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fq 1 
Power Hacksaws, Power Band 

Saws, and Circular Saws 
Power hacksaws, power band saws, and circular saws are very 
important to machine shop operations. A large number of power 
hacksaws and power band saws are in use in the metalworking 
industry. 

Power Hacksaws 
A power hacksaw is an essential machine in most machine shop 
operations. For many years a hand-operated hacksaw was the only 
means for sawing off metal. Power-driven machines for driving 
metal-cutting saw blades have been developed to make the task eas- 
ier. The power hacksaw can do the work much more rapidly and 
accurately. The machinist should be familiar with these machines, 
the blades used on the machines, and the operations performed on 
them. One type of power hacksaw commonly found in machine 
shops is shown in Figure 1-1. 

Figure 1 - 1  Power hacksaw. 

Basic Construction 
Power hacksaws are designed to make the sawing of metal a 
mechanical operation. The stock is usually held in a vise mounted 
on the base of the machine. An electric motor is used to supply 
power for the machine. 
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Drive Mechanism 
The drive shaft is connected by a V-belt and gears to the electric 
motor mounted on the machine. The drive mechanism is shielded 
by guards for safety in operation. 

Frame 
A U-shaped frame is used on the smaller power hacksaws to sup- 
port the two ends of the saw blade, which is under tension. The 
heavier machines use a four-sided frame and a thin backing plate 
for the blade of the saw. 

Worktable and Vise 
Most worktables are equipped with a vise that can be mounted either 
straight or angular to the blade. The worktable is usually mounted 
on a ruggedly constructed base. Many worktables are provided with 
T-slots for the purpose of supporting special clamping devices. 

Special Features 
Nearly all power hacksaws raise the blade on the return stroke. 
This feature prevents dulling of the blade by dragging it over the 
work as the blade is returned to the starting position. 

Another important feature is a blade safety switch that automat- 
ically stops the machine if the blade should break during operation 
of the saw. The safety switch prevents any damage that could result 
if the machine continued operation with a broken blade. 

Coolant System 
Some power hacksaws are equipped with a coolant system that 
delivers a coolant to the hacksaw blade. The coolant passes from a 
receiving tank to a pump and then to the work. The machine is 
equipped with a trough to catch the coolant, which may be 
screened to remove any chips of metal. 

Saw Capacity 
Small power hacksaws can be used on square or round stock rang- 
ing from % inch to 3 inches. The larger machines have a capacity 
ranging to 12 inches (square or round), or even larger. 

The capacity of a machine for angular cuts is different from its 
capacity for straight cuts. The cutting surface is longer for angular 
cutting. Thus, the saw must be equipped not only with a swivel vise 
but also with a long enough stroke to make the angular cut. 

Blades 
High-speed tungsten steel and high-speed molybdenum steel are the 
most commonly used materials in power saw blades. If only the 
teeth are hardened, the blades are called flexible blades. 

Power hacksaw blades are ordered by specifying length and 
width, thickness, and teeth per inch. For example, they are available 
in 12" x 1" length and width at 0.050-inch thickness. The teeth per 
inch (TPI) would be either 10 or 14. The 1 4  x 1" x 0.050" blade is 
available in only 14 TPI. Blades also come in 17" X 1" with a thick- 
ness of 0.050 inch and either 10 or 14 TPI. Blades with a thickness 
of 62 thousandths of an inch (0.062 inch) are usually 1 %  inches 
wide. 

High-speed, shatterproof blades are designed to meet safety and 
performance requirements. The high-speed molybdenum blades are 
longer wearing and give the best results for general use. They, too, 
come in 12-inch, 14-inch, and 17-inch lengths with a 1-inch or 11/4- 
inch width. These blades are made in both 10 and 14 TPI sizes. 
Thickness of the metal being cut determines the number of teeth per 
inch chosen to do the job. There should be no fewer than two or 
three teeth touching the metal being cut. 

Figure 1-2 shows the power hacksaw blade end with a hole for 
mounting in the machine and the pointed nature of the teeth. 

Figure 1-2 Power hacksaw 
blade. 

Hacksaw Operation 
Straight cuts are made easily on power hacksaws. The vise is sta- 
tionary, and the cut is made at a right angle to the sides of the stock. 

Most machines are equipped with an adjustable vise. Angular 
cuts at any desired angle up to 45 degrees can be made by swiveling 
the vise. 

To operate the power saw properly, the work should be fastened 
securely in the vise so that the blade will saw in the proper place. 
The blade will break if the work loosens in the vise. 

The saw blade should be lowered onto the work carefully to 
start the cut. On some machines this is done by hand, but it can be 
done automatically on some saws. In either method, the points of 
the teeth will be broken or damaged if the blade is permitted to 
strike the work suddenly. 

The machine should be watched carefully to make certain that 
the saw blade lifts about '/s inch on the return stroke. If the blade 
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fails to lift, adjustments should be made immediately, as the blade 
will be damaged if operation is continued. 

When making angular cuts with the work turned at an angle in 
the vise, another precaution is to be certain that the saw blade can 
make both the backward and the forward strokes without the saw 
frame making contact with either the work or the vise. Serious dam- 
age to the machine can result from failure to observe this precaution. 

When a saw blade is replaced, or a new blade is started in an old 
cut, it should be remembered that the set of the new blade is wider. 
The new blade will stick in the old cut unless the work is rotated in 
the vise a quarter turn. If the work cannot be rotated, the new blade 
should be guided into the old cut. 

The cutting speed of a power hacksaw, of course, varies with the 
material being cut. Suggested cutting speeds are as follows: for mild 
steel, 130; for tool steel (annealed), 90; and for tool steel (unan- 
nealed), 60. For example, on a machine with a 6-inch stroke, the 
revolutions per minute of the driving crank should be 130. 

All steels should be cut with a cutting compound. Bronze should 
be cut with a suitable compound at the same speed as mild steel. 
The saw blade will heat rapidly if an attempt is made to cut brass 
without a cutting compound adapted to brass. Brass may be cut at 
the same speed as steel if a suitable compound is used. 

Power Band Saws 
In the past few years the power band saw has become very impor- 
tant in machine shop operations. In some instances it is used in pro- 
duction operations prior to final machining operations. 

Basic Construction 
Power band saws are also designed to make the sawing of metal a 
mechanical operation (Figure 1-3). The stock can be held in a vise 
mounted on the machine or it can be supported by the operator's 
hand. Electric motors are used to supply the power for the band saws. 

Drive Mechanism 
Wheels on the power band saw can be adjusted to apply tension to the 
band saw blade, which is a flexible, thin, narrow ribbon of steel. 
One of these wheels is powered by the electric motor mounted on the 
machine. These wheels are enclosed by guards for safety in operation. 

Frame 
Many variations of power band saws are available. However, band 
saws can be grouped into three classifications: horizontal machines 
for cut-off sawing, vertical machines for straight and profile sawing 

Figure 1-3 A power band saw. (Courtesy Kalamazoo Saw Diw, KT8 Industries.) 

at conventional speeds, and vertical machines for nonferrous 
cutting and friction cutting. 

Worktable and Vise 
Power band saws have either a worktable or vise to hold the metal 
that is to be cut. The worktable is usually part of the band saw. The 
vise, if there is one, is usually designed to fit the worktable. Many 
worktables also have T-slots for the purpose of supporting special 
clamping devices to hold the work to be cut. 

Special Features 
Some power band saws have automatic tensioning devices so that 
the proper amount of tension is applied to the band saw at all times. 
This type of device reduces excessive wear and damage to the blade. 

Coolant System 
Coolant systems are common on power band saws designed for 
high-speed production work. These systems deliver coolant to the 
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band saw blade and the work. After the coolant has been used, it is 
recycled through a screen and filter to remove any chips. 

Capacity of Power Band Saws 
The maximum capacity of power band saws varies according to the 
size of the band saw. Some of the larger machines can accommo- 
date work that is 18" x 18" and larger. Band saws also have the 
capacity to do a wide variety of operations that include cut-off, 
straight sawing, and contour, or profile, sawing. Rough shaping 
and semifinishing can be accomplished on almost all types of 
ferrous and nonferrous materials. 

Blades 
The development of the heavy-duty band saw machine tool has 
been designed and built to operate with high-speed blades at maxi- 
mum efficiency. Use of the band saw offers several important 
advantages over the hacksaw. These advantages include a narrower 
kerf, which results in greatly reduced losses; fast, efficient cutting 

with low per-cut costs; and consis- 
tently smooth, accurate cutting. 

The type of blade used on the 
(A) Standard or regular tooth. power band saw is very important. 

Blades are available with many differ- - ent types of teeth, tooth set, and 
pitch. 

(B) Skip tooth. The three types of teeth are the 
regular tooth, skip tooth, and hook 
tooth (Figure 1-4). The regular tooth 
blade provides from 3 to 32 teeth per 

(C) Hook tooth. 
square inch. Teeth may be raker set 
or wavy set. Regular tooth blades are 

Figure 1-4 Three tooth preferred for all ferrous metals and 
styles for blades. for general-purpose cutting. 

Skip-tooth blades feature widely 
spaced teeth (usually from 2 to 6 TPI) to provide the added chip 
clearance needed for cutting softer materials. Teeth of the skip-tooth 
blade are characterized by straight 90" faces and by the sharp angles 
at the junction of the tooth and pllet. Since these sharp angles and 
flat surfaces tend to break up chips, this type of tooth is preferred for 
the very soft nonferrous metals that would otherwise tend to clog 
and gum the blade. This blade is also widely used in woodcutting. 

Hook-tooth blades provide the same wide tooth spacing as the 
skip-tooth blade. The teeth themselves have a 10" undercut face. 
Gullets are deeper with blended radii between the teeth and the 

gullets. Since the undercut face helps the teeth dig in and take a good 
cut, the blended radii tend to curl the chips. This type of tooth is pre- 
ferred for the harder nonferrous alloys and many plastic operations. 

There are three basic types of tooth set on metal-cutting band 
saw blades. Each tooth set is designed for a specific type of cutting 
application. These three basic types of tooth sets are the raker set, 
the wavy set, and the alternate set. See Figure 1-5. 

- - 
(A) Raker set. (B) Wavy set. 

(C) Alternate set. 

Figure 1-5 Types of tooth sets for blades. 

The raker set-one tooth set left, one tooth set right, and one 
tooth not set-is preferred for all long cutting runs where the type 
of material and the size and shape of the work remain relatively 
constant. It is also for all contour, or profile, cutting applications 
and for band sawing with high-speed steel blades. 

The wavy-set blade, a rolled set with alternate left and right 
waves, provides greater chip clearance and a stronger, nearly rip- 
proof tooth. This blade is preferred for general-purpose work on 
conventional horizontal machines. 

The alternate set has every tooth set-one to the left, one to the 
right-throughout the blade. Taken originally from the carpenter 
handsaw, it was supplied in band saws for brass foundry applications. 

Band Saw Operation 
When operating a band saw, there are some general principles that 
should be followed so that you will be able to select the blade with 
the proper pitch: 

Small and thin-wall sections of metal require fine teeth. 
Large metal sections require the use of blades with coarse 
teeth so that adequate chip clearance is provided. 
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* Two teeth should be engaged in the metal to be cut at all 
times. 

* Soft, easily machined metals require slightly coarser teeth to 
provide chip clearance. Hard metals of low machinability 
require finer teeth so that there are more cutting edges per 
inch. 

* Stainless steel should be sawed with a coarse (NQ) tooth saw 
blade for best results. 

Figure 1-6 shows tooth pitches. 

RIGHT WRONG RIGHT LARGE SECTION 

(A) Correct and incorrect tooth pitches. 

i 5 POINTS i 
IC--l"+ 

(B) How determined, 

Figure 1-6 Tooth pitches. 

Select the widest blade that your machine will accommodate 
when straight, accurate cutting is required. Blade widths for 
contour sawing depend upon the specific application. 

Profile (or contour) sawing is an accurate, fast, and efficient 
method of producing complex contours in almost any machinable 
metal. With the proper blade selection, radii as small as l/16 inch 
can be cut. Either internal or external contours can be sawed. If an 
internal contour has to be sawed, it is first necessary to drill a hole 
within the contour area to accommodate the saw blade. The band 
saw blade has to be cut to length, threaded through the drilled hole, 
and then rewelded. It is for this reason that band saws designed and 
built for contour sawing have a built-in butt welder. Blades for pro- 
file sawing are always raker set because this type of tooth provides 

- MINIMUM RADII 
Blade FOR CONTOUR OR PROFILE SAWING 
Width 

Always use widest blade possible 
for smallest radius you 

expect to cut 

'/16 "R 1 !/iT 

Figure 1-7 Bandwidth selection for profile o r  contour sawing. 

the necessary side clearance. These blades are usually narrower 
than those chosen for straight cutting; the extra width for any spe- 
cific job depends upon the smallest radius to be cut. Figure 1-7 will 
aid you in selecting the correct blade for any application. 

Profile sawing requires cutting and rewelding the blade. Because 
of this, it is necessary to make a good weld. This can be accom- 
plished very easily if certain steps are followed. The steps are as 
follows: 

I .  Square both ends of the blade accurately. 

2. Align both ends of the blade so that they join evenly across 
the entire width of the blade. 

3. Select the correct dial setting for the blade width. 

4. Select the correct annealing period. 
5. Dress the blade to remove the welding flash. 

6. Anneal for stress relieving. 

With the exception of cast iron, coolant should be used for all 
band-sawing operations. Cast iron is always cut dry. Almost all of 
the commercially available soluble oils or light cutting oils will give 
good results when cutting ferrous metals. When aluminum is cut, 
paraffin and beeswax are commonly used lubricants. 
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The recommendations shown in Table 1-1 are based on four 
types of cutting fluids: 

A. Cutting oil mineral base with fatty oils added (has sulfur for 
antiweld characteristics and chlorine for film strength) 

B. Cutting oil with light viscosity fatty oils (for cold-weather 
operations, mix with (A); when cutting copper alloys, addi- 
tives and chlorine should be added) 

C. Synthetic water-soluble cutting agent 
D. Soluble oil cutting agent with fatty oils (sulfurized for extreme 

pressure with antiweldment properties; water-soluble for 
greater heat removal) 

Table I - I Recommended Cutting Fluids 

Mater ia ls t o  Be Cut- Cuttine Fluids Recommended 

Aluminum 
Stainless Alloys; 

Free-Cutting Alloy Steels Leaded 
Steels; Steels; (Free Stainless Brass; Brass; 
Carbon Nickel Cutting); (Austenitic); Magnesium Gun 
Steels; Cast Steel; lngot Manganese Alloys; Metal; 
Steels; Nickel- Iron; Steels; Phosphor Nickel; 
Malleable Chromium Wrought High-Temp Bronze; Monel; 

Operation Iron Steel Iron Alloys Zinc lnconel 

Production FLOOD FLOOD FLOOD FLOOD FLOOD FLOOD 
sawing 
using 
MARVEL 
high-speed 
steel, high- 
speed-edge, 
and 
intermediate 
alloy steel 
band blades 

(B) (A) (A) (A) (B) (A) 
(C) Mix 1 (C) Mix 1 (D) Mix (C) Mix 1 (C) Mix 
to 5 with to 5 with 1 to 5 to 5 with 1 to 5 
water. water. with water. with 

water. water. 
(D) Mix 1 (D) Mix 1 (C) Mix (D) Mix I (D) Mix 
to 5 with to 5 with 1 to 5 to 5 with 1 to 5 
water. water. with water. with 

water. water. 

Table I - I  (continued) 

Mater ia ls t o  Be Cut- Cutting Fluids Recommended 

sawing 
using 
MARVEL 
hard-back 
& flexible- 
back 
hardened- 
edge band 
blades 

Contour 
sawing 
using 
MARVEL 
high-speed- 
edge or 
hard-back 
& flexible- 
back 
carbon 
blades 

Free-Cutting 
Steels; 
Carbon 
Steels; Cast 

Steels; 
Malleable 

Operation lron 

General DRIP (blade 
just wet) 

Stainless 

Alloy Steels 
Steels; (Free Stainless 

Nickel Cutting); (Austenitic); 
Steel; lngot Manganese 
Nickel- Iron; Steels; 

Chromium Wrought High-Temp 
Steel lron Alloys 

Aluminum 
Alloys; 

Leaded 
Brass; Brass; 

Magnesium Gun 
Alloys; Metal; 
Phosphor Nickel; 
Bronze; Monel; 

Zinc lnconel 

DRIP DRIP DRIP 
(blade (blade (blade 
just wet) just wet) just wet) 

SPRAY OR SPRAY SPRAY FLOOD 
DRIP OR OR OR 

DRIP DRIP DRIP 

DRIP DRIP 
(blade (blade 
just wet) just 

wet) 

(B) (A) 

Paraffin (B) 
dry 

FLOOD 

(c) (C) (C) (D) Mix 1 (B) (8) 
to 10 with 
water. 

(D) Mix 1 (D) Mix 1 (D) Mix (C) Mix 1 Paraffin (A) 
to 10 with to 10  1 to 10 to 10 with dry 
water. with with water. 

water water. 

Courtesy Armstrong-Blum Mfg. Co 
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The three types of feeds used on power band saws are hand, 
hydraulic, and mechanical. The number of factors involved in the 
efficient and trouble-free operation of a power band saw make it 
difficult to provide specific information on the proper speed or 
pressure required (see Table 1-2). When a cut is started, the blade 
should not be forced. If the work is forced into the blade, it will 
result in a shorter blade life and defective work. The following 
principles should be used as a guide in selecting the proper feed 
pressure: 

Use moderate feed pressure when straight, accurate cutting is 
desired. 
Avoid heavy feed pressures because they will cause the power 
band saw to chatter and vibrate. 
Study the chips produced. Fine powdery chips indicate the 
feed is too light. The teeth on the blade are rubbing over the 
surface of the work instead of cutting the work. Discolored, 
blued, or straw-colored chips indicate that there is too much 
feed pressure. This excess pressure can cause teeth to chip and 
break. In addition, the blade will wear prematurely because of 
overheating. A free-cut curl indicates ideal feed pressure with 
the fastest time and the longest blade life. 

Table 1-2 Common Band Sawing Problems and 
Their Connections 

Problem Cause Correction 

Roller guides not correctly Readjust. Blade develops 
camber. 

Blade develops 
twist. 

adjusted. 
Feeding pressure is too 

heavy. 
Saw guides too far apart. 
Blade riding against flange 

on metal wheel. 

Saw is binding in cut. 

Side inserts or rollers of 
saw guides too close 
to saw. 

Wrong width of blade for 
radius being cut. 

Use lighter feed. 

Adjust closer to work. 
Tilt wheel for proper 

blade position. 

Decrease feeding 
pressure. 

Readjust. 

Check for correct 
blade width. 

Saw speed too great; teeth 
sliding over work instead of 
cutting. 

Improper coolant or coolant 
improperly directed. 

Table 1-2 (continued) 

Problem Cause Correction 

Saw dulls Reduce saw speed. 
prematurely. 

Check type and 
mixture of coolant. 
Apply at the point 
of cut, saturating 
teeth evenly. 

Saw loses set 
prematurely. 

Saw vibrates 
in cut. 

Saw teeth 
rip out. 

Saw idling through cut. 

Feed too light; teeth sliding 
over work. 

Saw is too wide for radius 
being cut. 

Saw speed is too fast. 
Saw rubbing against vise or 

running deep in guides. 

Wrong speed for the material 
and work thickness. 

Insufficient blade tension. 
Pitch too coarse. 
Excessive feeding pressure. 

Pitch too coarse. 

Work not tightly clamped 
or held. 

Sawing dry. 

Gullets loading. 

Excessive feed pressures. 

Keep teeth engaged; 
use positive feeding 
pressure. 

Use a feed heavy 
enough to generate 
a full curled chip. 

Check for the proper 
width. 

Reduce speed. 
Check blade along 

complete travel. 

Check for the proper 
width. 

Increase tension. 
Select a finer pitch. 
Reduce pressure. 

Use a finer pitch on 
thin work sections. 

Reclamp or hold 
more firmly to 
prevent vibration. 

Use coolant when 
possible. 

Use a coarser pitch 
and/or a higher 
viscosity lubricant- 
or brush to remove 
chips. 

Reduce. 
(continued) 
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Table 1-2 (continued) 

Problem Cause Correction 

Saw breaks Blade too thick for the Check 
prematurely. diameter of wheels. recommendations 

for your machine. 
Cracking at the weld. Weld improperly 

made; try a longer 
annealing period. 

Pitch is too coarse. Use finer pitch. 
Excessive feeding pressure or Reduce. 

blade tension. 
Guides too tight. Readjust. 

Courtesy Henry G. Thompson Co., Subs~d~ory of VermontAmerfcon Corporot~on. 

One  of the most important factors in successful band sawing is a 
proper cutting speed. If the machine is operated a t  too  fast a speed 
for the material being cut, the teeth are not  allowed sufficient time 
t o  dig into the material. As a result, they merely rub  over the sur- 
face of the work, creatin friction that  rapidly dulls the cutting edge 
and wears out  the blade. $ able 1-3 gives average speeds and cutting 
rates for cutting a wide variety of commonly used ferrous and non- 
ferrous metals and nonmetallics. These recommendations will 
ensure optimum performance under most conditions. 

Table 1-3 Average Speeds and Cutting Rates 

Flexible and Hard-Back Carbon-Raker Tooth 

Size of Material 

1/4 in. % in. 2 in. 4 in. 

Material Speed Teeth Speed Teeth Speed Teeth Speed Teeth 

Steels: 
Armor plate 
Angle iron 
Carbon steels 
Chromium steels 
Cold-rolled steel 
Drill rod 
Graphite steels 
High-speed steels 
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Table 1-3 (continued) 

Flexible and Hard-Back Carbon-Raker Tooth 

Size of Material 

Material 

Machinery steels 
Molybdenum 

steels 
Nickel steels 
Silicon 

manganese 
Stainless steels 
Structural steels 
Tungsten steels 

Foundry metals: 

Bronze- 
aluminum 

Bronze- 
manganese 

Bronzenavel 
Bronze- 

phosphorous 
Cast iron-gray 
Cast iron- 

malleable 
Cast steel 
Copper- 

beryllium 

Gunnite 
Meehanite 
Monel 
Nickel- 

cold-rolled 
Nickel silver 
Silver 

VI in. % in. 2 in. 4 in. 

Speed Teeth Speed Teeth Speed Teeth Speed Teeth 

250 18 250 14 175 10 125 6 
250 24 250 18 175 10 150 6 

(continued) 
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Table 1-3 (continued) 

Flexible and Hard-Back Carbon-Hook Tooth 

Size of Material 

% in. 2 in. 5 in. 10 in. 

Material Speed Teeth Speed Teeth Speed Teeth s e e d  Teeth 

Nonferrous metals: 
Aluminum- 

soft 
Aluminum- 

medium 
Aluminum- 

hard 
Babbit 
Beryllium 

copper 
Brass-casting 
Brass- 
commercial 

Brass-naval 
Brass-yellow 
Cadmium- 
Kirsite 

Copper 
Lead 
Magnesium 
Silicon bronze 
Titanium 

#15OA 
Steels: 
Alloy steels 
Low-carbon 

steel 
Medium- 

carbon steel 
High-carbon 

steel 
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Friction cutting differs from all other types of metal-sawing 
methods. It is not actually a cutting operation, but a burning pro- 
cess similar to  torch cutting. It is much faster than conventional 
sawing methods. Very hard materials (which could not normally be 
sawed) are cut rapidly and easily. Bulky and irregular shapes can be 
cut handily because there is little blade drag. 

Basically, the friction-cutting operation involves the use of a 
very fast moving blade that travels at speeds between 6000 and 
18,000 feet per-minute (see Table 1-4). At these speeds, terrific 
heat is built UD in the work~iece at its point of contact with the 
blade, and burLing begins. Teeth are nocneeded to generate burn- 
ing heat, but they generate increased cutting speed and efficiency 
by carrying additional oxygen into the work area, thus creating 
greater oxidation. Set teeth are also important. They give the oper- 
ator the control required to  cut a straight line or follow a specific 
curve. 

Table 1-4 Recommended Friction Cutting Speeds for 
Common Metals 

Average Recommended Cutting Speeds, 

Description ftlmin. 

Armor plate 
Carbon steel 
Cast steel 
Chromium steel 
Chromium-vanadium steel 
Free-machining steel 
Gray cast iron 
Malleable cast iron 
Manganese steel 
Moly steel 
Molybdenum 
Nickel-chromium steel 
Nickel steel 
Silicon steel 
Stainless steel 
Tungsten steel 8000-15,000 

Courresy Armstrong-BIum Mfg, Co, 
Courtesy Henry G Thompson Co., Subsidlory of Vermont American Corporotron. 
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There is a definite advantage to using a special blade for this type 
of operation. The friction-cutting blade is made from special steel. 
The blade is specially heat-treated to withstand the fast speeds and 
severe flexing that are encountered in friction sawing. 

Many difficult manufacturing problems have been solved with fric- 
tion sawing because this process has distinct advantages. Before decid- 
ing whether to use friction sawing, consideration should be given to 
the specific job requirements. There are important limitations 
involved with friction sawing. Following are some of these limitations: 

e Friction cutting leaves a very heavy burr on the underside of 
the material being cut. 

* Thicknesses over Y s  inch are extremely difficult to  cut. 

* Heat from the friction-sawing process may have a tempering 
effect on the edges of some materials. 

Circular Saws 
Circular saws have some advantages. They produce a burr-free mill 
finish when slow-speed cold sawing is used. This eliminates sec- 
ondary operations on tubing, channels, angles, and solid stock of 
most steels and other ferrous materials, as well as most nonferrous 
metals. The rigidity of the blade produces cuts of extreme accuracy 
and close tolerances. The cutting operation is safe, clean, and quiet 
because of the slower speed. 

Figure 1-8 shows a manually operated saw. Semiautomatic types 
with an air-operated vise are available. Special vise insets for hold- 
ing thin-walled pipe or tubing to prevent distortion are shown in 
Figure 1-9A. The other holding arrangement is shown in Figure 
1-9B. This shows square material being held for optimum cutting 
angle. Other special shapes can be made to fit in the vises, or they 
can be purchased from the saw manufacturer. 

The semiautomatic machines have heavy-duty feed mechanisms 
to feed the metal to  the saw. The saw can do straight cutting, miter 
cutting, slot (or longitudinal) cutting, or any number of other 
arrangements that will fit within the limits of the machine. 

Nonferrous Saw 
A machine specifically suited for aluminum or nonferrous and hard 
plastics is shown in Figure 1-10. The machine cuts from the bottom 
up. The cutting blade speed is 9840 surface feet per minute (sfpm). 
The workpiece is held from the top by a quick-clamping vise. 
Maximum saw diameter is 12 inches. A built-in spray mist coolant 
system provides effective blade lubrication. Mitering is possible in 
either 45" or 60" and in both directions. 

Figure 1-8 Manually 
operated metal-cutting table 
Saws. [Courtesy of Kolornazaa Sow r a m  

Clousing lndustriol lnc.) 

Blade 
The circular saw blade is the most important part of the saw. It is 
chosen to do a specific job. The blade is important for the quality of 
the cut. High-speed blades are coated with a special nitrate treat- 
ment to  retain strength and hardness, as well as to facilitate coolant 
Penetration. Carbide-tipped blades are made of a special alloy with 
carbide-tipped teeth for high-speed cutting of aluminum and other 
light nonferrous materials. 
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Figure I -  I0 High-speed 
aluminum and nonferrous saw. 
(Courtesy ojKolomazoo Saw porn Ciousing 

1ndus:riol Inc.) 

Table 1-5 shows the approximate number of teeth for the blade 
diameter. This table indicates the actual number of teeth engaged 
with the material being cut. No fewer than two to three teeth 
should engage the work at all times. No more than seven teeth 
should be engaging the work at any one time. 

Table 1-6 shows the blade pitch and the number of teeth per 
inch. Table 1-7 indicates the blade speed in feet per minute for the 
different spindle speeds and blade diameters. 

Table 1-8 shows recommended sawing speeds for various mate- 
rials cut by this type of saw. Table 1-9 indicates the spindle speeds 
available for five different models of saws. The spindle speeds for 
the circular saws for ferrous metals are 26 to 52  rpm, or a very slow 
speed. The nonferrous model saw uses a speed of 3000 rpm, or a 
somewhat faster saw blade. 

Table 1-5 Approximate Number of TPI 

Number 
of Teeth 

Blade Diameter, in. 

on Blade 6 8 10 I I I 2  14 
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Table 1-5 (continued) 
- 

Number Blade Diameter, in. 
of Teeth 
on Blade 6 8 10 I I I 2  14 

140 7 5% 4 l/2 4 3% 3 
160 8 6 5 4% 4 3 l/2 

180 9 7 6 5 5 4 
200 11 8 6 l/2 6 5 '/2 4% 
220 12 9 7 6 5'2 6 5 
240 13 10 7% 7 6 l/2 5% 
260 8 7% 7 
280 9 8 8 
300 10 9 

Courtesy Siom;te, lnc. 

Table 1-6 Pitch Selection 

Pitch Designation 3 4 5 6 8 1 0 1 2  

Approx. Teeth per Inch 14 10 6 5 4 3 2% 2 

Table 1-7 Blade Speeds (fpm) 

Blade Diameter, in. 

Spindle Speed, rpm 8 10 I I I 2  13 14 

26 54 68 75 82 89 95 
52 108 136 150 164 177 190 
3000 9425 

Table 1-8 Recommended Sawing Guide 

Material Blade Speed, ftlmin. 

Mild steel 60-165 
High-carbon, stainless, alloys, tool steel 40-50 
Cast iron 40-125 
Bronze 100-170 
Brass, copper 120-170 
Aluminum 150-9000 
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Table 1-9 Startrite Spindle Speeds 

Model Spindle Speed, rpm 

Courtesy Stormre Corp 

Summary 
Power hacksaws, power band saws, and circular saws are very 
important to machine shop operations. A large number of power 
hacksaws are in use in the metalworking industry. 

A power hacksaw is an essential machine in most machine shop 
operations. It is designed to make the sawing of metal a mechanical 
operation. High-speed tungsten steel and high-speed molybdenum 
steel are the most commonly used materials in power saw blades. 
High-speed, shatterproof blades are designed to meet safety and 
performance requirements. These blades are designed with 12-inch, 
14-inch, and 17-inch lengths with a 1-inch or 1%-inch width. 

In the past few years, the power band saw has become very 
important in machine shop operations. In some instances it is used 
in production operations prior to final machining operations. There 
are three types of saw blades: the regular tooth, skip tooth, and 
hook tooth. Small and thin-wall sections of metal require a fine- 
tooth blade. Large metal sections require the use of blades with 
coarse teeth so that adequate chip clearance is provided. Two teeth 
should be engaged in the metal to be cut at all times. Soft, easily 
machined materials require slightly coarser teeth to provide chip 
clearance. Hard metals of low machinability require finer teeth so 
that there are more cutting edges per inch. Stainless steel should be 
sawed with a coarse-tooth saw blade for best results. 

Cast iron is always cut dry. Almost all the commercially avail- 
able soluble oils or light cutting oils will give good results when cut- 
ting ferrous metals. When aluminum is cut, paraffin and beeswax 
are commonly used lubricants. Cutting oil mineral base with fatty 
oils added is one of four types of cutting fluids. Cutting oil with 
light viscosity fatty oils is another, as well as synthetic water-soluble 
cutting agent and soluble oil cutting agent with fatty oils and sulfu- 
rized for extreme pressure with antiweldment properties. 
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The three types of feeds used on power band saws are hand, 
hydraulic, and mechanical. 

Many difficult manufacturing problems have been solved with 
friction sawing. This process has distinct advantages. Some of the 
limitations are important. Friction cutting leaves a very heavy burr 
on the underside of the material being cut, thicknesses over 5/s inch 
are extremely difficult to cut, and heat from the friction-sawing 
process may have a tempering effect on the edges of some materials. 

Circular saws have some advantages. They produce a burr-free 
mill finish when slow-speed cold sawing is used. This eliminates 
secondary operations on tubing, channels, angles, and solid stock. 
The rigidity of the blade produces cuts of extreme accuracy and 
close tolerances. 

Review Questions 
I. Why are power hacksaws preferred in the machine shop? 
2. Brass may be cut at the same speed as - if a suitable 

cutting compound is used. 
3. List the basic parts of a power hacksaw. 
4. What are the three basic types of tooth set on metal-cutting 

band saw blades? 
5. A 1-inch band saw blade can cut with a radius of 

inches. 
6. Why is soluble oil cutting agent water-soluble? 
7. Does cast iron need a cutting fluid? Why? 
8. What is the probable cause when the blade develops a twist? 
9. What is the recommended correction for a twisted blade 

~roblem? 
10. What are the recommended friction-cutting speeds for gray 

cast iron? 
I I. What are three of the limitations to friction cutting? 
12. What are the advantages of using circular saws for cutting? 
13. How many teeth per inch (TPI) are actually cutting the metal 

with a 14-inch, 100-tooth blade? 
14. Why do some power hacksaws need a coolant system? 
15. What type of blades do power hacksaws use? 



Basic Machine Tool Operations 
Machine tools are relatively new. The machine tools in use today 
are the products of the Industrial Revolution, which started a little 
more than 200 years ago. Prior to the Industrial Revolution, the 
various items that people wore or used were made by hand tools 
that for centuries had changed little in their basic design. It was not 
until machine tools replaced hand tools that the life of abundance 
we have come to know and enjoy began to evolve. 

Machine power was substituted for muscle power to cut, shape, 
and form metal products. Drilling, turning, milling, planing, grind- 
ing, and metal forming, the basic machine tool processes in use 
today, evolved from hand tools. 

Prior to World War 11, machine tools played a very important part 
in making the United States the most highly industrialized nation on 
the face of the earth. Along with this came one of the highest stan- 
dards of living in the world. During World War 11, the country's 
machine tool population more than doubled to meet the war produc- 
tion demands. 

In the 1950s, the design of machine tools began to change dras- 
tically. These changes were primarily the result of the development 
of numerically controlled machine tools and the advancements 
made in the area of electronics. In the short time since then, a tech- 
nological revolution has taken place in the design and development 
of machine tools. Advances in design and development have been 
so great that they have surpassed all previous advancements. 

The development of this new technology did not occur by acci- 
dent. This new technology is the direct result of an unprecedented 
upsurge in spending by the machine tool industry for research and 
development. The rate of technological change is accelerating more 
and more rapidly every year. The life span of a new machine tool is 
considerably shorter than it once was because the speed with which 
new products are constantly being developed has rapidly increased. 

Once machine tools were simple and uncomplicated. This is no 
longer true. Machine tools are becoming more and more complex 
as more features are being built into their design and performance. 
For the machine tools we hear so much about, see Figures 2-1 
through 2-8. 
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Figure 2-1 A vertical spindle machining center with heavy milling 
capacity. This milling capacity, together with accurate boring, drilling, and 
tapping, expands the capability o f  this type o f  machine t o  accommodate 
an exceptionally broad range o f  parts. Once set up, the operation is 
completely automatic, with fast recycling, no lost motion, and no 
unnecessary idle time. (Courtesy Monarch CortlandJ 

Figure 2-2 The automatic tool  changer on the vertical spindle 
machining center. Tools are stored in pockets connected t o  an endless 
chain conveyor. (Courtesy Monarch Cortland) 

Figure 2-3 Tool in cut, quill down, stored tools in covered enclosure. 
(Courtesy Monarch Cortlond) 

Figure 2-4 Quill up; fingers grasp the adapter; cover opens, exposing 
the too l  storage conveyor. (Courtesy Monarch Cortiand.) 
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Figure 2-5 Tool leaves the spindle. (Couitesy Monarch Cortlandj 

Figure 2-7 The too l  is in storage. (Courtesy Monarch Cortland.) 

Figure 2-6 The tool swings in the arc. (courtesy ~ o n m h  Conlond) Figure 2-8 The next tool  starts t o  spindle. (courtesy Monarch Cortland.) 
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Today, there are unlimited varieties and combinations of machine 
tools. Some of these machine tools are small enough to be mounted 
on a table. Some machine tools are so large that they require special 
buildings to house them. Their cost can range from a few hundred 
dollars to hundreds of thousands of dollars. Some machine tools, 
such as presses, weigh several hundred tons. When some of the 
machine tools are installed, their foundations have to be extended 
into the ground to a depth of more than 100 feet. They can also be 
several stories in height. Some machine tools are incorporated into 
production lines hundreds of feet in length. 

Whether machine tools are small or large, inexpensive or 
extremely expensive, they can be grouped into six major classifica- 
tions. These major classifications are based upon the operations 
performed by the machines to shape metal. These basic operations 
include the following: 

0 Drilling and boring (including reaming and tapping, turning, 
and milling) 

Planing (including shaping and broaching) 
Grinding (including honing and lapping) 
Metal forming (including shearing, stamping, pressing, and 
forging) 

In addition to the basic metal-shaping operations, newer metal- 
shaping operations have been developed during the past two 
decades that employ the various characteristics of chemicals, elec- 
tricity, magnetism, liquids, explosives, light, and sound. 

Whether a machine tool is simple or complex, it performs one or 
more of these operations. Variations of the six basic operations are 
employed to meet special situations. For example, there are 
machine tools that combine two or more operations, as in a boring, 
drilling, and milling machine; a stamping, punching, and shearing 
press; or a combination milling and planing machine. 

Drilling and Boring 
- - 

Drilling is a basic machine shop operation dating back to primitive 
humans. It consists of cutting a round hole by means of a rotating 
drill (Figure 2-9). Boring, on the other hand, involves the finishing 
of a hole already drilled or cored. This is accomplished by means of 
a rotating, offset, single-point tool that somewhat resembles the 
tool used in a lathe or a planer. The tool is stationary and the work 
revolves on some boring machines. On other types of boring 
machines, the reverse is true. 

Figure 2-9 Drilling. 

DRILL IS FED 
INTO WORK AS 

IT REVOLVES 

Two other types of machine tools are included under the classifica- 
tion of drilling and boring. These machine tools perform reaming and 
tapping operations. Reaming consists of finishing an already drilled 
hole. This is done to very close tolerances. Tapping is the process of 
cutting a thread inside a hole so that a screw may be used in it. 

Turning 
Turning is done on a lathe. The lathe, as the turning machine is 
commonly called, is the father of all machine tools. The principle of 
turning has been known since the dawn of civilization, probably 
originating as the potter's wheel. In the turning operation, the piece 
of metal to be machined is rotated and the cutting tool is advanced 
against it (Figure 2-10). 

WORK REVOLVES Figure 2- l o  Turning. 

By contrast, the turret lathe is a lathe equipped with a multisided 
toolholder called a turret, to which a number of different cutting 
tools are attached. This device makes it possible to bring several dif- 
ferent cutting tools into successive use and to repeat the sequence of 
machining operations without the need to reset the tools. The cut- 
ting tools themselves are mounted and protrude from the turrets. 
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Single- and multiple-spindle automatics are used when the num- 
ber of identical parts to be turned is increased from a few to hun- 
dreds, or even thousands. These machines perform as many as six 
or eight different operations at one time on a number of different 
parts. Single- and multiple-spindle automatics are entirely auto- 
matic. Once set up and put into operation, these machines relieve 
the operator of all but two duties. The duties of the operator consist 
of monitoring operations and gauging the accuracy of finished 
parts. 

Milling 
Milling consists of machining a piece of metal by bringing it into 
contact with a rotating cutting tool with multiple cutting edges 
(Figure 2-11). A narrow milling cutter resembles a circular saw 
blade familiar to most people. Other milling cutters may have spiral 
edges, which give the cutter the appearance of a huge screw. 

Figure 2-1 l Milling. 

There are many other milling machines designed for various 
kinds of work. For example, the planer type is built like a planer, but 
it has multiple-tooth revolving cutters. Machines that use the milling 
principle but are built especially to make gears are called bobbing 
machines. Some of the shapes produced on milling machines are 
extremely simple (like the slots and flat surfaces produced by circu- 
lar saws). Other shapes are more complex and may consist of a vari- 
ety of combinations of flat and curved surfaces, depending upon the 
shape of the cutting edges of the tool and the path of travel of the 
tool. 

Planing 
Planing or shaping metal with a machine tool is a process some- 
what similar to planing wood with a carpenter's hand plane. The 
essential difference lies in the large size of the machine tool and the 
fact that it is not portable. The cutting tool remains in a fixed 
position, while the work is moved back and forth beneath it. 

On a shaper the process is reversed. The workpiece is held sta- 
tionary, while the cutting tool travels back and forth (Figure 2-12). 

Figure 2- I 2  Shaping. 

%Tm .*"., 

A somewhat similar operation is known as slotting. This opera- 
tion is performed vertically. Slotters, or vertical shapers, are used 
principally to cut certain types of gears. 

Broaches may be classified as planing machines. The broach has 
a number of cutting teeth. Each cutting edge is a little higher than 
the previous one, and it is graduated to the final size required. The 
broach is pulled or pushed over the surface to be finished. It may be 
applied internally (for example, to finish a square hole) or exter- 
nally (for example, to produce a flat surface or a special shape). 

Planers are usually very large. Sometimes they are large enough 
to handle the machining of surfaces that are 15 to 20 feet wide and 
about twice as long. 

Grinding 
Grinding consists of shaping a piece of work by bringing it into 
contact with a revolving abrasive wheel (Figure 2-13). The process 
is often used for the final finishing to close dimensions of a part that 
has been heat-treated to make it very hard. In recent years, grinding 
has found increasing applications in heavy-duty metal removal, 
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Figure 2-1 3 Grinding. 

SURFACE GRINDING 

replacing machines with cutting tools. This process is referred to as 
abrasive machining. 

The grinding machine can correct distortions that have resulted 
from the heat treatment process. It may be used on external cylin- 
drical surfaces, in holes, for flat surfaces, and for threads. 

Under the classification of grinding are included operations 
known as lapping and honing. 

Lapping involves the use of abrasive pastes and compounds. 
It is limited in its use to extremely small amounts of stock 
removal and to situations where there is a high degree of 
precision and surface finish needed. 
The honing technique, in contrast, is widely accepted as a 
process separate from that of lapping. For example, there are 
honing machines with rotating heads that carry abrasive 
inserts for the extremely accurate finishing of holes. 

Metal forming includes shearing, stamping, pressing, and forg- 
ing metals of many kinds. It requires the use of many kinds of tools, 
including the following: 

I .  Shear-This tool is used to cut metal into the required shapes. 
2. Punch press-This tool is used to punch holes in metal sheet 

and plate. 
3. Mechanical press-This tool is used to blank out the desired 

shape from a metal sheet and squeeze it into the final shape in 
a die under tremendous pressure. 

4. Hydraulic press-This tool does the same work as the 
mechanical press by the application of hydraulic power. 

5. Drop hammer-This tool is operated by steam or air. It is 
used to forge or hammer white-hot metal on an anvil. 

6. Forging machine-This tool squeezes a piece of white-hot 
metal under great pressure in a die. During the process, the 
metal flows into every part of the die cavity where it assumes 
the shape of the cavity. 

The research and development efforts of the past few years have 
resulted in a number of new operations for shaping metal into use- 
ful parts. Discounting entirely those processes that form metal in its 
molten state or in a powder state, many new developments have the 
effect of broadening the capabilities of machine tools. 

Following are some of the better-known developments: 

Abrasive machining 
Capacitor discharge machining 
Cold extrusion 
Combustion machining 
Electrical discharge machining 
Electromechanical machining 
Electrolytic machining 
Electrospark forming 
Electron beam machining 
Explosive forming 

Fission fragment exposure and etching 
Gas forming 
Hot machining 
Hydroforming 
Laser (light beam) cutting 
Magnetic forming 
Plasma machining 
Spark forming 
Ultrasonic cutting and forming 

A number of the processes were developed to do specific 
work, such as machining extremely hard materials. Many of the 
developments came about through aircraft, atomic energy, and 
rocket research. Some of these processes have been adapted to 
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production-type machines, as in electrochemical milling, electrical 
discharge machining, magnetic forming, abrasive machining, 
electron beam machining, electrospark forming, and cold extru- 
sion. A number of processes are still awaiting the basic research 
necessary to incorporate a process into a piece of production equip- 
ment. Although some of these processes are today's curiosities, they 
will play an important part in manufacturing goods for a rapidly 
growing economy. 

Summary 
Machines tools are relatively new. The machine tools in use today 
are the products of the Industrial Revolution, which started a little 
more than 200 years ago. 

Machine power was substituted for muscle power to cut, shape, 
and form metal products. Drilling, turning, milling, planing, grind- 
ing, and metal forming, the basic machine tool processes in use 
today, evolved from hand tools. 

Drilling is the basic machine shop operation and dates back to 
primitive humans. It consists of cutting a round hole by means of a 
rotating drill. 

Turning is done on a lathe. The lathe, as the turning machine is 
commonly called, is the father of all machine tools. In the turning 
operation, the piece of metal to be machined is rotated and the 
cutting tool is advanced against it. 

Milling consists of machining a piece of metal by bringing it into 
contact with a rotating cutting tool with multiple cutting edges. 
There are many different types of milling machines. 

Planing or shaping metal with a machine tool is a process some- 
what similar to planing wood. The cutting tool remains in a fixed 
position while the work is moved back and forth beneath it. 

Grinding consists of shaping a piece of work by bringing it into 
contact with a revolving abrasive wheel. Grinding can correct dis- 
tortions that have resulted from the heat treatment process. It may 
be used on external cylindrical surfaces, in holes, for flat surfaces, 
and for threads. 

Metal forming includes shearing, stamping, pressing, and forg- 
ing metals of many kinds. It requires the use of many kinds of tools. 
Basically, they are the shear, the punch press, the mechanical press, 
the hydraulic press, the drop hammer, and the forging machine. 

The research and development efforts of the past few years have 
resulted in a number of new operations for shaping metal into 
useful parts. These new operations will be used more and more in 
the years ahead. Recent developments in robotics and electronic 

computers and their application to this field have produced some 
rather sophisticated machines capable of unbelievable tasks. 

Review Questions 
I .  What is drilling? 
2. What is turning? 
3. What is milling? 
4. What is planing? 
5. What is grinding? 
6. What is metal forming? 
7. What is meant by the machine tool industry? 
8. What is a spindle? 
9. What are the classifications of machine tools as grouped by 

the operations they perform? 
10. How can turning be done on a lathe? 
I I .  How is a turret lathe different from a machine lathe? 
12. How does the planer work? 
13. What is a shaper? 
14. How are broaches classified? 
15. Describe lapping and honing. 



Drilling Machines 
Round holes are commonly drilled in metal by means of a machine 
tool called a drill press. The term drilling machines is much broader 
in meaning and includes all types of machines designed for drilling 
holes into metal. 

Many operations other than drilling a round hole can be per- 
formed on the drill press. Some of these are sanding, counterboring 
and countersinking, honing, reaming, lapping, and tapping. 
Considerable skill is required to drill a hole of proper size in exactly 
the desired location at a high rate of production. The machine oper- 
ator must be able to locate the hole properly and accurately, and 
the machine operator must be able to align the drill correctly. 

Basic Construction 
Successful operation of the drill press requires the operator to be 
familiar with all parts and to have an adequate working knowl- 
edge of the machine itself. The operator must also be able to set up 
the work properly, to select proper speeds and feeds, and to use the 
correct coolant. 

The bench-type drill press (Figure 3-1) and the floor-type drill 
press (Figure 3-2) are commonly found in home workshops and in 
industrial machine shops. These machines are designed to rotate a 
cutting tool (twist drill, countersink, counterbore, and so on) to 
advance the cutting tool into the metal and to support the work- 
piece. 

Head 
The design of the drill press head varies with different machines 
(Figure 3-3). In most machines, the electric motor is bolted to the 
head, and a V-belt drive is used to drive the spindle at from three to 
five different speeds by shifting the V-belt from step-to-step on the 
pulleys. For maximum life of the V-belt, the belt tension should be 
just tight enough that loosening is not necessary to shift it. 

Spindle 
The spindle is the rotating part. It is usually splined and made of 
alloy steel. The spindle rotates and moves up and down in a quill or 
sleeve, which slides on bearings. A pinion engages a rack fastened 
to the quill to provide vertical movement of the quill, permitting the 
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Figure 3- 1 Bench-type sensitive drill press. (Courtesy B U ~ ~ O I O  Forge) 

twist drill to  be either fed into or withdrawn from the workpiece. A 
typical spindle assembly is shown in Figure 3-4. 

Spindle speed is controlled on smaller machines by changing 
the V-belt from one step to another on the pulleys. Gearboxes are 
provided on the larger machines for making changes in spindle 
speed. 

Some upright drill presses have back gears, which supply more 
power to the spindle. Slower spindle speeds are a result of this 
increase in power. On some machines, the back gears can be 
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Figure 3-2 Floor-type sensitive drill press. (Courtesy B U ~ O I O  Forge) 
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Figure 3-3 Newer models use a variable speed arrangement that 
changes pulley sizes from a control in front o f  the drill press. 
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Figure 3-4 A typical spindle 
assembly for a drill press. 
(Courtesy Bufob Forge.) 

engaged and disengaged by means of a lever conveniently located 
on the machine. 

Table 
The table is supported on the column of the drill press. It can be 
moved both vertically and horizontally to the desired working posi- 
tion, or it can be swung around so that it will be out of the way. 
Most tables are slotted so that the work, or a drill press vise for 
holding the work, can be bolted to them (Figure 3-5). 

Figure 3-5 A drill press vise used for holding the work  on the drill 
press table. (Courtesy Ridge Tool Co.) 
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Base 
The supporting member of the entire drill press structure is the base. 
It is a heavy casting with holes or slots for bolting it to the bench and 
for securing the work or workpiece directly to the base. The base 
supports the column, which in turn supports the table and head. 

Feed 
The feed on a drill press can be either manual or automatic. Feed is 
expressed in thousandths of an inch per revolution of the spindle. 
The feed of a twist drill is the distance the drill moves into the 
work per revolution of the spindle. Automatic feed is always 
referred to as power feed. A hand lever or handwheel is used on 
manual-type drill presses in which small twist drills are mounted 
for light work. 

Capacity 
Capacity of a drill press is expressed in several ways. Usually, drill 
presses are rated by the distance from the center of the twist drill to 
the column of the machine (Figure 3-6). Some drill presses are rated 
by the distance from the top of the table in its lowest position to the 
tip of the spindle at its highest position. Another rating is given as 
the distance the spindle can travel from its uppermost position to its 
lowest position. Still another rating is the largest straight shank 

Figure 3-6 Note the 
capacity of the bench-type 
sensitive drill. 

twist drill that can be mounted in the drill press spindle or drill 
chuck. 

Types of Drilling Machines 
Several types of drilling machines are in existence. Manual-feed 
drill presses are either light-duty or medium-duty machines. Those 
with automatic or power feed are heavy-duty machines. Drilling 
machines are sometimes classified as either vertical-spindle or 
horizontal-spindle machines and as either single-spindle or multi- 
spindle machines. The multispindle machines are also called gang 
drilling machines. 

Sensitive Drill Press 
These machines can be of either the bench type (see Figure 3-1) or 
the floor type (see Figure 3-2). They are belt-driven, hand-fed drill 
presses. The hand feed of the sensitive drill press permits the opera- 
tor to "feel" the cutting action at the end of the twist drill. A coun- 
terbalanced spindle is moved vertically with a hand lever or 
handwheel. These machines are designed for relatively light work 
with small twist drills, which are prone to breakage under power 
feed. 

Twist drills up to l/2 inch in diameter can be used on the sensitive 
drill press. The end of the spindle is bored for a standard No. 2 
Morse taper, to fit the tapered shank of a drill chuck or a twist drill. 

Variable-Speed Upright Drill Press 
The back-geared drill press (Figure 3-7 and Figure 3-8) has a 
greater range of speeds than the floor-type sensitive drill press. It is 
also larger and equipped with a power feed. The reversing mecha- 
nism on the back-geared upright drill press also permits tapping 
operations. 

Radial Drill Press 
In a radial drill press (Figure 3-9), the vertical spindle can be posi- 
tioned horizontally and locked on an arm that can be swiveled 
about, and raised and lowered on a vertical column. Thus, the spin- 
dle can be placed in any position within its range. The various arm 
and spindle movements are shown in Figure 3-10. Some radial 
drills do not have the last two movements illustrated. 

Because the drilling head is moveable to any position, it is not 
necessary to move heavy work for each hole that is to be drilled. 
Therefore, the radial drill is especially adaptable for work of this 
kind. The radial drill is a heavy-duty drilling machine. It is capable 
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Figure 3-9 A radial drilling machine. (courtesy BU~OIO Forge) 

Figure 3-8 Variable- 
Figure 3-7 A view of a drill press speed drill press. Speed is 
head with the guard in the open adjusted by control 
position. (Courtesy Buffalo Forge) handle on top at eye level. 

of handling work that, because of its weight or size, cannot be 
mounted on a drill press table. 

A radial drill can be equipped with either a plain table or a 
universal tilting table (Figure 3-11). The universal tilting table is 
designed for angular drilling. The table can be rotated through 
360". When several drills are mounted on the same table, the 
machine is called a gang drilling machine (Figure 3-12). 

R A D I A L  

DETAIL. ELEVATION 

Figure 3-10 Note the movements of a radial drill having unlimited 
application or  motion. 



Figure 3-1 1 Radial drill press tables. The plain table is shown (left). 
The universal o r  tilting table (right) can be rotated through 360" and 
tilted through 90". (Counesy Grddrngs and i ews  Machrne Tool Coj 

Figure 3-1 2 A bench-type, six-spindle gang drilling machine 
(Courtesy Bufalo Forye) 
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Summary 
A drill press is a machine commonly used to drill round holes in 
metal or wood. Many operations other than drilling round holes 
can be performed on a drill press. Some of these are sanding, 
counterboring, countersinking, honing, reaming, and tapping. 

Various parts of the drill press are the head, spindle, table, base, and 
feed. The head generally houses the drill motor and the V-belt drive 
assembly. The spindle is the rotating part of the drill and slides up and 
down in a sleeve, which slides on a bearing. The spindle also holds the 
drill chuck, which permits the twist drill to be either fed or withdrawn 
from the workpiece. The table is supported on a column of the drill 
press. The table can be moved both vertically and horizontally to the 
desired working position, or it can be swung around so that it will be 
out of the way. The table also supports the work and is generally slot- 
ted so the work can be clamped or bolted down to prevent movement. 

The feed can be either manual or automatic. Automatic feed is 
always referred to  as power feed. The feed of a drill is the distance 
the drill moves into the work. 

Successful operation of the drill press requires the operator to be 
familiar with all parts. The operator must have an adequate work- 
ing knowledge of the machine itself. The operator must also be able 
to set up the work properly, to  select proper speeds and feeds, and 
to use the correct coolant. There are two types of drill presses, the 
bench type and the floor type. 

The radial drill press can be equipped with either a plain table or 
a universal tilting table. The universal tilting table is designed for 
angular drilling. The table can be rotated through 360". When sev- 
eral drills are mounted on the same table, the machine is called a 
gang drilling machine. 

Review Questions 
I .  Explain the purpose of the drill press. 
2. Name the basic parts of a drill press. 
3. What is meant by the capacity of a drill press? 
4. What is a radial drill press? 
5. How is spindle speed controlled in a drill press? 
6. Why is spindle speed important in a drill press? 
7. Why do you need a drill press vise? 
8. What is the advantage of a back-geared motor drive on a drill 

press? 
9. What is the advantage of a six-spindle drill press? 

10. Where are six-spindle drill presses used? 



Drilling Machine Operations 
Many operations can be performed on the drilling machine. The 
setup for any drilling machine operation should be carefully studied 
and checked before proceeding with the operation. 

Drilling Machine Operations 
Good sound judgment and trial-and-error are important in each drill 
press operation. Hard and fast rules are not practical for operation of 
the drill press because composition and hardness of material, type of 
machine, condition of the machine, condition of the cutting tool, 
lubricant, depth of hole, and many other factors influence the speed 
and feed at which a material can be worked. However, suggestions 
can be used as a guide, and the operator can make intelligent obser- 
vations and adjustment of feeds and speeds for a given operation. 

Drilling 
The chief operation performed on the drill press is drilling, which is 
the removal of solid metal to form a circular hole. Prior to drilling a 
hole in metal, the hole is located by drawing two lines at right 
angles, and a center punch is used to make an indentation for the 
drill point at the center to aid the drill in getting started (Figure 4-1). 

Figure 4-1 Using the center punch. (A) Center punch used t o  make 
an indentation in the workpiece. (B) Indentation should be large 
enough for the point o f  the drill. 
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Figure 4-2 Elements of twist drills. (CourtesyAluminum Co, ofAmerica) 

Newer attempt to start a twist drill without first using a center 
punch to make the indentation for starting the drill point. 

Twist Drill 
Twist drills are used in drilling machine operations. They are usu- 
ally made from carbon steel or high-speed steel. Carbon steel twist 
drills are not suited for high-speed production work. They must be 

operated at lower cutting speeds than twist drills made from high- 
speed steel. 

All twist drills have three major parts: the shank, the body, and 
the point. They are available in many different sizes (see Table 4-1). 
These different sizes are classified as follows: 

I. Fractional: '/&" to 4" X 1/64" increments 

2. Millimeter 

3. Number: 1 to 60, 61 to 80 
4. Letter: A to Z 

Table 4- 1 Decimal and Metric Equivalents of Number, 
Letter. and Fractional Size Drills 

Drill Size Decimal 

0.0135 
0.0145 
0.0156 
0.0160 
0.0180 
0.0200 
0.0210 
0.0224 
0.0240 
0.0250 
0.0260 
0.0280 
0.0292 
0.0310 
0.0313 
0.0320 
0.0330 
0.0350 
0.0360 
0.0370 
0.0380 
0.0390 
0.0400 
0.0410 

Drill Size 

47 
46 
45 
44 
43 
42 
3/3z 

4 1 
4 0 
3 9 
3 8 
37 
3 6 

'/64 

3 5 
3 4 
33 
32 
3 1 
'/a 

3 0 
2 9 
2 8 

%4 

Decimal 

1.9939 
2.0574 
2.0828 
2.1844 
2.2606 
2.3749 
2.3812 
2.4384 
2.4892 
2.5273 
2.5781 
2.6416 
2.7051 
2.7781 
2.7940 
2.8194 
2.8702 
2.9464 
3.0480 
3.1750 
3.2659 
3.4544 
3.5687 
3.5719 

(continued) 
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Table 4- 1 (continued) 

Drilling Machine Operations 55 

Table 4- 1 (continued) 

Drill Size Decimal rnrn Drill Size Decimal rnrn Drill Size Decimal rnrn Drill Size Decimal rnrn 

There are many different kinds of twist drills. Some twist drills 
are designed for specific types of work. A number of different twist 
drills are illustrated, with their specific applications, in Figures 4-3 
through 4-13. 

Figure 4-3 Taper-length, tanged, automotive series, straight-shank 
twist drill regularly furnished with tangs for use with split-sleeve 
drill drivers. (Couaesy Notional Drill ondToo1 CO) 
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Figure 4-4 Straight-shan k, three-flute core drill. (courtesy Natronal Dnll and 7001 CO) 

Figure 4- 1 I Center drill. (Courtesy National Dnll andiool CO) 

Figure 4-5 Straight-shank, four-flute core drill. (Couiteiy Natronal Dnil andiooi CO) 

ning brass, bronze, o r  
other soft materials, particularly on screw machines. Also suitable for 
drilling thin sheet material, because of lack of tendency t o  "hog." (~ourtesy 

Morse Twist Dnll and Machine Co) 

Figure 4-7 Drill used principally for drilling molded plastics. Also used 
for drilling hard rubber, wood, and aluminum and magnesium alloys. 
(Courtesy National Dnll andiool Co) 

Figure 4-8 Low-helix drill used extensively in screw machines 
making parts from screw stock and brass. (Courtesy Natronal Dnll O,J~TOOI CO) 

Figure 4-9 High-helix drill designed with higher cutting rake and 
improved chip conveying properties for use on materials such as 
aluminum, die-casting alloys, and some plastics. (Courtesy Natronal Dnil andiool CO) 

Figure 4- 10 Screw-machine-length straight-shank twist drill. 
(Couiicsy Notioriril Drill uni i  Tool Co) 

Figure 4- 12 Starting drill. (Courtesy Natronal Dnll andiooi CO.) 

Figure 4-13 Oil-hole twist drills for production work in all types of 
materials on screw machine or  turret lathes. (Courtesy Notiorlo1 Dull ondiool CO) 

Before any twist drill is used, care must be taken to  see that the 
twist drill is properly ground. Figures 4-14 through 4-19 illustrate 
the correct and incorrect procedures. 

Figure 4- 14 The two cutting 
edges (lips) should be equal in 
length and should form equal 
angles with the axis of the drill. 
Angle C should be 135" for drilling 
hard or  alloy steels. For drilling 
soft materials and for general 
purposes, angle C should be 1 18". 
(Courtesy Notional Dull andiooi CoJ 
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Figure 4-1 5 A twist drill with 
the lips ground at unequal 
angles with the axis of the drill 
can be the cause of an oversized 
hole. Unequal angles also result 
in unnecessary breakage and 
cause the drill t o  dull quickly. 
(Courtesy Normal Drill and Tool Co) 

Figure 4-1 7 The result of 
grinding the drill with lips of 
unequal angles and unequal 
lengths. (Courtesy Notional Dill1 ar;dTool Co) 

Figure 4- 16 The result of 
grinding the drill with equal 
angles but with the lips unequal 
in length. (Courtesy Nouonol Drill andToo1 Co) 

Figure 4- 18 The lip relief angle 
A should vary according t o  the 
material t o  be drilled, and 
according to  the diameter of the 
drill. Lesser relief angles are 
required for hard and tough 
materials than for soft, free- 
machining materials. (Courtesy National 

Drdl and Tool Co.) 

Drilling Suggestions 
The operator should check to make 
certain that the drill point has started 
properly before the drill has cut too 
deeply. Frequently, the drill point fails 
to seat properly in the punch mark, 
and a small hole is made off center. 

The operator should use layout Figure 4-19 The chisel- 
lines and layout circles so that he can point angle B increases or 

determine whether the twist drill is decreases with the relief 

making a hole concentric with the angle and should range from 

layout circle at the start and is going 1 15" to  135"- (courtesy National 

properly. If the small hole made by DriJlandTOOIC~J 

the drill is not concentric with the lay- 
out circle, the drill should be withdrawn. A cape chisel can be used 
to cut a groove, or several grooves, on the side toward which the 
drill should be moved so that the drill can be "drawn" back to the 
center of the layout circle. It is too late to shift the twist drill point 
without marring the workpiece, after the drill has begun to cut its 
full diameter. 

After the mounted work is placed on the worktable of the drill 
press, the worktable should be adjusted to a convenient height for 
drilling, considering both the length of the twist drill and drill- 
holder. The height of the spindle should be adjusted to provide the 
shortest distance for feed of the twist drill to the work. 

After the proper speed has been determined, the machine can be 
started and the twist drill lowered to the work. The drill should be fed 
to the work slowly until the metal has been penetrated by the point of 
the drill. Then, a check should be made to see that the drill has started 
properly. 

Feed and Speed 
In drilling holes with a small diameter, the danger of twist drill 
breakage is very great unless the feed and speed are given careful 
attention, especially at the moment the point of the drill breaks 
through the other side of the work (Figure 4-20). In general, high 
speed and light feed are recommended. It is better to err on the side 
of too much speed than to err on the side of too much feed (except 
for cast iron, which permits an unusually heavy feed). Speed can be 
increased to the point where the outside corners of the twist drill 
show signs of wearing away. Speed can then be reduced and main- 
tained at the reduced speed. Recommended drilling speeds can be 
obtained from Table 4-2. 
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Figure 4-20 Performing small-hole drilling on the Bickford radial 
drilling machine. Drills and taps as small as36  inch (0.1875) and 'A inch 
(0.250) can be handled at high speeds. (Courtesy Giddings and Lewis Moihine Tool Coj  

Table 4-2 Recommended Drilling Speeds for Materials 
(High-speed Drills) 

Material 
Recommended Speed in Surface 
Feet per Minute, ft2/min. 

Aluminum and alloys, brass and 
bronze, soft 

Bakelite 
Plastics 
Bronze, high tensile 
Cast iron, chilled, steel, stainless 

(hard) 
Cast iron, hard 
Cast iron, soft 
Magnesium and alloys 
Malleable iron 
Monel, metal 
Nickel 

7 
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Table 4-2 (continued) 

Material 

Steel, annealed (.4 to .5 percent C) 
Steel, forgings, wrought iron, steel, 

tool 
Steel, machine (.2 to .3 percent C) 
Steel, manganese (15 percent Mn), 

slate, marble 
Steel, soft 
Steel, stainless (free machining) 
Wood 

Recommended Speed in Surface 
Feet per Minute, ft2/min. 

60-70 
50-60 

Too much speed is indicated if the twist drill chips out a t  the cut- 
ting edge (Table 4-3). This is a certain indication of either too  heavy 
feed or  too  much lip clearance (Figure 4-21). If the twist drill splits 
u p  the web, too  much feed for the amount of lip clearance is indi- 
cated. Either the feed should be decreased or  the lip clearance 
should be increased-or both actions mieht be used t o  remedv the " 
difficulty. Also, too  much lip clearance a t  the center (or  a t  any other 

Figure 4-2 1 Using a 
Bickford radial drilling 
machine t o  drill a 1 33/64- 
inch (1.5 156) hole in a 
welded all-steel frame for a 
3-ton electric hoist. Feed is 
0.025 inch per revolution 
at 175 rpm. (Courtesy Gldd~ngs and 

Lewis Machine Tool Co) 
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point on the lip) can cause the cutting lips to chip. Therefore, if the 
twist drill is properly ground, decrease the feed to eliminate these 
conditions. 

Precision drilling is required when two or more holes have been 
laid out in specific relationship to each other and the holes must be 
drilled accurately to layout marks. Templates, jigs, and fixtures are 
all used in precision drilling. This also includes drilling holes to a 
specified depth. 

Drilling on Automatic Machines 
High speeds and light feeds are especially recommended for auto- 
matic drilling machines where the holes do not exceed four drill 
diameters in depth. A small, compactly rolled chip is desirable. If 
possible, the chip should be kept unbroken for the entire depth of 
the hole, as such a chip feeds out through the flutes more easily. 
If the drill appears to be functioning well but the surface of the 
hole is rough, a dull twist drill is indicated, and it should be 
resharpened. 

Controls 
Most automatic drilling machines are controlled from a handy 
push-button control station. Coolant, spindle jog, spindle drill, and 
drill-tap operations are controlled by selector switches. Push but- 
tons are used to control cycle start, spindle start, emergency spindle 
returns, and motor stop functions (Figure 4-22). The "jog" switch 
is provided for setups. The "on" position on the "jog" selector 
switch permits jogging the spindle downward-using the "cycle 
start" push button, or positioning the spindle with the handwheel 
on the lower part of the head. The "dwell" switch causes the spin- 
dle to pause at the bottom of the feed stroke for a period of time 
preset by the electric timing switch on the control panel. The 
"dwell" switch is noneffective in the tapping cycle. The "drill" 
position on the "drill-tap" selector switch causes the spindle to turn 
in the forward direction at all times. Set in the "tap" position, the 
spindle runs in the forward direction at the start of the cycle, 
reverses automatically when the bottom limit is reached, and then 
stops at the top of the travel (see Figure 4-22). 

Depth of feed, upper limit of spindle travel, and start of power 
feed may be controlled by limit settings. Dial-type limit settings are 
used on some machines (Figure 4-23). The limit settings are quickly 
set on large concentric selector dials. The inner dial limits the return 
spindle stroke, the intermediate dial determines the disengagement 
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Figure 4-22 Control station on 
Bickford upright drilling machine, 
used to  control all machine 
functions. (Courtesy Giddrngs ond iewrs 

Mnchrne Tool Co) 

of the rapid traverse and instantaneous engagement of the power 
feed, and the large outer dial determines the final depth of the tool. 

Automatic Cycling 
For automatic-cycle drilling, the spindle is advanced to the point set 
on the intermediate dial by depressing the "cycle start" button. The 
spindle advances at power feed to the depth setting determined by 
the outer dial. Then, rapid return is effected to the upper spindle 
position, determined by the inner dial, to complete the cycle (see 
Figure 4-23). 

For automatic-cycle tapping, the spindle is rapidly advanced to 
the point set on the intermediate dial and continues at the tap lead 
rate to the depth determined by the outer dial. At the bottom limit, 
the spindle reverses, and the tap is retracted at the tap lead rate, 
until the tap is free of the work and returns to the upper limit at the 
rapid travel rate; spindle rotation stops, completing the cycle (see 
Figure 4-23). 

Tapping 
The drill press can be used as a means of tapping (or cutting threads in 
a drilled hole). Precision had t app ing  can be performed on the drill 
press with the work mounted on the drill press table in the position as 

I 

Figure 4-23 Dial-type limit-setting controls used on the Bickford 
upright drilling machine. (Courtesy Grddings ond Lewis Mochrne Tool CO.) 

for drilling the hole. A tap wrench is mounted on the square shank 
of the hand tap, and a lathe center is mounted in the hollow spindle 
of the drill press. Then, the tap is placed in the hole in the work- 
piece, and the point of the lathe center is placed in the center hole in 
the shank end of the tap. The hand-feed lever of the drill press is 
used to maintain steady pressure without forcing the hand tap, 
because the tap wrench is used to turn the tap into the work. 
Actually, the drill press is used, in this instance, chiefly as a guide for 
precision hand-tapping. 

A tapping attachment can be used on the drill press. A friction 
clutch is built into the device. If a tap sticks, jams, or reaches the 
bottom of a blind hole, the clutch will slip before the tap will break. 
Raising the spindle of the machine permits a reversing mechanism 
in the tapping attachment to back out the tap without breaking it. 
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Automatic drilling machines can be equipped with one of three 
types of tapping devices: 

Friction-type tapping attachment 
5 Motor-reverse control operated by a small lever control 

Automatic reverse feed handle control 

The friction-type tapping attachment is usually preferred to 
motor-reverse tapping for high-production work (Figure 4-24). 
Continuous motor reversals are not advisable for continuous oper- 
ation on machines with back gears and power feed (Figure 4-25). 
Also, small taps, up to 3/s inch, used for high-production work, per- 
form better on the friction-type tapping attachment (Figure 4-26). 

Countersinking 
The operation in which a cone-shaped enlargement is formed at the 
end of a hole is called countersinking. A conical cutting or reaming 
tool is used to taper or bevel the end of the hole (Figure 4-27). 

The countersinking operation involves fastening the workpiece 
properly, mounting the countersink in the drill chuck, aligning the 
countersink with the work, selecting the correct spindle speed, and 
using care in feeding the countersink to the work. The countersink 
should be rotated at a relatively slow spindle speed, using cutting 
oil for a smooth job in steel. Failure to clamp the work properly, a 
dull tool, or excessive spindle speed can be the cause of a rough 
countersinking job. 

Counterboring 
The operation in which a hole is enlarged cylindrically partway along 
its length is called counterboring. A counterboring tool is used to 
enlarge the diameter of the hole to accommodate a stud, bolt, or pin 
having two or more diameters-for example, a filister-head screw. 

The counterboring tool (Figure 4-28) must be properly aligned 
with the original hole so that the pilot on the end of the counterbore 
will fit into and follow the original hole properly. The size of the 
enlarged hole is produced by the cutting edges on the counterbore. 

Spot-Facing Operation 
Another operation similar to counterboring is the spot-facing oper- 
ation (Figure 4-29). Just enough metal is removed to provide a 
bearing surface for a washer, nut, or the head of a cap screw. The 
spot-facing tool should be mounted in the drill press spindle, and 
the pilot of the spot-facing tool should be aligned with the original 
drilled hole (Figure 4-30). 

Figure 4-24 Older type of motor  reversing mechanism used for taps 
' /2 inch t o  I inch in diameter. A magnetic reversing control, actuated 
by a lever station mounted on the spindle arm, is used t o  reverse the 
rotation o f  the motor. (courtesy Buf& Forge) 
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Figure 4-25 Automatic feed handle 
power feed (right). (courtesy Buffalo Forge.) 

reverse tapping control (left) and 

Figure 4-26 Using a Bickford radial drilling machine t o  tap a 5-inch 
bore in a motor housing. (Couitesy G~ddings ond Lewis Mochme TOO\ CO.) 
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Figure 4-27 Machine countersink. The included angle is 82". 
(Courtesy Morse Twist Dnll and Machme Co.) 

Figure 4-28 Older model o f  straight-shanked machine-screw 
counterbore. (Courresy lvloise TWISI Drill ond Mochlne Coj  

Figure 4-29 A spot-facing machine built t o  handle large forgings 
and castings. This machine is equipped with a coolant system and 
a foot feed. (courtesy BU~OIO Forge.) 
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Figure 4-30 Inverted drill 
press head for routing or  back 
spot-facing operations on the 
drill press. (Courtesy BU~OIO F o p )  

Reaming 
The reaming operation is used to  accurately size and finish the 
inside of a hole. Reaming is used to  make a drilled hole more accu- 
rate and smoother. A hand reamer can be used to  finish a hole to 
the exact dimension. A hole should be drilled l/64 inch undersize 
and then machine reamed to obtain an accurate smooth hole of 
standard size. If the blueprint should call for a M-inch ream, a 
twist drill 1/64 inch under '/z inch should be used to drill the 
original hole. 

Machine reaming can be performed in the drill press by substi- 
tuting the correct size of reamer for the twist drill in the drill press 
spindle without changing the mounting position of the work or 
removing it. The correct spindle speed for machine reaming is 
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approximately one-half the drilling speed. The automatic feed can 
be used for reaming. 

The slight taper at the end of a reamer is provided to facilitate 
entry of the reamer into the hole, and the reamer should be 
extended through the hole a distance of at least 11/2 inches to pro- 
duce the accurate size. The reamer should never be rotated in the 
reverse direction, because the edges may be broken or dulled. 

Grinding and Buffing 
The drill press can be used for simple grinding and buffing opera- 
tions. The work can be held in a drill press vise with a cup-grinding 
wheel mounted in the chuck. 

A burring or polishing operation 
can be performed by mounting a 
buffing wheel in the chuck. The work 
should be held securely. 

Other Operations 
Many drill presses can be adapted for 
mortising operations by means of a 
mortising attachment (Figure 4-31). 
The attachment usually fits over the 
chuck, and the fence and hold-down 
are mounted on the table. A M-inch- 
square hole is usually the maximum 
capacity for a mortising attachment 
on the drill press. Trepanning and bor- 
ing operations can also be performed 
on the drilling machine (Figure 4-32). 

Figure 4-3 1 Mortising 
attachment for a drill press. 
(Courtesy Bufalo Forge.) 

Holding Devices 
Drill presses and drilling machines 
require two types of holding devices: devices for holding the tool or 
cutter, and devices that secure the workpiece in a properly mounted 
position for drilling, tapping, and so forth. 

Tool or Cutter Holders 
Most cutting tools have either a straight shank or a taper shank. 
Most drill presses are equipped with a Morse taper spindle. 
Straight-shank drills are held in a chuck. 

Chucks 
Many styles of chucks for a variety of purposes are manufactured 
(Figure 4-33 and Figure 4-34). The drill press chuck has a Morse 
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Figure 4-32 Using Bickford radial drilling machine for trepanning, 
boring, and tapping operations. Feed of 0.050 inch per revolution is 
used for boring and trepanning. Pipe tapping can be performed at 22 
rpm. (Courtesy Giddings and Lewis Machine Tool Co.) 

taper on the chuck shank. The tapered shank fits into the drill press 
spindle. Three small jaws in the chuck tighten simultaneously to 
hold the straight-shank twist drills, which are ?h inch and smaller in 
diameter. 

Sleeves and Sockets 
A tapered drill sleeve is used to hold taper-shank twist drills that are 
too small for the tapered hole in the spindle of the drill (Figure 
4-35). The hole inside the sleeve is tapered to fit the tapered shank 
of a twist drill. The outside of the sleeve has a Morse taper to fit the 
hole in the spindle. The tanged end fits into the slot in the spindle. 

A drill socket is used to hold twist drills with shanks too large to 
fit into either the drill press spindle or a sleeve (Figure 4-36). It also 
has a tanged end to fit into the slot in the drill press spindle. 

A tapered key or drill drift is used to  remove twist drills, sleeves, 
and sockets from the drill press spindle (Figure 4-37). These drifts 

Figure 4-33 Ball-bearing chuck (left) and cutaway (right), mounted on 
either straight- o r  taper-shank arbors for use on drilling machines and 
other industrial equipment. (Courtesy]acobs Monufactunng co) 

Figure 4-34 Albrecht keyless chuck (left) and cutaway view (right), 
used on high-speed sensitive drilling machines and other industrial 
equipment. (Courtesyjacobs Monufactunng C ~ J  
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Figure 4-35 Morse tapered nylon sleeve. The nylon sleeve is designed 
t o  give way under heavy loads before stress can ruin the drill. High 
resiliency helps prolong life o f  tools and equipment by absorbing 
deflections caused by loose spindles, excessive overhand, and dull tools. 
(Courtesy Morse Twist Drill and Machine Co) 

Figure 4-36 Steel socket used t o  hold twist drills with shanks t o o  
large t o  f i t  into either the drill press spindle o r  a sleeve. 
(Courtesy Natronal Twist Drill and Tool Co) 

Figure 4-37 Drill drift used t o  remove twist drills, sleeves, and 
sockets from the drill press spindle. (Courtesy National ~ ~ 1 s t  Drill andToo1 CO.) 

are made of tool steel and hardened. The drift is driven through the 
slot in a sleeve or socket to remove a taper-shank twist drill. 

Work Holders and Setup Devices 
The workpiece must be securely fastened to give satisfactory and 
safe results. Mounting and supporting the workpiece properly are 
extremely important. Of course, the layout work must be done 
properly, but the correct procedure for making setups and for oper- 
ating the drilling machine must be followed carefully for satisfac- 
tory results. 

Vise 
A drill press vise is used to hold and support the work on the drill 
press table. A vise with a graduated swivel base is shown in Figure 
4-38. An air-hydraulic vise is used on high-production machines 
(Figure 4-39). A combination table and vise for drilling machine 
operations is shown in Figure 4-40. 

Figure 4-38 A Clausing machine vise with graduated swivel base. 
(Courtesy Atlas Press Co) 

Figure 4-39 A n  air-hydraulic vise. (Courtesy W~lton iooi Manufacturing GO., inc) 

Parallels 
These accurately machined bars are made in pairs. Parallels are 
used to  raise the work above the drill press table so that the part 
can be drilled completely through without damage to either the vise 
or the table. Parallels should be placed carefully so that the twist 
drill will not damage them after completing its passage through the 
work (Figure 4-41). 
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Figure 4-40 Combination table and vise for drilling machine 
operations. Note how the speed is changed manually. (Courtesy BU~~OIO Forge) 

Round stock can be securely clamped with V-blocks for drilling 
(Figure 4-42). Care must be taken and the work clamped securely. 
Otherwise, the operator can be injured when the twist drill takes 
hold in the workpiece, causing the work to swing around. 

Figure 4-4 1 Using parallels in the drill press vise. 

Figure 4-42 V-blocks and 
clamps made in pairs for use 
where extremely accurate 

-.. .. settings are desired. 
'-,. .-., (Courtesy iufkrn Rule Co.) 

Angle Plate 
The angle plate is useful when it is desirable to drill a hole parallel 
to another surface. The angle plate is usually made of cast iron, and 
holes and slots are provided for clamping it to the machine table to 
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Figure 4-43 Angle plate. 

secure the work. It is planed on two sides to an angle of exactly 90" 
(Figure 4-43). 

T-Bolts 
These bolts are placed in the T-slots provided in the table. Either 
the workpiece or the vise can be securely fastened to the table 
(Figure 4-44). 

CUT-AWAY 
SQUARE HEAD 1-BOLT TONGUED BLOCK 

Figure 4-44 Common types of T-bolts: square head; cutawayT-bolt; 
tongued block. 

Straps or Clamps 
An assortment of straps or clamps can be used to clamp workpieces 
to the table. The clamps should be made of a good grade of steel to 
prevent bending under pressure (Figure 4-45). 

Figure 4-45 Common types of straps or clamps: (A) flat strap; 
(B) U-strap; (C) goose-neck strap. 

Step Blocks 
A step block is used to support the end of a clamp or strap opposite 
the work. These blocks are usually made of a good grade of steel 
and are usually made in pairs (Figure 4-46). A step block is useful 
as an aid to keeping the strap level when fastened to the work. 

Safety 
Any movement of either the workpiece or the table can cause the 
twist drill to break and result in injury to the operator. The 

Figure 4-46 Step block. 
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workpiece must be clamped securely and rigidly (Figure 4-47). 
Bolts should be just long enough and should be placed as near the 
work as possible. Clamps and blocks should be of correct height 
and size, and washers should be used on all nuts. Many injuries 
have been caused by attempting to  hold the work with the hands. 
The operator should always make certain that the work is clamped 
securely. 

T-SLOT BOLT 

STRAP CLAMP 

Figure 4-47 Typical setup in preparation for  drilling in round stock. 

Summary 
The chief operation performed on the drill press is drilling. Drilling 
is the removal of solid metal to form a circular hole. Prior to 
drilling a hole in metal, the hole is located by drawing two lines at 
right angles, after which a center punch is used to make an indenta- 
tion for the drill point at the intersection of the two lines to aid in 
starting the drill. 

The operator should check to make certain that the drill point 
has started properly before the drill has cut too deeply. It is too late 

to  shift the twist drill point (without marring the workpiece) after 
the drill has begun to cut its full diameter. After the work is placed 
on the worktable of the drill press, the table should be adjusted to a 
convenient height for drilling. 

Many drill presses can be adapted for mortising operations by 
means of a mortising attachment. The attachment usually fits over 
the chuck, and the fence and hold-down are mounted on the table. 
Trepanning and boring operations can also be performed on the 
drilling machine. 

Review Questions 
I. What type of operations can be performed on a drill press? 
2. What is the purpose of a center punch? 
3. Name the parts of a twist drill. 
4. What are the decimal and metric sizes of a No. 78 drill bit? 
5. What is the decimal and metric equivalent of an "A" drill bit? 

6. Why is speed important in a drilling operation? 
7. What are the results of a drill bit with unequal lips? 
8. High speeds and light feeds are especially recommended for 

drill diameters in depth. 
9. Most automatic drilling machines are controlled from a 

handy push-button station. 
10. The drill press can be used as a means of or cutting 

threads in a drilled hole. 
I I .  Name the three types of tapping services for automatic 

drilling machines. 
12. What is an inverted drill press used for? 
13. What is counterboring? 
14. What is spot facing? 
15. What is mortising? 
16. What is a chuck? 
17. What is a drill drift? 
18. Identify the following: vise, parallels, V-blocks, angle plate, 

T-bolts, step blocks. 
19. What are straps and clamps used for in drilling? 
20. Why should you not hold work by hand when drilling? 



Vertical Boring Mills and 

The vertical boring mill is virtually equivalent to a lathe turned on 
end so that the faceplate is horizontal, omitting the tailstock. The 
table of the boring mill corresponds to the faceplate of the lathe. It 
is more convenient to clamp heavy work to the horizontal table of 
the mill than to the vertical faceplate of the lathe. 

Although the vertical boring machine is adapted to boring and 
turning operations on work that has a diameter or width greater in 
proportion than its length, the horizontal boring machine is 
adapted to drilling, boring, and machining operations on work that 
has a diameter or width smaller in proportion to its length. 

Vertical Boring Mill 
The machine is adapted to boring and turning heavy work that has 
a larger diameter than its width or height. As on the lathe, the work 
turns-the only movement of the tool being caused by its feed. 
More than one tool can be used at a time. The feed is such that the 
cutting tool can be given horizontal, vertical, or angular movement. 
Thus, the work can be faced parallel with the table, bored, or 
turned cylindrically or conically. 

The work can be either held in a chuck or clamped directly to 
the table. If the work has an irregular shape or size, clamping it to 
the table is more desirable. If a piece is to be machined on both 
sides, the previously machined surface can be placed on the table 
for more accuracy. On production work, special fixtures can be 
used to set up the work more quickly. 

Classification 
Boring mills are used for various purposes-drilling, reaming, 
chamfering, counterboring, and so on. They can be classified by the 
number of rams (either single yam or double ram), and they are 
available as either single- or double-station units (Figure 5-1). 

Vertical boring mills are easy to load, especially for handling 
awkward parts. All stations are readily accessible front stations, 
making it easy for one operator to handle several machines. The 
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Figure 5- 1 A vertical 
boring machine. (courtesy Heold 

Mochrne Co i 

vertical mills also save space because their bulk extends upward 
into unused space, and they can be lined up close to each other. 

The size of a boring mill is designated by the size of the table. For 
example, a 72-inch mill has a table that is 72 inches in diameter. As 
for the engine lathe, the size designation is called the swing. 

Basic Construction 
'The basic units of the boring mill are the slide and the boring head. 
These components can be arranged in almost limitless combina- 
tions to  provide efficient production line operation. 

Slide units in combination with standard wing bases are designed 
to offer wide adaptability. They are rigid and stable, regardless of 
slide position (Figure 5-2). Slides can be mounted on either the right- 
or left-hand side of a transfer line, or as multiple operation units. 

Figure 5-2 Slide unit for a vertical boring mill. (Counesy HeoldMochrne CO) 

The boring head (Figure 5-3) is designed for rotating and feed- 
ing. It can handle almost any drilling, reaming, chamfering, and 
counterboring operation either as a single unit or in multiple spin- 
dle units. A number of the units can be grouped on a single base or 
on separate bases in an automated line. They can be mounted 
horizontally, vertically, or at any angle in any plane. 

Figure 5-3 Boring head unit for a boring mill can be used in either 
single o r  multiple units. (Courtesy Heold Machine CO) 

The table of the boring mill (Figure 5-4) travels on box-type 
ways. Cross slides, steady rests, or workholding fixtures can be 
positioned on the table. The table shown in Figure 5-4 has a 
constant-feed hydraulic system of the locked-feed type to maintain 
constant feed rates. 

Boring Mill Operations 
The vertical boring mill operates on the principle that "it is easier to 
lay down a piece of work than it is to hold it upright," which is 
probably the chief reason for its development. Three general 
methods of fastening the work to the table are as follows: 

Bolts and clamps 

c Chucks 
Fixtures 

Boring 
Holes in castings are usually cored, so it is necessary only to finish the 
rough hole to the required diameter. Usually, a boring tool is used for 
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Figure 5-4 The table of the boring mill is mounted on hardened and 
ground box-type ways with hold-downs.Table travel is accurate even 
under heavy cuts. (Courtesy Heaid Machine CO.) 

small holes. Its shank is held in either a ram or a turret. Sometimes a 
shell drill with four flutes can be used. A very light finishing cut can 
be taken with a reamer for precision work (Figure 5-5). 

SHEU D R l U  

I 

ROUGH CORED SURFACE VERY LIGHT CUT 

Figure 5-5 Boring small-cored holes with a shank cutter (A), with a 
shell drill (B), and finishing with a reamer (C). 

For large holes, the tool can be held in a tool head or holder on 
the end of a ram (Figure 5-6) .  Several types of boring tools are 
available. The boring tool can be of a horizontal type or a bent type 
(see Figure 5-6).  Cast iron is usually finished with a broad, flat tool. 

Figure 5-6 Boring a large hole with the bent tool held in a toolholder. 

Holding the Work 
Properly setting and fastening the work on the table is important in 
any boring mill operation. If the work to be bored is an irregular 
piece, it can be fastened to the table by the bolt and clamp method 
(Figure 5-7 and Figure 5-8) .  

The large hole in the work must be centered accurately with the 
center hole in the table. Because the hole to  be bored is larger than 
the hole in the table. the work must be elevated above the table sur- 
face to provide clearance for the cutting tool at the lower end of the 
bore. This can be accomplished by means of parallel blocks (see A 
and B in Figure 5-8) ,  but distance sleeves threaded on the bolts (see 
E and F in Figure 5-8)  are preferable. 

The upper surface of the work should be parallel with the sur- 
face of the table. This can be adjusted in several positions by mak- 
ing adjustments with the parallel blocks (see C and D in Figure 
5-8) .  As the workpiece has a hole at each end, it can easily be fas- 
tened to the table by the bolts E and F. The bolts are placed in the 
T-slots of the table and passed through the end holes in the work, 
and the nuts are turned down firmly onto washers resting on the 
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Figure 5-7 An irregular workpiece to be fastened to the worktable of 
the boring mill. 

WASHERS 

Figure 5-8 Using bolts 
and clamps to  clamp an 
irregular workpiece to the 

T-SLOT worktable. 

work. The concentric distance sleeves are preferable to the offset 
parallel blocks. 

To determine whether the hole has been centered properly, fasten 
a scriber to the toolholder with its point near the circumference of 
the hole to be bored. Rotate the table slowly, and the scriber will 
indicate whether the hole has been centered properly for the 
operation. 

If there are no holes at the end of the work, it can be fastened to 
the table with bolts and clamps (see G, H, I, J in Figure 5-8). The 
outer end of the flat plate clamps rests on the blocks (see K, L, M, N 
in Figure 5-8) at the proper height, as shown in detail in Figure 5-9. 

CUMP 

TABLE J 
\ 
T-SLOT 

Figure 5-9 Detail drawing of a workpiece fastened to the worktable 
by means of bolts and clamps. 

Turning 
Although the machine is called a vertical boring mill, it can be used 
more for turning than for boring operations, especially for work- 
pieces that require both turning and boring. The kinds of turning 
operations that can be performed on the boring mill are flat 
(facing), cylindrical, and conical. 

Flat and Cylindrical Turning 
A flywheel can be machined on the boring mill to illustrate both flat 
and cylindrical turning. Fastening the work to the table by chuck- 
ing can also be illustrated. 

Chucks that are built into the table are usually of the combination 
type (that is, the jaws have both universal and independent adjust- 
ment). The chuck jaws should be set against the interior surface of 
the rim, because the rim can be faced and turned at one setting. 
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To avoid the risk of the flywheel slipping in the chuck because of 
the tangential thrust of the cutting tool, place the wheel in the chuck, 
if possible, so that one spoke will bear against one of the chuck jaws. 
If this is not feasible, use a driver bolted to one of the T-slots. The 
driver can be an angle plate or any device that will prevent slippage in 
the chuck jaws. If a multistep inside the chuck jaws is used, the wheel 
can be clamped on the lower step to permit enough clearance above 
the table for the tool to turn the entire face without resetting (Figure 
5-10 and Figure 5-11). 

CHUCK JAW TOOWOLDER I 

' TOOL 

I I 

Figure 5- 10 Chucking a flywheel inside the rim. Also, machining by 
cylindrical turning on a boring mill. 
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chuck jaws can be removed and the finished side of the rim placed 
on the table to ensure parallelism for the last operation. After the 
flywheel has been turned over, it can be centered by means of a plug 
inserted in the hole of the table. The upper section of the plug 
should be of proper size to fit the hole in the flywheel, which is 
clamped against the spokes. 

Conical Turning 
Usually, the saddle that carries the ram is arranged to swivel on a 
central stud by turning the angular adjustment gear, which consists 
of a worm and segment. Provision is usually made for swiveling the 
ram to 45" on either side of the vertical; the amount of swiveling is 
indicated on a graduated scale. The worm and segment also act as a 
lock to prevent tipping and to permit turning the ram to any angle 
within its range. If a desired taper or conical surface is given in 
degrees, the ram can be set by means of a scale. 

To turn a taper or a conical surface, swivel the ram to the given 
angle, and use the vertical feed. A setup for turning a gasoline 
engine flywheel having an inside conical surface for a cone clutch is 
shown in Figure 5-12. The flywheel is held by a chuck and should 
be centered accurately, and the ram should be swiveled to the cor- 
rect angle for the conical surface. The vertical feed should be set to 

SET TO ANGLE 

TAPER ANGLEA 

SWIVEL BY 
TURNING WORM 

I FLYWHEEL 

TABLE 

Figure 5-1 1 Facing the side of the rim of a flywheel. This shows flat 
turning on a boring mill. 

After the tool has faced the rim. it is moved over to face the hub. ---..- ~ - - - ~  - - - - -  ~- 

Then the hole for the shaft is bored, and the flywheel can be turned 
over so that the other side of the rim and hub can be faced. The 

CONICAL SURFACE 
>L%WORK 

I I I I 

LS !i!l 
TABLE 

Figure 5- 12 Machining the flywheel of a gasoline engine. This shows 
conical turning on a boring mill. 
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feed downward, starting the cut from the top. Take a first cut that 
will leave a smooth surface for checking with a taper gauge. 

The taper gauge should be placed across the center and held 
square with the work. If the taper is correct, light cannot be seen at 
any point between the gauge and the conical surface. Take a second 
roughing cut, and check again with the taper gauge. If the angle is 
incorrect, the angular adjustment setting must be changed. 

After the correct setting has been obtained, take the first finish- 
ing cut, leaving about 0.010 inch of metal for the last finishing cut. 
A finishing tool should be used for the last cut, and precautions 
should be taken not to remove too much metal. It is a good practice 
to take several light finishing cuts, checking with the gauge after 
each cut until the correct size is obtained. 

Conical Turning by Combination of Vertical and Horizontal Feeds 
If the angle of a conical surface is greater than the angular range of 
the ram, another means of machining must be used. Simultaneous 
use of both the vertical and the horizontal feeds can be made to 
achieve the correct angle. Angular adjustment of the head is neces- 
sary; the proper setting involves a trigonometrical calculation. 

According to F. D. Jones, the calculation can be made as follows: 

I. Suppose a conical casting is to be turned to an angle of 30" 
(Figure 5-13). The toolhead of the boring mill moves horizon- 
tally at 0.25 inch per revolution of the feed screw, and it has a 
vertical movement of 0.1875 (which is 3/16) inch per turn of 
the upper feed shaft. 

2. If the two feeds are used simultaneously, the tool will move a 
distance h of, perhaps, 8 inches while moving downward a 
distance v of 6 inches, thus turning the surface to an angle y. 
This angle is greater (as measured from a horizontal plane) 
than the angle required. However, if the tool bar is swiveled to 
an angle x, the tool (as it moves downward) will also be 
advanced horizontally, in addition to the regular horizontal 
movement. 

3. As a result, the angle y is diminished, and if the tool bar is set 
over the correct amount, the conical surface can be turned to 
an angle a of 30". Then, the problem is to determine the angle 
x for turning to a given angle a. 

The calculation for the angle x is explained in connection with 
the diagram in Figure 5-14, which shows half the casting. Use a 
calculator to obtain accurate results. 

Figure 5-13 Combination of the vertical and horizontal feed 
movements in turning a conical surface on the boring mill. 

I .  The sine of the known angle a can be found in a table of 
natural sines. The sine of angle b, between the taper surface 
and the centerline of the toolhead, can be determined by the 
following equation: 

sin a X h 
sin b = 

v 

in which h represents the rate of the horizontal feed and v 
represents the rate of the vertical feed. 

2. The angle corresponding to sine b can then be found in a table 
of sines. Thus, both angles b and a are known, and by sub- 
tracting the sum of these angles from 90°, the desired angle x 
can be obtained as follows: 
a. sine of 30" = 0.500 

b. sine of b = 
0.500 X 0.25 

= 0.666 
0.1875 

c. angle b = 41.759", and angle x = 90" - (30" + 41.759") 
= 18.241" 



94 Chapter 5 Vertical Boring Mills and Horizontal Boring Machines 95 

Therefore, to  turn the casting to  angle a in a boring mill hav- 
ing the horizontal and vertical feeds given, the toolhead 
should be set over 18.241" from the vertical. 

3. If the required angle a were greater than angle y, obtained from 
the combined feeds with the tool bar in a vertical position, the 
lower end of the tool bar would swing to the left rather than to 
the right of the vertical plane. When the required angle a exceeds 
angle y, the sum of the angles a and 6 is greater than 90°, so that 
the angle x for the toolhead is equal to (a + 6) = 90". 

CENTER Ll  NE 
OF TOOLHEAD 

Figure 5-14 Diagram showing a method of obtaining the angular 
position of the toolhead for turning a conical surface by combining the 
vertical and horizontal feed movements of the boring mill. 

Horizontal Boring Machine 
The horizontal boring machine is very efficient for certain kinds of 
operations because nearly all the machining operations can be 
completed with just one setting on the machine (Figure 5-15). 

Classification 
Horizontal boring machines can be classified according to their 
method of holding the work (that is, either table-type or floor-type 

Figure 5-1 5 A horizontal boring machine. These machines can be 
used to machine large heavy work, such as cylinder blocks and large 
pump o r  compressor bodies. (Courtesy HeoldMachme CO.) 

machines). The boring head can be either of the stationary or verti- 
cally adjustable type. The table can be either adjustable vertically or 
nonadjustable vertically. Some special types of horizontal boring 
machines are used for machining railway motors, locomotive 
engine cylinders, and so on. 

Horizontal boring machines are rated according to size by the 
manufacturers, and each manufacturer can use its own method of 
rating. Generally, the size of the machine is given as the largest bar 
that the machine is designed to handle, but this may not be a true 
indication of the size of piece that the machine can handle for 
machining. 

Basic Construction 
Because most horizontal boring machines are designed to machine 
large pieces of work, they usually have the various parts assembled 
on a heavy, substantial bed. The head is mounted on a vertical 
column or post at one end of the bed. 

Vertically Adjustable Head 
The head post provides rigid support for the head in all operating 
positions. The entire head can be moved vertically on the ways of 
the column or head post (Figure 5-16). As the vertical position of the 
head is changed, the outboard bearing also moves up or down; the 
two parts are connected by shafts and gearing. 

The head contains a sleeve in which a boring bar can move lon- 
gitudinally. The bar carries cutters for boring operations, and either 
milling cutters or an auxiliary facing arm can be bolted to the end 
of the sleeve. 
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The end of the boring bar is held in alignment by the outboard 
bearing. The bar can be moved in either direction by hand-feed or 
by power feed. The entire head can be moved vertically on the col- 
umn ways either by hand (to set the bar at the proper height) or by 
power (to feed a milling cutter in a vertical direction). 

A saddle is mounted on the bed ways, and a table is mounted on 
the saddle (Figure 5-17). The saddle can move longitudinally and 
the table has a transverse feed, so the work attached to the table can 
be moved to any position for machining (that is, longitudinally, 
transversely, and vertically). 

Figure 5- 17 The table is mounted on the saddle, and the saddle is 
mounted on the bed ways o f  the horizontal boring machine. 
(Courtesy Bullard Co j  

In actual operation of the boring machine, power is transmitted 
through the speed change gearbox and vertical transmission shaft 
to the head, and finally to the boring bar, causing it to rotate. The 
operator has a choice of many speeds for the work. Either hand- 
feed or power feed can be used for all the different feed movements. 

Vertically Adjustable Table 
In this type of machine, the table, rather than the head, is designed 
to move vertically (Figure 5-18). In the older machines, the spindle 
is cone-driven, and back gears are provided in the same manner as 
on a lathe. 

The head is fixed and cannot be moved vertically, but the spindle 
can be moved longitudinally in the cone by means of a pinion that 
meshes with a rack that traverses the spindle. This movement can 
be effected by either a hand-feed or a power-feed mechanism. 

Because the spindle cannot be adjusted vertically, the work can 
be adjusted for height by raising or lowering the table. This can be 
accomplished by means of worm-driven elevating screws. The 
worms that move the elevating screws are attached to the worm 
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shaft; hence, each elevating screw is moved an equal amount. The 
knee, which carries the saddle and table assembly, traverses the ver- 
tical ways and is held firmly in any desired position by clamps at 
one end and clamp nuts at the other end. 

Horizontal Boring Machine Operations 
In the following methods of machining, examples of drilling, bor- 
ing, and facing operations illustrate machining methods that are 
used on both the vertically adjustable spindle and the nonvertically 
adjustable spindle machines. 

Drilling (Without a Jig) 
A length of cast iron pipe with flanges at both ends is used to illus- 
trate drilling, facing, and boring operations that can be performed 
on the horizontal boring machine (Figure 5-19). The dimensions, 
diameters of the bolt circles, and diameters of the holes are neces- 
sary for machining the piece. 

DRILL 

Figure 5- 19 Working drawing of a length of flanged pipe used t o  
illustrate machining on a horizontal boring machine with a head that is 
vertically adjustable. 

The bolt circles on each flange must be laid out, marking the 
centers with a center punch. The work is mounted on V-blocks in 
the approximate position on the table of the machine, and clamped 
lightly (Figure 5-20). The position of the casting should be shifted 
so that two bolt-hole centers are at the same elevation above the 
table (that is, their scribed axis is horizontal, as determined by 
means of a surface gauge). Then, the casting must be aligned with 
the centerline, or spindle axis, of the machine. 
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Figure 5-20 Setup for fastening and aligning the flanged pipe on the 
table of the horizontal boring machine. 

The boring bar should be passed through the casting and 
mounted in the spindle and outboard bearing. The height of the bor- 
ing bar should be adjusted so that it is centered with the bore verti- 
cally. With the calipers, measure the distance from the bore to the 
boring bar at the horizontal axis, and compare with the distance at 
the other end of the bar. Shift the work until the bore is equidistant 
from the bar at both ends. Recheck the horizontal axis with the sur- 
face gauge, and tighten the clamp bolts firmly. The horizontal axis 
should be trued, because two bolt holes can then be drilled without 
changing the setting of the vertical adjustment of the spindle. 

Remove the boring bar, and place a drill of the proper size in the 
spindle. Use the cross-feed screw to adjust the spindle vertically to 
hole No. 1 (see Figure 5-20), and center the drill with the center- 
punch mark. Start the machine and cut a trial circle. Back off the 
drill and check to be certain that the work is centered properly with 
the drill. Finish drilling the hole (using the spindle feed); then use 
the cross feed to  shift the work, and drill hole No. 2. To drill holes 
No. 3 and No. 4, lower the spindle to the correct height and drill as 
before. A third vertical adjustment can be made to drill holes NO. 5 
and No. 6.  

Thus, the six holes can be drilled with only three vertical settings 
of the spindle. If the axis of the two bolt holes is not exactly 
horizontal, a vertical setting for each hole is necessary. 

Each hole should be spot-faced on the back of the flange so that 
the nuts can bear smoothly on the flange when they are tightened 
on the bolts. Remove the drill and insert a spot-facing bar into the 
spindle. Place the spot-facing bar in the last drilled hole, and insert 
a fly cutter having a cutting length twice the diameter of the hole 
(Figure 5-21). Start the machine and, using slow feed, true or spot- 
face the surface of the flange around the hole. Repeat the operation 
for the other holes. 

FLY CUTTER 

Figure 5-2 1 Detail drawing o f  a spot-facing bar with fly cutter. 

Drilling (With a jig) 
In production work where many pieces are to be machined, a jig can 
save considerable expense because of the savings in time. Also, lay- 
out for each piece is avoided, and holes can be located and drilled 
with precision. The machined pieces are interchangeable and do not 
have to  be fitted when a jig is used to machine them. 

To construct a jig for the flanged piece, the jig must be laid out 
from the given dimensions (see Figure 5-19). When finished, the jig 
layout will appear as illustrated in Figure 5-22. Scribe a horizontal 
axis AB onto the jig and through the centers of the two opposite 
bolt holes, and continue the line BC across the edge of the jig. 
Scribe the axis AB and DE on both flanges of the flanged pipe, and 
continue across the edges of the flange. The axis must be identical 
in its position on both flanges. 
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E I v 
HORIZONTAL AX1 S 

Figure 5-22 Jig (left) and flange layout (right) for machining the 
flanged pipe. 

Mount the flanged pipe on the table of the horizontal boring 
machine, in the same manner as instructed for drilling without a jig, 
making certain that the axis AB is horizontal or parallel with the 
surface of the table. After the work has been aligned carefully and 
clamped securely to the table, place the jig over the flange that is to 
be bored, so that the scribed lines on the edge of the jig register with 
the scribed lines on the edge of the pipe flange. Clamp the jig to  the 
pipe flange (Figure 5-23). If the jig should shift while it is being 
clamped, it should be driven back into position with a lead hammer. 
In drilling, use the spindle feed. Perform the boring operation in the 
same manner as described previously for drilling without a jig. 

SCRIBED LINES 
MUST REG1 S E R  

Figure 5-23 Positioning the jig (left) and clamping the jig to  the flange 
(right). 

Boring 
After all the bolt holes have been drilled, boring and facing opera- 
tions can be illustrated, using the same flanged pipe (Figure 5-24 
and Figure 5-25). Without unclamping the work (because it is 
already in alignment with the spindle axis), mount a boring bar in 
the machine and center it with respect to the pipe bore, using the 
vertical spindle feed and the horizontal table feed. 

I 
WEDGE LOCK 

BORING BAR 

Figure 5-24 A boring bar with a two-end cutter position for 
machining. Detail of the single-end cutter used for finishing is shown 
(lower right). 

A variety of boring tools are available (such as a boring head, 
and single-end and double-end cutters). The selection of boring 
tools depends on the nature of the work, dimension of the bore, 
amount of metal to be removed, and so on. 

Move the table near the tailstock, because the table feed must be 
used. Mount the double-end cutter in the boring bar, and move the 
spindle with the hand-feed until the cutter is placed at the beginning 
of the cut. Lock the spindle feed. The spindle feed should not be 
used for the boring operation, because the machine would bore out 
of true if the bar should become misaligned. 

Take a roughing cut with a double-end cutter that is just the cor- 
rect length to  leave enough metal for the finishing cut (see Figure 
5-24). Use a single-end cutter for the finishing cut. If more than one 
finishing cut is necessary, the final cut should be very light (remov- 
ing about 0.005 inch of metal). Note the shape of the finishing 
cutter in the detail drawing in Figure 5-24. 
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FACING HEAD 
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Figure 5-25 The facing head is rotated by the bar. The star wheel 

STAR-WHEEL FEED F ~ ~ ~ N C  TOOL 

Figure 5-26 Facing head setup for facing the pipe flange. Use a slow 
cutting speed (not more than 35 feet per minute). 

contacts a stop pin clamped on the bed of the machine. As a point of 
the star wheel strikes the stop pin, rotating the wheel, the screw that 
actuates the facing tool is, in turn, rotated. 

- 
In all turning machines, the facing operation is flat turning, in 
which the work is traversed with a cutting tool in a plane perpen- 
dicular to the axis of rotation. A facing head, as shown in Figure 
5-25, can be used. 

The setup for facing the pipe flange is shown in Figure 5-26. 
When mounting the facing head, place it in position to  feed inward 
toward the bar. Clamp a stop pin onto the table in such a position 
as to  engage one of the spokes of the star wheel on each revolution 
of the bar. and feed the cutter across the surface to be faced. 

Take a cut across the flange, deep enough to remove the scale, and 
true up the flange. Then bring the tool back to its original position. 
Bring the work into position for the required depth of cut by means 
of the table feed, leaving enough metal for a light finishing cut. After 
finishing the first flange, transfer the facing head to the other end of 
the casting, and face the second flange in the same manner. 

Summary 
The vertical boring mill is virtually equivalent to a lathe turned on 
end so that the faceplate is horizontal, omitting the tailstock. The 
table of the boring mill corresponds to  the faceplate of the lathe; it 
is more convenient to clamp heavy work to  the horizontal table of 
the mill than to the vertical faceplate of the lathe. Boring mills are 
used for various purposes-drilling, reaming, chamfering, coun- 
terboring, and so on. They can be classified by the number of 
rams as either single ram or double ram, and they are available as 
either single- or  double-station units. The size of the boring mill is 
designated by the size of the table. Three different ways of con- 
necting the work to the table are bolts and clamps, chucks, and 
fixtures. 

The horizontal boring machine is generally classified according 
to its method of holding the work as either a table or floor machine. 
Horizontal boring machines are rated according to size by manu- 
facturers, and each manufacturer can use its own method of rating. 
Generally, the size of the machine is given as the largest bore that 
the machine is designed to handle. 

Most horizontal boring machines are designed to machine large 
pieces of work; they usually have the various parts assembled on a 
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heavy, substantial bed. The head is mounted on a vertical column 
or post at one end of the bed. 

Review Questions 
I .  What makes the vertical boring mill different from the engine 

lathe? 
2. What types of work can be performed on a vertical boring 

mill? 
3. How is the size of a vertical boring mill determined? 
4. What are the three methods of fastening the work to a boring 

mill table? 
5. What is the main difference between a vertical boring 

machine and a horizontal boring machine? 
6. How are horizontal boring machines classified? 
7. What determines the size of a horizontal boring machine? 
8. What are the basic units of the boring mill? 
9. What are the three general methods of fastening work to the 

vertical boring mill table? 
10. What type of tool is used to finish cast iron? 
I I .  Although the machine is called a vertical boring mill, it can be 

used more for than for boring operations. 
12. What is conical turning? 
13. What is a saddle used for on a horizontal boring machine? 
14. How do you drill without a jig? 
15. In all turning machines, the facing operation is 

turning. 



Lathes 
The screw-cutting engine lathe is the oldest and most important of 
all the machine tools. Practically all of our modern machine tools 
have been developed from it. 

Design and Functions 
Although lathes have changed greatly in both design and appear- 
ance, the fundamental principles of design, construction, and oper- 
ation have remained virtually the same (Figure 6-1). Therefore, a 
thorough understanding of the lathe (and the work that can be per- 
formed on it) enables a skilled worker to operate almost any lathe, 
regardless of its age or make. 

The engine lathe produces cutting action by rotating the work- 
piece against the edge of the cutting tool. Lathe work is usually in 
the shape of a cylinder because the lathe produces a surface that is 
curved in one direction and is straight in one direction. The line of 
cut follows a curve (circumference of a circle), and the path of con- 
secutive cuts produces a straight line to form the cylinder. 

Size of Lathe 
The maximum size of work that can be handled by the lathe is used 
to designate the size of the lathe (that is, the diameter and length of 
the work). Usually, the maximum diameter of the work is specified 
first, and the length is specified as the maximum distance between 
lathe centers (Figure 6-2). 

Manufacturers usually use the term swing to designate the size as 
the maximum diameter of the work that can be machined in the 
lathe. Thus, a 16-inch lathe indicates that the machine is designed 
to machine work up to 16 inches in diameter. Manufacturers also 
use the length of the lathe bed, rather than the distance between 
centers, to indicate lathe size. 

The swing of a lathe refers to the nominal swing and not to the 
actual swing of the lathe. The actual swing is the radial distance 
from the center axis to the bed and is always slightly greater than 
the nominal swing. This clearance margin can vary from l/2 inch for 
a small lathe to 1Y2 inches for a large lathe to prevent any projec- 
tion irregularities on the work coming in contact with the lathe and 
resulting in damage. The rated swing of a lathe refers to the lathe 
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1. Headstock and tray 
2 Sp~ndle speed selector dial 
3 Push button panel for start, stop, reverse, and 

coolant pump swttch 
4 .  Electrical compartment 
5 Headstock spindle and spindle nose 
6 Ways 
7 .  Saddle (a component of the carriage assembly) 
8. Compound rest dlal (d~rect reading) and adjust- 

Ing handle 
9. Compound rest la component of the carriage 

assembly 
10. Back tool rest (par1 of cross s l~de j  
11. Carriage system 
12. Coolant system 
13. Taper attachment bracket 
14. Taper attachment clamp 
15. Dead center i n  tailstock 
16. Tadstock spfndle 
17  Tailstock spindle clamp 
18. Tallstock and tray 
19  Tailstock handwheel 
20  Guard or cover for motor drive and gear tram 
21 Storage compartment 
22. Leveling screw 
23. Quick-change gear box and levers for sett l~ng 

lead and feed gears. 

24. Oil shot system 
25 Revers~ng lever for lead and feed 
26. Headstock start and stop lever (two levers) 
27 Bracket and clutch stop for longltudinal feed 
28. Stop clamp for long~tud~nal  feed 
29. Rack for longitudinal feed 
30 Handwheel for longltudinal feed 
31 Longitudinal power feed engaglng lever 
32. Dial indicator (d~rect reading) and adjustmg 

handle for cross sllde 
33. Cross sltde power feed engaging lever 
34. Crosssl~de(acomponentofthecarriageassem- 

blyl 
35. Apron (a component of the carrlage assembly) 
36. Half-nut engaglng lever for thread~ng 
37. Thread dial for chasing dial 
38. Lead screw and feed rod-feed is run off a key- 

way In the lead screw 
39. C h ~ p  man 
40. Clamp nut for tailstock 
41. Adjusting screw for tallstockallgnmentor offset 
42. Start and stop bar or control rod 
43. Bed 
44 Legs or base 

Figure -6- I Functional diagram of  an engine lathe. (Courtesy Cincinnot~ M~iocron CO) 
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HEADSTOCK 

- LENGTH 01 BED .I I 1- OVERALL LENGTH -4 
Figure 6-2 Note the size designations o f  an engine lathe. 

bed and not to the lathe carriage. The swing over the carriage is " " L, 

necessarily less than the swing over the bed (Figure 6-3). 

Types of Lathes 
Engine lathes vary widely from the small bench lathe (or tool-room 
lathe) to the large gap-bed lathes and special-purpose lathes. Tool- 
room lathes are used to machine small parts. Larger and heavier 

OVER BED 

112 ACTUAL SWING 

OVER TOOL CARRIAGE 

112 ACTUAL SWING 

I 

BED 
112M NOMINAL SWING 112 NOMINAL SWING 

CLEARANCE 

Figure 6-3 The swing over the lathe bed (left), and over the carriage 
(right). 
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lathes are used in high-production work. Examples of some of these 
high-production machines are turret lathes, multiple-tool lathes, 
and multiple-spindle lathes. 

Basic Construction 
A lathe is made up of many parts (see Figure 6-1). Following are the 
principal parts of a lathe: 

* Bed 

* Headstock 

@ Tailstock 

* Carriage 

s Feed mechanism 

Thread-cutting mechanism 

Bed 
The lathe bed (Figure 6-4) is a stationary part that serves as a 
strong, rigid foundation for a great many moving parts. Therefore, 
it must be scientifically designed and solidly constructed. 

The ways of the lathe serve as a guide for the saddle of the car- 
riage as it travels along the bed, guiding the cutting tool in a 
straight line. The V-ways (Figure 6-5) are machined in the surface 
of the bed, and are precision-finished to ensure proper alignment of 
all working parts mounted on the bed. 

The two outer V-ways guide the lathe carriage. The inner V-ways 
and the flat way together provide a permanent seat for the head- 
stock and a perfectly aligned seat for the tailstock in any position. A 
slight twist in the bed of the lathe can cause the machine to produce 
imperfect work. The lathe should be carefully leveled in both 
lengthwise and crosswise directions. 

Headstock 
The headstock is mounted permanently on the bed of the engine 
lathe at the left-hand end of the machine. It is held in alignment by 
the ways of the bed and contains the gears that rotate the spindle 
and workpiece (Figure 6-6). 

Controlling Headstock Spindle Speed 
On a belt-driven back-geared lathe, the different steps of the cone 
pulley and the back gears are used to make changes in spindle speed. 
On  the three-step pulley, three speeds can be obtained by driving 
directly from the pulley to the spindle without the back gears in 

Figure 6-4 Lathe bed and ways of an engine lathe. 
(Courtesy Crncrnnotr Mrlocron Coj 

mesh. The smallest step gives the fastest speed. Three slower speeds 
can be obtained by driving the spindle through the back gears. Thus, 
three speed changes in direct drive and three speeds in back-gear 
drive permit a total of six changes of spindle speed. 

The back gears can be meshed as follows: 

I .  Stop the machine. 
2. Disengage the locking pin (the spindle will not move while the 

locking pin is disengaged, but the pulley will run freely). 
3. Engage the back gears by pulling the handle forward to  mesh 

the gears. 
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Figure 6-5 This is one o f  theV-ways and flat ways o f  a lathe 
bed. (Courtesy Cincmnati Milocron Co) 

Figure 6-6 A lathe gearing mechanism enclosed in the 
headstock housing. (Courtesy Clnonnati Milocron Co.) 

Various types of controls are used on the geared-head lathes 
(Figure 6-7). Usually, selector levers are used, and the entire range 
of spindle speeds is obtained by reading directly from the dial. 

Spindle 
The hollow spindle is built into the headstock with the spilzdle nose 
projecting from the housing of the headstock. The spindle is hollow 
throughout, and is tapered at the nose end to receive the live center. 

Figure 6-7 Spindle-speed 
selector on the headstock o f  a 
gear-head lathe. A "color match" 
dial is used t o  select the desired 
rpm. (Courtesy Cincinnati Milocron Co.) 

The spindle nose is usually threaded. 
Either a faceplate or a chuck can be F% 
turned onto the threaded nose spindle to \ 

Driver Plate 
The driver plate turns onto the threaded . I . .. 
spindle nose. Its purpose is to drive the 

Figure 6-8 A threaded 
work mounted on the lathe centers by spindle nose with a live 
means of a lathe dog, which is clamped center A faceplate, a 
to  the workpiece. The bent end of the driver plate,or a chuck 
dog engages a slot in the driver plate can be turned on t o  the 
(Figure 6-9). threaded spindle nose t o  
Tailstock support the workpiece 
The tailstock assembly is movable on the and t o  rotate it. 
bed ways, and carries the tailstock spin- 
dle (Figure 6-10). The tailstock spindle has a standard Morse taper 
at the front end to receive a dead center. The tailstock handwheel is 
at the other end to give longitudinal movement when mounting the 
workpiece between centers. Reamers and taper-shank twist drills 
can be mounted in the tailstock spindle when required. A spindle 
binding lever clamps the spindle in any position in its travel. Clamp 
bolt nuts are used to clamp the tailstock assembly in any position of 
its travel on the ways of the bed. The dead center or any other tool 
mounted in the tailstock spindle can be removed by turning the 
tailstock handwheel counterclockwise. 

Carriage 
The carriage assembly is the entire unit that moves lengthwise 
along the ways between the headstock and the tailstock (Figure 
6-11). The carriage supports the cross slide, the compound rest, and 
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HEADSTOCK 

Figure 6-9 Driver plate and bent-tail lathe dog used t o  drive work  
mounted between the lathe centers. 

Figure 6- 10 Tailstock assembly. (Courtesy C~ncinnoti lviiiocron C ~ J  

Figure 6-1 1 The carriage assembly including saddle, cross slide, 
compound rest, and apron. (Courtesy Clniinnotr M~iocron ~ o . 1  

the tool post. The two main parts of the carriage are the saddle 
(Figure 6-12) and the apron. 

Saddle 
The saddle is an H-shaped casting that is machined to fit the 
outer ways of the lathe bed. The saddle can be moved along the 
ways either manually or by power, through the gearing mecha- 
nism in the apron. The apron and the cross slide are bolted t o  the 
saddle. 

Cross Slide 
The cross slide is a casting that is mounted on and gibbed to the 
saddle (see Figure 6-11). The cross-slide screw is located in the sad- 
dle and is connected to the cross slide. The cross slide can be moved 
either manually or by power across the saddle in a plane perpendic- 
ular to  the longitudinal axis of the spindle. 

The cross-feed micrometer dial is graduated in thousandths of an 
inch and is a very precise measuring instrument to  be used when 
taking a cut on the work in the lathe. The operator must remember 
that when the dial is turned into the work one thousandth of an 
inch, the diameter of the workpiece is reduced by two thousandths 
of an inch because metal is removed from both sides of the contin- 
uously-turning cylindrical work. 
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Figure 6- 12 The saddle is the H-shaped part o f  the carriage assembly. 
I t  is machined t o  fit and is gibbed t o  the outer ways o f  the lathe bed. 
(Courtesy C~ncrnnatr Mdacron Co) 

Compound Rest 
The compound rest is mounted on the cross slide (see Figure 6-11). 
It consists of two main parts-the base and the slide. The base can 
be swiveled to any angle in a horizontal plane; the slide can be 
moved across the base by making hand adjustments with the 
micrometer dial, which is graduated in thousandths of an inch. The 
compound rest supports the cutting tool, and makes it possible to 
adjust the tool to various positions. 

The tool post assembly is mounted on the compound rest (Figure 
6-13). The rocker or wedge has a flat top, and is convex in shape on 
the bottom to fit into a concave ring or collar so that the cutting 
tool can be centered. A heavy-duty, four-way turret tool post is 
shown in Figure 6-14. 

' COMPOUND REST 

Figure 6-13 Tool-post assembly mounted on the compound rest. 

Figure 6- 14 A heavy-duty, four-way turret tool  post. 
(Courtesy Cinc~nnat~ Mliacron Co.) 
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Apron 
The apron is bolted to  the front of the saddle. The apron houses the 
gears and controls for the carriage and the feed mechanism (Figure 
6-15 and Figure 6-16). The carriage can be moved either manually 
or by engaging the power feeds. 

Figure 6- 15 Front view of the apron, which is bolted to  the saddle, 
on the front of the lathe. (Courtesy Cincinnati Miiocron CO) 

The longitudinal feed handwheel, the longitudinal power-feed lever, 
the cross-slide power-feed lever, the half-nut lever, and the thread-chas- 
ing dial are all located on the apron (see Figure 6-15). The "Start- 
Stop" lever for the headstock spindle is usually located near the apron, 
convenient to the operator when he is standing in front of the apron. 

Feed and Thread-Cutting Mechanism 
The same gears that move the carriage are involved in the feed and 
thread-cutting mechanisms. These gears are used to transmit 
motion from the headstock spindle to the carriage. 

Lead Screw 
Some lathes have two lead screws-one for turning operations and 
one for thread-cutting operations exclusively. The lead screw is very 
strong and has coarse, accurate threads (see Figure 6-16). 

Figure 6- 16 Apron internal gearing (rear view). (Courtesy oncrnnotr Miiocron CO) 

Quick-Change Gearbox 
On most lathes, the quick-change gearbox is located directly below 
the headstock on the front of the lathe bed (Figure 6-17). A wide 
range of feeds and threads per inch (TPI) may be selected by posi- 
tioning the gears. The index plate is an index to the lever settings 
required to position the gears for the different feeds and numbers of 
threads per inch. The distance, in thousandths of an inch, that the 
carriage will move per revolution of the spindle is given in each 
block for the corresponding gear setting. 

The reversing lever is used to reverse the direction of rotation of 
the screw for chasing right- or left-hand threads, and for reversing 
the direction of feed of the carriage assembly. Levers on the quick- 
change gearbox should never be forced into position. 

Holding and Driving the Work 
A number of work-holding devices are used to hold or support the 
workpiece securely for the different lathe operations. A number of 
different devices are also used as toolholders. 

Chucks 
Some workpieces must be held and rotated by chucks-depending 
on the size, shape, and operation to be performed. The chucks are 
attached to the headstock spindle of the lathe. 
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Figure 6- 17 Quick-change gearbox. A wide range o f  feeds and 
threads per inch can be selected. (Courtesy Crnclnnoti Milacion COJ 

Great care should be exercised both in attaching and removing 
chucks from the headstock spindle. In attaching chucks to  the 
threaded spindle nose, make certain that the spindle threads and the 
chuck threads are free from dirt and grit. The chuck turns onto the 
spindle in a clockwise direction-finish tightening the chuck with a 
quick spin by hand. Rotation of the workpiece against the cutting 
tool tightens the chuck on the spindle threads. A board or chuck 
block should be placed across the ways of the lathe to  protect them 
when either mounting or removing the chuck. 

Some lathes have a standard taper key-drive spindle (Figure 
6-18). In mounting, the lathe spindle should be turned so that the 
key is facing upward. Both the lathe spindle and the chuck taper 
should be free of grit, oil, and chips, especially along the spindle 
key. In positioning the chuck on the spindle, make sure the keys are 
in alignment before tightening the draw-nut collar. Then, the draw- 
nut collar should be tightened securely. 

Another type of spindle found on some lathes is the standard 
camlock spindle (Figure 6-19). Here again, great care must be exer- 
cised in mounting and in removal to ensure accuracy and prevent 
damage. 

Figure 6- 18 American Standard taper key-drive 
spindle. (Courtesy Cinclnnatr Mllacion Co.) 

Figure 6- 19 American Standard camlock spindle. 
(Courtesy Cmnnatr Mliacron Coj 

Three-jaw, or Universal, Chuck 
All three jaws of the universal chuck are moved at the same time in 
the chuck body. This chuck is usually used for either round or hexag- 
onal stock. Because the three jaws move simultaneously and are 
always the same distance from center, the workpiece is automatically 
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centered without further adjustment (Figure 6-20). However, some 
accuracy may be lost because of wear. To ensure accuracy in 
machining, a workpiece should never be removed or reversed until 
all operations on the work have been completed. 

Figure 6-20 Burned three- 
jaw, o r  universal, chuck. 
(Courtesy Atlas Press Co.) 

Four-jaw, or Independent, Chuck 
The four jaws are adjusted independently in this type of chuck, and 
the jaws are reversible so that work of any shape can be clamped 
from either the inside or the outside of the jaws. The independent 
chuck is one of the most accurate means of chucking a workpiece 
(Figure 6-21). 

Figure 6-2 1 Burner four-jaw, o r  
universal, chuck. (Courtesy Atlos Press Co.) 
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CHUCK JAW 

CHALK MARK 
. ON HIGH SPOT 

WORK 

CHALK 

4-JAW CHUCK 

Figure 6-22 Using a piece o f  chalk t o  center the workplace in a four- 
jaw, o r  independent, chuck. 

high spots with a piece of chalk resting against either the tool post 
or a tool mounted in the tool post (Figure 6-22). 

Brass strips or shim stock with a piece of emery cloth between 
the shim stock and the workpiece should be used on work having 
a finished surface to prevent the chuck jaws cutting into the sur- 
face finish. This also allows the work to be moved in the jaws for 
alignment. 

Pointers on the Use of Chucks 
Proper use and care of chucks is important. Following are some 
pointers that should be observed in handling and caring for these pre- 
cision tools: 

Mounting the work in a four-jaw chuck is largely a problem of 
centering. The concentric rings on the face of the chuck can be used 
as a guide in centering the workpiece. The work should be clamped 
as closely centered as possible. Then, test for trueness, marking the 

Keep the chuck clean; do not oil excessively-a light film of 
oil on all working parts is ample. 
Remove the live center and sleeve from the spindle before 
mounting the chuck. 



Chapter 6 

Clean the face of the shoulder on the spindle nose and the 
back face of the chuck. 
Place a few drops of oil on the threaded spindle nose. 
Clean the threads in the chuck and on the lathe spindle with a 
clean brush before mounting a chuck on a threaded spindle 
nose. 
When the chuck is close to the shoulder, give it a quick spin by 
hand to tighten it. A soft thud indicates a good firm seating 
against the shoulder. Forcing a chuck suddenly against the 
shoulder strains the spindle and makes chuck removal diffi- 
cult. The chuck is kept tight by rotation while the lathe is in 
operation. 
Do not apply too much pressure while tightening the work in 
the chuck jaws. Excessive pressure may spring the work and 
affect the accuracy of the chuck. 
Tighten the jaws around the more solid parts of the work- 
piece; always use the chuck wrench made for the chuck. 
Turn the work as the jaws are tightened for a good fit. 
Small-diameter work should not project more than four or 
five times the workpiece diameter from the chuck jaws--cuts 
should be short and light. 
Heavy cutting pressures often cause the work to spring out 
and "ride the tool." Long work should be supported by the 
tailstock center, a steady rest, or a follower rest. 
Do not force the chuck to carry work larger in diameter than 
the diameter of the chuck body. Repeated overloading can 
damage the chuck. 
If the jaws stick, tap lightly with a piece of wood and move 
them in and out to remove chips-this indicates that the 
chuck should be taken apart for a thorough cleaning. An old 
toothbrush is excellent for cleaning a chuck. Wash the parts in 
kerosene. Do not use excessive oil in reassembling the chuck; 
oil collects dust and chips, which clog the chuck mechanism. 
Keep the chuck in a rack or bin when not in use. Dirt, dust, 
chips, and falling tools can cause much damage. 
Place a board across the top of the ways to protect them from 
damage when either removing or mounting a chuck. 
Never use an air hose to clean a chuck. 
Never leave the chuck wrench in the work. 
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Draw Collet Chuck 
The collet is the holding or gripping part of the chuck. The assem- 
bly is comprised of a hollow draw-in spindle or bar, which extends 
through the headstock spindle. The split collet is held in a tapered 
holding sleeve (Figure 6-23). 

SPINDLE GUARD \ couf-T 

ADAPTER PULLER I 

Figure 6-23 A draw collet chuck as mounted on the headstock 
spindle. (Courtesy Cincinnati Milacron Coj  

A collet chuck is used for precision work in making small parts. 
The workpiece held in the collet should be not more than 0.001 
inch smaller or 0.001 inch larger than the nominal size of the collet. 
A different collet should be used for each work diameter. If the 
work diameter is not within the above limits of the collet size, the 
accuracy and efficiency of the collet is impaired. To prevent distor- 
tion, a collet should never be closed unless a suitable plug or piece 
of work is inserted in the hole of the collet before it is closed. 

Collets are available for various shapes of stock-round, 
square, and so on. A new type of collet chuck and collet is shown 
in Figure 6-24. 

Faceplates 
The workpiece can be mounted or held on a faceplate, which is a 
round metal plate that can be mounted on the headstock spindle 
(Figure 6-25). The work is clamped or bolted to the elongated slots 
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Figure 6-24 Cutaway view o f  Jacobs collet chuck (top), and showing a 
rubberflex collect collet (bottom). (Courtesyjocobs Manufacturing CO/ 

of the faceplate. The flat surface of the faceplate is perpendicular to  
the spindle. 

Lathe Centers 
The live center is stationary in the main spindle of the headstock. It 
is called "live" because it turns with the workpiece. The dead ten- 

ter is placed in the tailstock spindle, and it does not rotate with the 
workpiece (hence the term "dead" center). 

The live center does not have to be hardened because it rotates with 
the work. The dead center must be hardened because it does not rotate 
and must withstand the friction of the workpiece against it. Hardened 
centers are usually indicated by grooves cut in the circumference. 

Figure 6-25 Faceplate. 
(Courtesy Cincinnati Milocron Co/ 

Both centers usually have a standard Morse taper shank to fit in 
the tapered hole in the spindle, and a 60" cone end. The 60" angle 
may be turned on a lathe for the unhardened live centers; the dead 
or hardened centers are ground to the 60" angle (Figure 6-26). 

Figure 6-26 A standard lathe center with 60° cone end. 
(Courtesy C~ncinnoti Mllocron CoJ 

Live centers are removed from the headstock spindle by placing 
a knock-out bar through the hollow spindle to bump out the center. 
Care must be exercised to  keep the center from striking the ways of 
the lathe to  avoid damage to either the center or the machine. 

Some live centers are made for the machining of pipe and simi- 
lar hollow-sha~ed work. The heads are constructed of hardened 
and ground steel to  provide good resistance to abrasive wear 
(Figure 6-27). The bearings are protected by a two-piece seal, and 
accuracy is 2 0.0001 inch. All pipe and bull heads come with a 
standard 60" included angle to  match the chamfer on work for 
truer running. 
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PIPE HEAD 

BULL HEAD 

Figure 6-27 Pipe-head and bull-head live lathe centers. 
(Courtesy Royal Products) 

The half center (Figure 6-30) and the crotch center (Figure 6-31) 
are used only as tailstock centers. The half center is used in machin- 
ing small-diameter workpieces and in facing operations where it is 
necessary to bring the facing tool near the center hole of the work- 
piece. The crotch center is used to hold a workpiece that is to be 
drilled at a location other than the ends. A revolving center (Figure 
6-32) rotates with the workpiece to eliminate the friction of the 
workpiece on the center. It is used in the tailstock of the lathe. 

Figure 6-30 Half center. (Courtesy Cincinnati Milacron Coj  

Several types of centers are available for various purposes. A 
female center is shown in Figure 6-28. The ball center (Figure 6-29) is 
used when the "tailstock setover" method of turning tapers is used. If 
the standard live center is used in turning tapers by this method, 
proper bearing on both the center and the center hole may not be 
provided, resulting in damage to both the center and the workpiece. 

Figure 6-3 1 Crotch center. (Courtesy Cincinnati Mllacron GO.) 

Figure 6-28 A lathe female center. 
(Courtesy Cincinnati Mllacron Co) 

Figure 6-29 Ball center. (Courtesy Cincinnati Mllacron Co) 

Figure 6-32 A revolving center used for the tailstock center. 
(Courtesy Cincinnati Milacron Co.) 

Lathe Dogs 
The lathe dog is used with the drive plate as a simple means of caus- 
ing the workpiece to rotate with the live center when the workpiece 
is mounted between centers (Figure 6-33). The straight dog and the 
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Figure 6-33 Lathe dogs: (A) straight dog; (B) bent-tail dog; 
(C) clamp dog. (Courtesy C~ncinnati Mdacron Co) 

bent-tail dog are used for round work, and the clamp dog is used 
for work having a flat side. 

The bent-tail dog and the clamp dog have a tail piece that is 
inserted in a slot of the driver plate. Shim stock should be used as a 
collar for the workpiece to prevent damage by the dog. 

Mandrels 
The standard lathe mandrel is a shaft or bar with 60' centers so 
that it may be mounted between centers. A workpiece is mounted 
on the mandrel for turning its outside surface true with the center 

hole. The mandrel is always rotated with a lathe dog; it is never 
placed in a chuck for turning the workpiece. 

A straight lathe mandrel (Figure 6-34) is designed to fit the entire 
length of the center hole in the workpiece. A tapered mandrel 
(Figure 6-35) is used with parts that have a standard taper center 
hole. Workpieces having two internal diameters can be turned on a 
double-diameter mandrel (Figure 6-36).  The eccentric mandrel 
(Figure 6-37) is used when an eccentricity is desired on the outside 
diameter of a workpiece. 

b-. m)5 TAPER PER INCH -4 
Figure 6-34 Straight lathe mandrel. (Courtesy Cincinnati Miiacron LO.) 

UP TO 1 INCH DIA.  :'z5;. 11116TO3 INCH DIA.  :;E 

'--I 
Figure 6-35 Tapered mandrel. (Courtesy Cincinnati Milocron GO.) 

Y 3, A i 

Figure 6-36 Double-diameter mandrel. (Courtesy Cincinnati Milacron LO.) 

- - - - 

Figure 6-37 Eccentric mandrel. (courtesy oncinnotr Mrlocron COJ 

I 
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Summary 
The screw-cutting lathe is the oldest and most important of all the 
mechanical tools. Practically all of our modern machine tools have 
been developed from it. The lathe produces cutting action by rotat- 
ing the workpiece against the edge of a cutting tool. 

Lathe work is usually in the shape of a cylinder because the lathe 
produces a surface that is curved in one direction and is straight in 
the other. 

The maximum size of work that can be handled by the lathe is 
used to designate the size of the lathe. This is the diameter and 
length of the work. The manufacturer usually uses the term swing 
to designate the maximum diameter of the work that can be 
machined in the lathe. 

Lathes vary widely from small bench models to the large gapbed 
type and special-purpose machines. Tool room lathes are usually 
used to machine small parts. The large lathes are used in high- 
production work. Some examples of these are turret lathes, multi- 
ple-tool lathes, and multiple-spindle lathes. A lathe is made up of 
many parts, such as the bed, headstock, tailstock, carriage, feed 
mechanism, and thread-cutting mechanism. 

Review Questions 
I .  What determines the lathe size to use for a particular job? 
2. Name the main components of a lathe. 

3. Name three types of lathes generally used in high-production, 
heavy-duty work. 

4. What is the carriage section of a lathe? 
5. Name the various types of chucks used on lathes. 
6. The engine lathe produces cutting action by the 

workpiece against the edge of the cutting tool. 
7. What does "swing" mean? 
8. Engine lathes vary widely from the small bench lathe or tool 

room lathe to the large - lathe. 
9. What are the ways of a lathe? 

10. What is a dog? 
I I .  What is meant by dead center? 
12. What is the purpose of the tailstock? 
13. What does the lathe carriage do? 
14. What is a compound rest? 

15. Identify the following: 
A. Tool rest 

B. Apron 
C. Lead Screw 
D. Reversing gears 
E. Quick-change gearbox 
F. Threaded spindle nose 

G. Collet 
H. Face plate 

16. What is the difference between the three-jaw and four-jaw 
chuck? 

17. What is another name for the four-jaw chuck? 
18. Describe live center. 
19. What is a dead center? 
20. What is the difference between a female and a ball center? 
2 1 .  Describe the half center and the crotch center. 
22. What is a straight lathe mandrel? 
23. Distinguish between: 

A. Straight dog 
B. Clamp dog 

24. What is a bent-tail dog used for? 
25. How can you identify an eccentric mandrel? 



Lathe Operations 
Proficiency in lathe operations involves more than just "turning" 
metal. The machinist should also have an understanding of neces- - 
sary maintenance procedures and preliminary operations necessary 
to keep the lathe in good working condition. 

Precision of any lathe, regardless of size, is greatly dependent 
upon the rigidity of the base under the lathe bed. Lighting should be 
adequate, and there should be enough space around the area for 
freedom in movement. 

The engine lathe should be set level and remain level. If the lathe 
is not leveled, it will not set squarely on its legs, and the lathe bed 
will be twisted. If the headstock and V-ways are out of alignment. 

L, 

the workpiece will be tapered. 
Wide metal shims and a sensitive level at least 12 inches in length 

are preferred for leveling a lathe. The bubble of the level should 
show a distinct movement when a 0.003-inch shim is wlaced under 
one end of the level. Both the headstock end and the taiistock end of 
the lathe should be leveled across the bed ways. Leveling should be 
repeated after the legs have been bolted down. Most machinists 
check the lathe for the level position regularly, and whenever the 
lathe is expected to be used for a long period for a particular job. 
The level position should also be checked before heavy work is 
attempted, and whenever the lathe is moved to a new shop location. 

Premachining Operations 
Good finished work can be turned out on the lathe if the job is 
planned in advance. All parts are manufactured in a given opera- 
tional sequence. Lathe operations are not difficult if the work is 
planned properly. 

Cutting Speeds 
Lathes are provided with a range of speeds that is ample to meet all 
conditions. Success in lathe work depends on the proper cutting 
speed. A cutting speed that is too slow wastes time and leaves a 
rough finish; a speed that is too high burns the cutting tool. 

The cutting speed (tangential velocity) is the speed in feet per 
minute at which the surface of the work passes the cutting tool. The 
spool of thread analogy can be used to represent tangential speed as 
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applied to lathe operations (Figure 7-1). The familiar operation of 
pulling thread off a spool can be used to represent the speed of the 
revolving surface of the work in a lathe as it passes the cutting tool. 

TANGENTIAL "' 
FEET PER L 

\ 

Figure 7-1 The surface speed of the spool as the thread is unwound 
is comparable to  the surface speed of the workpiece as the metal is 
removed by the cutting tool. 

The cutting speed (feet per minute) at which the work passes the 
cutting edge of the tool is the chief factor in determining selection of 
the proper headstock spindle speed (revolutions per minute, or rpm) 
of the lathe for a given material. Proper cutting speed lengthens tool 
life and results in a better finish. The recommended cutting speeds 
for the various materials and operations are given in Table 7-1. 

Cutting speeds can be calculated by the following formulas: 

cutting speed (fttmin.) X 12 
Spindle rpm = . 

circumference of work (TD) 

- - 
3.82 X cutting speed 

diameter of work 

rpm x diameter of work 
Cutting speed = 

3.82 

Table 7-1 Cutting Speeds (Feet per Minute) for High-speed 
Steel Tools 

S.A.E. 
8 1-6-45, 

C.M.M. S.A.E. 8650, 
320, 3115, 3150, 
1117, Cast 3310, L.G.73.. S.A.E. 
I 112, Iron-60% 4615, H.G.73.. 3450, Ampco 
1018 Steel 8617 H.S.S. 4340 Bronze Bronze 

Note. increase cutting speed approximately three tunes for carbide tools. 

Courtesy Cinc~nnati Milacron Co. 

Feed 

20 Tap 
20 Ream 
50 Drill solid 
54 Rough bore 
66 Finish bore 
62 Rough turn 

(memorize 
cut speed in 
italics) 

66 Finish turn 
66 Rough face 
66 Cut off 
98 Finish face 
28 Knurl 

(use .01OU or 
.020" feed) 

98 Center 
drilling 

20 Chasing or 
threading 

Feed is the distance (in thousandths of an inch) that a tool 
advances into the work during one revolution of the headstock 
spindle. The maximum feed that is practical should always be 
used, considering the work, finish and accuracy required, and the 
rigidity of the work. Maximum efficient production is obtained 
only by familiarity with the work, the tools, and the lathe. The 
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following formulas can be used to  determine feed and time con- 
sumed for the operation. 

L F=-. L 
and T = - 

N x T '  F X N  

where the following is true: 

F is equal to feed in thousandths of an inch. 
L is equal to length of cut. 
N is equal to rpm. 
T is equal to time in minutes. 

Depth of Cut 
To avoid lost time and wasted horsepower, the maximum amount 
of metal should be removed per cut per horsepower of the lathe. 
Cutting speed, feed, and depth of cut determine the amount of 
metal that is removed. As the operator becomes more familiar with 
the lathe and the work, the operator is more able to judge and use 
the maximum depth of cut. 

Checking Alignment of Lathe Centers 
If the lathe centers are not properly aligned, a tapered surface 
rather than a cylindrical surface will result. The lathe centers can be 
checked for alignment prior to turning by placing the dead center of 
the tailstock in close contact with the live center (Figure 7-2). If the 
tailstock center does not line up, loosen the tailstock clamp bolt, 
and move the tailstock top in the proper direction by adjusting the 
tailstock setover screws to an approximate setting. 

Figure 7-2 Preliminary method of checking alignment of lathe centers. 

The final test for alignment of centers is illustrated in Figure 7-3. 
Turn two 1.5-inch collars (A and B) on a piece of round stock that 
has been centered. After a fine finishing cut, measure collar A. 
Then, without changing the caliper setting, measure collar B. 
Compare the diameters of the two collars. If the diameters are not 
the same, the centers are not in alignment, and the tailstock must be 
adjusted in the proper direction. 

Tailstock adjustment is illustrated in Figure 7-4. The top of the 
tailstock can be set over by releasing one of the tailstock adjustment 
screws and tightening the opposite adjustment screw. The marks on 
the end of the tailstock top and bottom indicate the relative posi- 
tions of the top and bottom (see Figure 7-4). The alignment of these 
marks cannot be depended upon for fine, accurate work. The align- 
ment test should be made to make certain that the lathe centers are 
aligned properly. 

Figure 7-3 Final test for alignment of lathe centers for straight turning. 

Centering the Workpiece 
Center drilling is a very important premachining operation because 
the piece to be turned is supported on the lathe centers. The center 
holes are prepared by drilling and countersinking a hole in each end 
of the workpiece. The countersunk holes should have the same angle 
as the lathe centers that fit into them. The standard angle is 60°, and 
the center hole should be deep enough that the point of the lathe 
center does not strike the bottom of the hole. A combination drill 
and countersink is used for this purpose. The center drill should 
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Figure 7-4 Adjustment of the tailstock for alignment of the lathe 
centers by adjusting the setscrews (A and B). 

penetrate into the work 1/64 (0.15625) inch past the 120" counter- 
sink (Figure 7-5) for the lathe center to fit properly (Figure 7-6). 

In the center-drilling operation, the stock is usually placed in the 
universal chuck. Not more than four or five times the diameter of 
the stock should be permitted to extend from the chuck. If the work 
is longer, a steady rest can be used for support-relieving the chuck 
jaws of excessive stress. The combination drill and countersink is 
held in a drill chuck mounted in the tailstock spindle (Figure 7-7). 

Basic Operations 
The first and simplest exercise for the beginner in lathe operations 
is turning a piece of round stock to a given diameter. The work is 
mounted between lathe centers, and a lathe dog is used to drive the 
work. 

Facing 
After mounting the work between centers, the facing operation is 
performed. If an end is to be faced, the operation is more easily per- 
formed with the work mounted in the universal chuck. The facing 
tool is used to machine the ends of the work and to machine shoul- 
ders on the work. 

The facing tool should be set with the point exactly on center 
(Figure 7-8). The cutting edge of the facing tool should be set with 
the point of the tool slightly toward the work (Figure 7-9). 

Roughing cuts with the facing tool can be made either toward or 
away from the center. However, the finishing cuts must be made by 

- 
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I Over 2'1, 1 18 1 ' \A 1 0.600 1 a/4 I 
Figure 7-5 Dimensions of holes that are center drilled with a 
combination drill and countersink. (courtesy Cincinnati Milacion CO.) 

WORKPIECE WORKPIECE WORKP IECE 

Figure 7-6 Center-drilled holes: (A) properly drilled; (B) incorrectly 
drilled (too deep); and (C) incorrectly drilled (not deep enough). 
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?EL'- UNIVERSAL 3-JAW SCROLL CHUCK 

WORK 

/ 
ARBOR 

I 

slot of the driver plate. The tail of the dog should not bind at any 
point in the slot, nor should it touch the slot, except while driving 
the work-it should rock back and forth in the slot when mounted 
properly (Figure 7-1 0). 

DOG MUST NOT B I N D  I N  SLOT \ 

I 
COUNTERSINK 

Figure 7-7 Center drilling in round stock. 

\ DRIVER PLATE 
DRIVER PLATE 

Figure 7-1 0 Workpiece mounted between the lathe centers with a 
lathe dog o f  correct size. The tail of the dog must be free enough t o  
rock back and forth in the slot in the driver plate. 

Figure 7-8 The point of the facing tool should be set exactly on center. 

Figure 7-9 The cutting 
edge of the facing tool should 
be set with the point turned 
slightly toward the work. 

moving the point of the tool from the 
center to the outer edge of the cylin- 
der. The point of the facing tool 
should be rounded slightly on an 
oilstone to give a smooth finish. 

After one end is faced, the work 
should be reversed and the operation 
repeated, facing off just enough metal 
to bring the work to the specified 
length. 

Turning 
After the ends have been faced and 
center-drilled, the work should be 
turned to the specified diameter. 

Mounting on Centers 
In straight turning, a bent-tail dog is used to drive the work. It is 
important to select a lathe dog of correct size for the work and the 

The live center is used only for support of the work, and turns 
with the work. Therefore, it requires no lubrication. However, the 
dead center must be lubricated, as the dead center does not turn 
with the work, and a large quantity of heat can be generated. If the 
work is mounted too tightly or if lubrication is lacking, the tail- 
stock center will burn. The work can be adjusted for play by means 
of the tailstock handwheel. The tailstock spindle should be clamped 
in position at the point where the lathe dog ceases to "chatter" 
when the lathe has been started. 

Height of Cutting Tool 
If the height of the cutting edge of a lathe tool coincides with the 
lathe axis (that is, the lathe centers), the tool is said to be on center. 
If higher or lower than the lathe axis, it is above or below center. 
The turning tool is usually set at a slight angle so that the tool will 
not dig into the work. If it should slip in the tool post, it will move 
away from the work (Figure 7-1 1). 

Theoretically, the correct height of a cutting tool is at a point 
where a line through the front edge of the cutting tool coincides with 
a line tangent to the work. This corresponds to zero front clearance 
(Figure 7-12). The theoretically correct height setting is ideal for a 
perfectly ground cutting tool. However, as the tool becomes dull, the 
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Figure 7- 1 1 Turning tool 
set at a slight angle so that 
it will not dig into the 
work if it should work 
loose in the tool post. 

u 

BOTTOM OF CUT - , 

THEORETICALLY CORRECT HEIGHT 

ZERO FRONT CLEARANCE 

Figure 7- 12 Diagram showing the theoretically correct height of a 
cutting tool. If the front edge of the tool (PB) coincides with the line 
tangent to the work 0, the tool is set at the correct theoretical height. 

point rounds off slightly. Hence, the correct setting is actually 
slightly below the theoretically correct height setting. 

The theoretically correct height setting decreases as the diameter 
of the work decreases (Figure 7-13). As shown in Figure 7-13, the 
tool cannot cut at the smaller diameter because the original theoret- 
ically correct height setting for the large diameter is no longer 
correct because more metal is removed in turning the work. 

In practical straight turning between centers, the cutting edge of 
the tool should be set a t  about 5" above center (3/64, or 0.046875, 
inch per inch diameter of the work) as shown in Figure 7-14. Taper 
turning, boring, and thread-cutting also require the cutting tool to 

WORK RUBS AGAINST TOOL ; T O G i P ~ l N T T W H I G H  
FRONT EDGE 
CANNOT CUT 

LARGE DIAMETER 

SMALL DIAMETER 

X 

Figure 7- 13 A decrease in the theoretically correct height setting 
should be made with a decrease in the diameter of the work. Position 
A, which is correct for a larger diameter, is incorrect for a smaller 
diameter because the tool cannot cut at position 6. 

FRONT CLEARANCE 

Figure 7- 14 Correct height setting of a cutting tool for straight turning. 

be set "on center." Materials that require the cutting tool to be set 
on center for turning are brass, copper, and other tenacious metals. 

Roughing Cuts 
The roughing tool is used to  remove most of the metal. This saves 
time and leaves only a small amount of metal to be removed by the 
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finishing cut. Depending on the capacity of the lathe, only one 
roughing cut may be necessary. Of course, on a long, slender piece 
of work, the work may spring or break if too deep a cut is taken. 

The roughing tool should project no more than necessary from 
the toolholder. Likewise, the toolholder should project only a short 
distance from the tool post. 

After the roughing tool has been mounted in the tool post, the 
cross slide should be used to barely "touch up" the work. Then, the 
cutting tool should be moved to the right-hand side, past the end of 
the rotating workpiece, and back into the workpiece-using the 
carriage handwheel. Just after the cutting tool enters the work, 
engage the power feed for the roughing cut from right to left. 
~ i s e & a ~ e  the power feed at about l/s (0.125) inch from the left- 
hand end of the cut. and feed the tool to the end of the cut (or 
shoulder) with the carriage handwheel. Never feed into a shoulder 
with the automatic feed because the carriage cannot be stopped at 
the correct point every time. Thus, both the work and the tool 
could be ruined. Also, allow ample clearance between the end of 
the cut and the lathe dog. 

After completing the cut with the carriage handwheel, return the 
carriage to the starting point at the right-hand side. Adjust the cross 
slide micrometer dial for the depth of the next cut, and repeat the 
procedure until the workpiece is turned to the desired diameter. 
Leave approximately 1/32 (0.0312) inch for finishing the work 
smoothly to the specified size. 

The cutting toil cannot cut to the extreme left-hand end of the 
work because of the lathe dog. The workpiece must be removed 
from the lathe, reversed, and placed in the lathe to machine the 
other end (Figure 7-15). Shim stock should be used under the lathe 
dog to keep the setscrew from marring the turned end. 

Finishing Cuts 
After the rough turning operation has been completed, the finishing 
tool can be mounted in the toolholder (Figure 7-16). Care must be 
exercised in setting the cutting tool for the finishing cut. If too 
much metal is removed, the diameter of the work will be too small, 
and the work will be ruined. 

The depth of the finishing cut can be determined from the mea- 
surement taken of the rough-turned work. It must be remembered 
that outside calipers are not precision measuring tools and are reli- 
able only to within approximately 0.005 inch on work that is rough 
turned and not machined to finished size. Using the hand cross 
feed, the nose of the finishing tool should be brought in light 

- 
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(A) Fi'rst half of work is turned. 

1 TURNED ROUGH - 

WORK REVERSED 

Figure 7- 15 Reversing the workpiece t o  complete the turning 
operation between centers. 

Figure 7-16 Application of a finishing tool. 
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contact with the rotating workpiece. Note the reading on the cross- 
feed micrometer dial, and turn the carriage handwheel to the right 
until the tool is clear of the workpiece. Feed the cutting tool into the 
work with the hand cross feed-a distance eaual to one-half the dif- 
ference between the rough-turned diameter and the specified 
finished size. 

After selecting the proper cutting speed on the quick-change 
gearbox, the automatic carriage feed is engaged for the finish cut. 
After moving a short distance past the end of the work, stop the 
lathe and measure the diameter with a micrometer caber.  If the 
work is oversize, return the carriage to the right-hand side and 
adjust the cross-feed micrometer dial for the correct depth of cut. 
Proceed with the automatic carriage feed as close to the lathe dog as 
possible. Stop the lathe, remove the work, place the lathe dog on 
the opposite end of the workpiece, and complete the work to the 
s~ecified size. 

Several other turning tools can be used for machining work 
mounted between centers. Whenever possible, the right-hand fat- 
ing, roughing, and finishing tools should be used because they 
move from right to left, which avoids placing extra friction or 
thrust against the dead center of the tailstock. The lathe headstock 

u 

is mounted more sturdily, and the live center turns with the work. 
Therefore, these parts are more capable of withstanding the heavy 
thrusts involved in turning. 

In many instances, the left-hand tools (used for machining work 
from left to right) can be used more advantageously (Figure 7-17). 
The round-nose tool can be used for turning in either direction. It is 
a convenient tool for reducing the diameter of a shaft in a central 
portion of the work (Figure 7-18). 

Figure 7- 17 Application o f  a left-hand tool. 

Figure 7-1 8 Application o f  a round-nose tool. It is ground flat on top  
so that it can be used for  turning in either direction o f  feed. 

Cutoff Tool 
In many instances, stock is cut slightly longer than the finished 
dimension to allow for center drilling and facing to a finished length. 
Frequently, several different parts are machined on a single piece of 
stock and cut apart later. The cutoff tool is used for these purposes. 

The cutoff tool should be mounted rigidly, with the carriage 
clamped to the lathe bed to keep the cutoff tool from moving either 
to the right or left. The tool should be fed into the work at right 
angles to the axis of the workpiece. It should be set with the point 
of the tool exactly on center (Figure 7-19). Cast iron requires no 
lubrication, but steel requires that the work be flooded with oil. 

Figure 7- 19 Application of the cutoff tool. The tool  point should be 
set exactly on center. 

Work Mounted on the Faceplate 
An engine lathe should have a large faceplate for mounting work 
that cannot be held conveniently in a chuck. The work is secured to 
the faceplate by clamp bolts that are anchored in the faceplate slots. 
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This type of mounting is illustrated by the disc mounted directly to 
the faceplate, as shown in Figure 7-20. If the surface of the disc in 
contact with the faceplate is machined before mounting, a piece of 
paper should be placed between them to prevent slipping. However, 
if the rough casting is clamped to the faceplate, shims should be used 
to make the casting run true with the faceplate (that is, surface A 
should be parallel to surface B). Of course, the work should be cen- 
tered carefully with respect to the hub (see Figure 7-20). 

FACE PLATE 

BLOCK 

PAPER FORNON S K I D  

Figure 7-20 Workpiece mounted on the faceplate for turning. 

A round-nose tool should be used to face the hub surface C. 
Then, the hole for the shaft D should be finished to the specific 
diameter with a boring tool. 

If the hole for the shaft is larger than the central hole in the face- 
plate, parallel blocks should be used to set off the casting from the 
faceplate, so that the cutting tool will have clearance and will not 
contact the faceplate when finishing a cut. After this operation has 
been completed, the work can be removed from the faceplate and 
mounted on a mandrel, and the machining operation can be contin- 
ued with the work mounted between centers. The rim should be 
turned to the finished diameter and the surface B faced. If desired, 
the other surface A and the hub can be machined on the mandrel. A 
"driver" should be mounted between the work and the faceplate to 
take the thrust and to keep the work from slipping when work hav- 
ing a large diameter and requiring a deep cut is being rotated. 

Work Mounted on the Angle Plate 
Some irregular pieces cannot be machined by attaching them 
directly to the faceplate. The angle plate (Figure 7-21) has two 
working sides machined at a 90" angle. In the setup for machining 
a flanged elbow (Figure 7-22), the work is bolted or clamped to the 
angle plate, which is attached to the faceplate. Thus, if one finished 
flange is attached to the faceplate, the two flanged surfaces will be 
at 90". 

PLATE 

8 R I B  

TRUE F I N I S H E D  SURFACES 

Figure 7-21 The angle plate can be used t o  mount irregular 
onto the faceplate for turning. 

pieces 

In actually performing the setup (see Figure 7-22), the angle plate 
should be mounted on the faceplate so that the distance of the work- 
ing surface of the angle plate from the lathe center is equal to the dis- 
tance of one flange face from the axis of the other flange. This 
distance can be taken from the blueprint. If the elbow is centered 
laterally by adjusting its position on the angle plate, the facing cut 
will be concentric. It may be desirable to attach a counterweight, 
especially for light work, so that spindle speed can be increased. 

Work Mounted on the Carriage 
Workpieces too large to mount on a faceplate, or in a chuck, can be 
anchored to the lathe carriage, and the cutting tool mounted 
between the lathe centers (Figure 7-23). Large pieces (a pump cylin- 
der, for example) can be bored by this method. After bolting the 
cylinder A to the saddle B of the lathe and mounting the cutter bar 
C between lathe centers, the cylinder can be bored by engaging the 
power feed that moves the cylinder toward the headstock. 
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FACEPLATE 

ANGLE PLATE 

/ FLANGED ELBOW 

Figure 7-22 Method of mounting an irregular workpiece, such 
as a flanged elbow, on an angle plate. 

CUTlER CYLINDER 

Figure 7-23 Cylindrical workpiece mounted on the lathe carriage 
for boring. 
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In some instances, blocks or special fixtures bolted to the car- 
riage can be used to hold the part to be bored. A cylindrical casting 
(a bushing, for example) can be mounted between wooden blocks 
bolted across the carriage. The blocks must be cut away to form a 
circular seat of correct radius, so that the work will be concentric 
with the boring bar. 

The work to be bored should be mounted carefully and accu- 
rately on the lathe carriage. Circles should be laid off on each end 
of the cylinder to  show the exact size and position of the bore when 
completed. The cylinder should be mounted temporarily on the car- 
riage and the boring bar placed between the centers and through 
the cylinder (Figure 7-24). With a pointed scriber wedged in the 
cutter slot on the boring bar, the boring bar should be rotated by 
hand and the cylinder adjusted in position until the scriber point is 
in contact with the layout circle on the cylinder at all points. This 
procedure must be repeated on the other end of the cylinder and the 
hold-down bolts must be tightened to fasten the work onto the 
carriage securely. 

Figure 7-24 Checking the alignment of a cylindrical workpiece 
mounted on the lathe carriage. 

Drilling 
The drilling operation can be performed very   re cis el^ on the lathe. 
The drill can be held stationary and the work rotated, or the work 
can be held stationary and the drill rotated. The first method is 
more accurate than the second. The work is held in the chuck 
mounted on the headstock spindle, and the drill is held stationary 
in a drill chuck mounted in the tapered hole of the tailstock spindle. 
Then, the drill is fed into the work with the tailstock handwheel. 
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As both the tailstock spindle and the headstock spindle have the 
same inside taper, the drill chuck arbor can be mounted in the head- 
stock spindle for the second method of drilling (that is, the drill is 
rotated and the work is held stationary). The crotch center and the 
drill pad are two convenient accessories that can be mounted in the 
tailstock spindle for holding the work (Figure 7-25). 

CROTCH CENIER DRILL PAD 

TAPERED SHANK 

CROTCH  PA^ 
Figure 7-25 Crotch center (left) and drill pad (right). 

The crotch center automatically centers round work for cross 
drilling. The drill pad serves as a table for flat or square work. It is 
especially valuable for drilling large holes. The work should be held 
in the left hand and advanced against the drill by turning the 
tailstock handwheel with the right hand. 

Reaming 
The lathe can be used to ream holes to a very precise finished diam- 
eter. The holder for the reamer is held in the tailstock spindle. The 
reamer should be positioned at the end of the hole to be reamed. 
Then, the headstock spindle should be started, and the reamer fed 
into the hole to the proper depth by means of the tailstock hand- 
wheel. Upon reaching the required depth, stop the lathe, and 
withdraw the reamer from the finished hole. 

Holes are usually drilled a few thousandths under size for ream- 
ing to the finished size. A small drill of the finished size can be used 
up to (0.0625) inch in diameter. Drills smaller than the finished 
size should be used for holes larger than l/16 (0.0625) inch in diam- 
eter. For drilling and reaming holes, use a center drill, a starting 
drill, a twist drill Y 3 2  (0.03125) inch under the finished size, a twist 
drill 1/64 (0.015625) inch under the finished size, and a reamer of 
the finished size. 

For drilling, boring, and reaming holes up to 2% (2.125) inches 
in diameter, rough-drill the hole approximately 1/16 (0.0625) inch 
smaller than finished size, and ream to the finished size. For holes 
larger than 2% (2.125) inches, the work is usually bored to the 
finished size. 

Boring 
The removal of stock from a hole in the workpiece while it is 
being rotated by a lathe is called boring. This can be done accu- 
rately and efficiently with the proper boring tool, which must be 
mounted with the point exactly on center. The operator should 
make certain that there is ample clearance for the boring tool to 
enter the hole. 

The rotating workpiece should be "touched up" by using the 
cross-feed hand lever, and the tool positioned for a light "cleanup" 
cut. Then, engage the longitudinal feed and complete the cut. The 
procedure must be repeated until the correct finished size is 
reached. 

Knurling 
The surface of the workpiece can be checked or roughened by 
rolling depressions into it by means of a knurling tool (Figure 
7-26). In the knurling operation, the lathe dog is used to rotate the 
work. The knurling tool makes indentations in the surface in the 
form of straight lines or a diamond pattern (Figure 7-27). Knurling 
provides a better hand grip on the metal and enriches the surface of 
the workpiece. , Figure 7-26 A knurling 

tool. 

Figure 7-27 Knurled 
patterns (above) and 

(A) Fine (B) Medium (C) Coarse knur~in~ wheels'(below) 
showing fine, medium, and 
coarse knurls. (Courtesy C~ncmnat~ 

Mllacron Co) 
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The workpiece should be turned to the specified diameter before 
beginning the knurling operation. Then, the section to be knurled 
should be turned to the diameter calculated as follows: 

Number of teeth on circumference of work = 66.8 x (outside 
diameter - 0.017) 

and 
Turned diameter = 0.01496 X number of teeth on circumfer- 
ence of workpiece 

The knurling tool should be mounted in the tool post perpendic- 
ular to and on the centerline of the workpiece. Feed the cross slide 
inward until the knurling tool contacts the section to be knurled. 
The longitudinal feed should be set at 0.010 inch or 0.020 inch on 
the quick-change gearbox. Then, jog the lathe "on" and "off," 
while feeding the cross slide in, until the correct depth is attained. 
The appearance of the knurled surface determines the proper depth. 
Insufficient depth leaves flats on the diamond pattern; knurling too 
deeply causes nicks in the surface. 

Several precautions should be observed in the knurling operation: 

The axles of the knurling wheels should be kept well lubri- 
cated to keep them turning freely. 

* In setting the knurling tool, care should be taken to make 
certain that both wheels contact the surface evenly. 
The knurling tool should be allowed to travel beyond the edge 
of the workpiece. 
Workpieces having a small diameter should be supported with 
a steady rest to prevent springing. 

Turning an Eccentric 
An eccentric, by definition, is a circle or sphere not having the same 
center as another circle partly within or around it. A disc set off- 
center on a shaft and revolving inside a strap attached to one end of 
a rod converts the circular motions of the shaft into a back-and-forth 
motion of the rod. Thus, an eccentric can be used to obtain a recip- 
rocating motion from a rotary motion. The distance between the 
center of the shaft and the center of the eccentric is the eccentricity. 
This is incorrectly called the throw, because the throw is twice the 
eccentricity. 

In machining an eccentric with a hub, the centers of the eccentric 
should be laid out, the eccentric mounted on a faceplate and 
centered with respect to the center of the shaft through the hub, and 
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a hole bored for the shaft. Then, the centers of the eccentric should 
be laid out on a mandrel of correct size for the hole in the eccentric 
(Figure 7-28). The mandrel should be placed on V-blocks set on a 
surface gauge and a line AB scribed through the mandrel center 0. 
This is reveated on the other end of the mandrel. With the dividers 
set at the same length as the eccentricity, scribe an arc intersecting 
line AB and C, which is the center of the eccentric. Repeat the pro- 
cedure at the other end of the mandrel. Then, the centers for the 
eccentric C can be drilled and countersunk. 

Figure 7-28 A method o f  locating the centers o f  an eccentric on a 
mandrel. 

After mounting the eccentric on the mandrel, place the mandrel 
in the lathe, with the lathe centers engaging the mandrel centers 0, 
and machine the hub D and both sides E. Remove the mandrel and 
reset in the lathe, with the centers of the eccentric C engaging the 
lathe centers. Machine the face F (Figure 7-29). 

Taper Turning 
A taper is a cone-shaped surface-the diameter diminishing uni- 
formly as the distance increases from the largest portion. Taper is 
measured as taper (inches) per foot. Thus, a tapered piece of work 
that has a 2-inch diameter at one end and a l-inch diameter at the 
opposite end is said to have a taper equal to 1 inch per foot of 
length, or a I -inch taper. 

A taper can be turned on a piece of work by means of one of the 
following methods: 

Offset tailstock, thereby setting the lathe centers out of 
alignment. 
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ECCENTR l C 

C U l l I N G  TOOL 

MANDREL CENTER 

DEAD CENTER 

Figure 7-29 Setup for machining an eccentric. 

HEADSTOCK LATHE CENTER 

AMOUNT OF SETOVER 

NORMAL LATHE CENTER A X I S  

WORK CENTER AXIS  s' TA ILSTOCK \ LATHE CENTER 

Compound rest set at an angle. 
s Taper attachment, which duplicates a set taper on workpiece. 

Figure 7-30 Details of taper turning by the tailstock setover method. 
Note the direction of setover and direction of the taper. 

For example, a piece of stock 10 inches in length is 3 inches in 
diameter at the large end and 2l/2 inches in diameter at the small 
end. Calculate the taper per foot by using the following formula: 

Theoretically, the offset tailstock method is incorrect, but it can 
be used within limits (Figure 7-30). The compound rest can be used 
to turn short tapers and bevels. The taper attachment discussed in 
Chapter 9 is the approved method for turning work mounted 
between lathe centers. 

Taper per Foot 
Length of the work and the difference in diameters of the two ends 
are the important factors in calculating taper. The formula for 
determining taper per foot is: 

Taper per foot (inches) = 

major diameter - minor diameter X 12 
length (inches) 

3 - 2.5 
Taper per foot = - 

10 
x 12 

0.5 --  - x 12 = 0.6 inch 
10 

Calculating Tailstock Setover 
For a given taper, the tailstock must be set over a distance equal to 
one-half the total amount of taper for the entire length of the work- 
piece. If the tailstock setover is unchanged for workpieces of differ- 
ent lengths, the pieces will not have the same taper (Figure 7-31). 

The distance that the top of the tailstock must be offset depends 
on the desired taper per foot and the overall length of the work- 
piece. On a typical lathe, the upper part of the tailstock is locked in 
position by two headless setscrews (A and B in Figure 7-32) located 
on the front and back of the base casting. To offset the tailstock, 
loosen the tailstock clamping nut, loosen the setscrew on the side 
toward which the tailstock is to be moved, and tighten the opposite 
setscrew. The index line C at the handwheel end of the tailstock can 
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Figure 7-3 1 Note the effect of the length of stock on taper per foot 
when the offset tailstock method is used. 

TOP 

BASE 

Figure 7-32 Note the location of the setscrews for offsetting the 
tailstock t o  turn a taper. 

be used to  indicate the amount of setover. The amount of tailstock 
setover can also be measured with a steel rule at the lathe centers 
(Figure 7-33). 

The following formulas can be used to  calculate the amount of 
tailstock setover. 

When the taper per foot is given: 

taper per foot length of taper in inches 
Setover = 

2 
X 

12 

Figure 7-33 A method of measuring the amount of tailstock offset. 

When the entire length of the piece is to  be tapered, and the 
diameters at the ends of the tapers are given: 

major diameter - minor diameter 
Setover = 

2 

When only a portion of the piece is to  be tapered, and the diam- 
eters at the ends of the tapered portion are given (see Note): 

total length of work 
Setover = 

length to  be tapered 

major diameter - minor diameter 
X 

'l 

Note 
A taper greater than 1 inch per foot on stock 6 inches or less in 
length is usually turned by tapering only a portion of a longer piece 
of stock, removing the waste portion after completing a taper. This 
avoids a small inaccuracy that results from misalignment of the 
angle of the lathe centers and the angle of the countersunk holes in 
each end of the stock. 

Taper Turning with the Compound Rest 
This method is usually used for turning and boring short tapers 
and bevels-especially for bevel gear blanks and for die and 
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pattern work. The compound rest should be set at the proper angle 
k d  the taper machined by turning the compound-reit fekd screw 
by hand (Figure 7-34). All angular or  bevel turning should be 
checked with a gauge as the operation progresses, because it is dif- 
ficult to set the compound-rest swivel accurately for the desired 
taper. 

Figure 7-34 The 
compound rest method o f  
machining a 60" lathe 
center. 

Filing on the Lathe 
You may have t o  resort to  filing to  produce a good finish or to  
bring the work down to size. However, filing does not replace 
finishing by turning. If the work is within one or  two thou- 
sandths of finished size, and if specifications demand that the 
work be closer to  finishe'd size, th[work can be filed while in the 
lathe. 

When it is necessary to file on the lathe, the file should be held 
with the handle in the palm of one hand with the thumb on the top. 
The thumb of the other hand should be placed on top near the end 
of the file with the fingers curled over the end and gripping the file 
from underneath (Figure 7-35). 

Only light pressure should be applied on the forward stroke, 
releasing the pressure on the back stroke without lifting the file 
from the work and taking slow, even strokes. The file should not be 
held in one place on the work, but should be moved diagonally 
across the work, alternating the stroke from left to  right and right 
to left. 

Figure 7-35 Filing a workpiece mounted between centers on the 
lathe. (Courtesy Nlcolson F~le Company) 

Summary 
The precision of any lathe depends on the rigidity of the base under 
the lathe bed. There should be enough space around the area for 
freedom of movement and adequate lighting to perform all opera- 
tions without eyestrain. 

Good finished work can be turned out on the lathe if the job is 
planned in advance. All parts are manufactured in a given opera- 
tional sequence. Lathe operations are not difficult if the work is 
planned properly. 
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Success in the work depends on the proper cutting speed. A cut- 
ting speed that is too slow can waste time and material, and a speed 
that is too high can burn the cutting tools. Lathes are provided with 
a range of speeds that is ample to meet all conditions. The cutting 
speed is the speed in feet per minute at which the surface of the 
work passes the cutting tool. The cutting speed at which the work 
passes the cutting edge of the tool is the chief factor in selecting the 
proper headstock spindle speed for a given material. 

Center drilling is a very important premachining operation 
because the piece to be turned is supported on the lathe centers. The 
center holes are prepared by drilling and countersinking a hole in 
each end of the workpiece. 

Center holes are very important because the piece to be turned is 
supported on the lathe center with the help of these holes. The stan- 
dard angle is 60°, and the center hole should be deep enough so 
that the point of the lathe center does not strike the bottom of the 
hole. After the ends have been faced and center drilled, the work 
should be turned to the specific diameter. 

Theoretically, the correct height of a cutting tool is at a point 
where a line through the front edge of the cutting tool coincides 
with a line tangent to the work. This corresponds to zero front 
clearance. The theoretically correct height setting is ideal for a per- 
fectly ground cutting tool. However, as the tool becomes dull, the 
point rounds off slightly. Hence, the correct setting is actually 
slightly below the theoretically correct height setting. 

In practical straight turning between centers, the cutting edge of 
the tool should be set at about 5" above center, or 3/64 (0.046875) 
inch per inch diameter of the work. Taper turning, boring, and 
thread-cutting also require the cutting tool to be set "on center." 

An engine lathe should have a large faceplate for mounting work 
that cannot be held conventionally in a chuck. Some irregular 
pieces cannot be machined by attaching them directly to the face- 
plate. Workpieces too large to mount on a faceplate (or in a chuck) 
can be anchored to the lathe carriage, and the cutting tool mounted 
between the lathe centers. 

The removal of stock from a hole in the workpiece while it is 
being rotated by a lathe is called boring. The surface of a workpiece 
can be checked or roughened by rolling depressions into it by 
means of a knurling tool. In machining an eccentric with a hub, the 
centers of the eccentric should be laid out, the eccentric mounted on 
a faceplate and centered with respect to the center of the shaft 
through the hub, and a hole bored for the shaft. A taper is a cone- 
shaped surface-the diameter diminishing uniformly as the distance 

increases from the largest portion. Taper is measured as taper 
(inches) per foot. 

Review Questions 
I. Why are center holes drilled in pieces to be turned? 

2. Why is the proper speed important in working with a lathe? 
3. What is the standard angle for center holes? 
4. What happens if the lathe centers are not properly aligned? 
5. Why should a lathe be level? 
6. What is meant by "feed"? 
7. Why is the center-drilled hole important on a piece of stock? 
8. What is a facing operation on a lathe? 
9. Why is the turning tool set at a slight angle? 

10. What is the next step after completing the cut with the car- 
riage handwheel? 

I I .  How does a cutoff tool differ from a turning tool? 
12. How is work held on a faceplate for turning? 

13. What is the purpose of an angle plate? 
14. How can drilling be done on a lathe? 
15. How is reaming done on a lathe? 
16. What is eccentricity? 
17. How do you calculate tailstock setover? 
18. How do you turn an eccentric? 
19. What is a knurling tool? 
20. What does the term "taper per foot" mean? 



Cutting Screw Threads 
on the Lathe 
The screw thread is a very important mechanical device used for 
adjusting, fastening, and transmitting motion. Thread-cutting in 
the engine lathe requires a thorough knowledge of thread-cutting 
principles and procedures. 

Screw Thread Systems 
The threading operation actually involves cutting a helical groove 
of definite shape or angle, with a uniform advancement for each 
revolution, either on the surface of a round piece of material, or 
inside a cylindrical hole. Threads are either right-hand threads 
(advanced clockwise) or left-hand threads (advanced counterclock- 
wise). 

A number of thread systems are in use, which can result in con- 
fusion for a mechanic or machinist. Therefore, a mechanic or 
machinist should be familiar with the standard systems and their 
adaptations. 

Screw Thread Forms 
The most-used forms of screw threads have symmetrical sides 
inclined at equal angles with a vertical centerline through the apex 
of the thread. The Unified, Whitworth, and Acme forms are exam- 
ples. The Sharp-V was an early form of thread that is now used 
only occasionally. The symmetrical threads are easy to manufacture 
and are widely used as general-purpose fasteners. 

In addition, the so-called translation threads are used to move, or 
translate, machine parts against heavy loads. Thus, a stronger 
thread is required. Some of these translation threads that are widely 
used are the square, Acme, and buttress threads. The square thread 
is the most efficient of these threads. However, it is the most diffi- 
cult to cut because of its parallel sides, and it cannot be adjusted to 
compensate for wear. The Acme thread is only slightly weaker and 
less efficient, and it has none of the disadvantages of the square 
thread. The buttress thread is used to translate loads in one direc- 
tion only. It combines the ease of cutting and adjustment of the 
Acme thread with the efficiency and strength of the square thread. 
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Figure 8- 1 Sharp-V thread 
form. (Courtesy Machinery's Handbook 

The lndustriol Press) 

Figure 8-2 American 
National thread form. 
(Courtesy Mochinery's Hondbook The 

lndustriol Press) 

Sharp-V Thread 
The top and bottom of the thread are 
theoretically sharp, but they are made 
slightly flat in actual practice. The 
sides form an angle of 60" with each 
other (Figure 8-1). 

American National Screw Thread Forms 
This form was the standard thread 
used in the United States for many 
years (Figure 8-2). The thread form is 
practically the same as the American 
Standard for Unified Threads now in 
use, except for certain modifications. 

American Standard for Unified 
Screw Threads 
In 1949 the American Standard 
Association approved the revision of 
the American Standard Screw 
Threads for Bolts, Nuts,  Machine 
Screws, and Threaded Parts to cover 
the Unified screw threads on which 
the United States, Canada, and Great 
Britain reached agreement on nomi- 
nal dimensions and size limits to 

obtain screw thread interchangeability among the three nations. 
The Unified threads are now the basic American standard for the 
fastening types of screw threads (Figure 8-3). These threads have 
practically the same thread form and are mechanically interchange- 
able with American National threads of the same diameter and 
pitch. The principal differences in the two systems are the differ- 
ence in amount of pitch-diameter tolerance on external and internal 
threads and the variation of tolerances with size. 

In the American National system only the Class 1 external 
thread has an allowance, but in the Unified system an allowance is 
provided on both Classes 1A and 2A external threads. Also, the 
pitch-diameter tolerance of external and internal threads is equal in 
the American National system, whereas in the Unified system the 
pitch-diameter tolerance of an internal thread is 30 percent greater 
than that of the external thread. 

In the Unified system, the crest of the external thread can be 
either flat (preferred by American industry) or rounded (preferred 

Figure 8-3 Basic form of 
Unified screw threads. 

AXIS  OF INTERNAL THREAD 

(A) Internal threads. 

HI8 ROUNDED OR FLAT CREST 
t . / 

(B) External threads. 

by British industry). The crest is flat 
on internal threads. Otherwise, the 
Unified thread is practically the 
American National form long used 
in the United States. 

rpl 
I-- l b  0.5p+--I 
0.5P 

Square Thread U U L  
The Acme thread has largely 'A' 

replaced the square thread. Even Figure 8-4 Square thread 
though the square thread is stronger form. (Courtesy Machlner@ Handbook 

and more efficient, it is difficult to Thei"uslilOIPress) 

produce economically because of its 
perpendicular sides (Figure 8-4). 

American Standard Acme Screw Threads 
This standard provides three classes of general-purpose Acme 
threads for use in assemblies that require a rigidly fixed internal 
thread and have a lateral movement of the external thread limited 
by its bearing or bearings (Figure 8-5). The standard also provides 
five classes of centralizing Acme threads. 

American Standard Stub Acme Screw Threads 
A Stub Acme screw thread is used for unusual applications where a 
coarse-pitch thread with a shallow depth is required. 



170 Chapter 8 Cutting Screw Threads on the Lathe 17 1 

Figure 8-5 Acme thread 
form. 

- 1 . 1 -  

Figure 8-6 Buttress thread 
form. (Courtesy Machrneri Handbook 

The Industrial Press) 

Figure 8-7 Whitworth 
thread form. (Courtesy Machrneryi 

Handbook The industrrai Press) 

American Standard Buttress Screw Threads 
This form of thread is used where 
high stresses along the thread axis in 
one direction only are involved 
(Figure 8-6). It is particularly applica- 
ble where tubular members are 
screwed together. 

Dardelet Thread 
This is a patented self-locking thread 
designed to resist vibrations and to 
remain tight. The nut turns freely 
until it is seated tightly against a 
resisting surface. Then, it shifts to the 
locking position because of a wedging 
action between the tapered crest of 
the thread of the nut and the tapered 
root of the thread of the bolt. 

Whitworth Standard Screw Thread Form 
Since the Unified thread has been 
standardized, the British Whitworth 
form of parallel screw thread is 
expected to be used only for spare or 
replacement parts (Figure 8-7). 

International Metric Thread System 
This thread form was addpted at the 
International Congress for standard- 
ization of screw threads at Zurich, 
Switzerland, in 1898. It is similar to 
the American Standard thread, except 
for the depth, which is greater. 

American Standard for Unified Miniature 
Screw Threads 
These threads are intended for use as 
general-purpose fastening screws in 
watches, instruments, and miniature 
assemblies or mechanisms. Except for 
its basic height and depth of engage- 
ment, the threads are identical to the 
American and Unified basic thread 
form. 

ScrewThread Series 
Diameter-pitch combinations are grouped to form thread series, 
which are distinguished by the number of threads per inch as 
applied to a specific diameter. There are 11 standard series combi- 
nations. 

Coarse-Thread Series (UNC) 
The most commonly-used series in the bulk production of bolts, 
screws, nuts, and other general applications is the coarse-thread 
series. It is used for threading materials having a low tensile 
strength, such as cast iron, mild steel, bronze, brass, aluminum, and 
plastics (see Table 8-1). 

Table 8- 1 C o a r s e- T h r e a d  Series, UNC a n d  NC- Basic 
D i m e n s i o n s  ( U N R C )  

Lead 
Angle at 

Basic 
Pitch 

Minor Diameter Diameter 

Basic Basic Area of Tensile 
Major Threads Pitch Exterior Interior Minor Stress 
Diame- per Diame- Threads, Threads. Diame- Area, 

Sizes ter. in. Inch ter, in. in. in. Deg Min. ter, in.' in.' 

1 (.073)' 0.0730 64 0.0629 0.0538 0.0561 4 31 0.00218 0.00263 
22 0.00310 0.00370 
26 0.00406 0.00487 
45 0.00496 0.00604 
11 0.00672 0.00796 
50 0.00745 0.00909 
58 0.01196 0.0140 
39 0.01450 0.0175 
1 0.0206 0.0242 

11 0.0269 0.0318 
40 0.0454 0.0524 
24 0.0678 0.0775 
20 0.0933 0.1063 

7 0.1257 0.1419 
59 0.162 0.182 
56 0.202 0.226 
40 0.302 0.334 
31 0.419 0.462 

(continued) 
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Table 8- 1 (continued) 

Lead 
Angle at 

Basic 
Pitch 

Minor Diameter Diameter 

Basic Basic Area of Tensile 
Major Threads Pitch Exterior Interior Minor Stress 
Diome- per Diame- Threads, Threads, Diame- Area, 

Sizes ter, in. Inch ter, in. in. in. Deg Min. ter, in.' in.' 

Courtesy Machinery's HandbookThe Industrial Press 

Fine-Thread Series (UNF) 
This series is suitable where the coarse series is not applicable for 
the production of bolts, screws, and nuts. The fine-thread series is 
used where the length of thread engagement is short and the wall 
thickness demands a fine pitch (see Table 8-2). 

Extra-Fine Thread Series (UNEF) 
This series can be used in most conditions applicable for fine 

threads. It is used where even finer threads are desirable, as for 
thin-walled tubes, couplings, nuts, or ferrules (see Table 8-3). 

Svew Thread Terms 
The mechanic or machinist should become familiar with the fol- 
lowing terms commonly used in connection with screw thread sys- 
tems and thread-cutting operations: 

Allownnce-A prescribed difference between the dimensions 
of mating parts. "Maximum allowance" is the difference 

Table 8-2 Fine-Thread Series, UNF, UNRF, 
and NF-Basic Dimensions 

Lead 
Angle at 

Basic 
Pitch 

Minor Diameter Diameter 

Basic Basic Areo of Tensile 
Major Threads Pitch Exterior Interior Minor Stress 
Diame- per Diame- Threads, Threads, Diame- Area, 

Sizes ter, in. Inch ter, in. in. in. Deg Min. ter. in.' in.' 

0 (.060) 0.0600 0.0519 0.0447 0.0465 23 0.00151 0.00180 

Courtesy Machinery's HandbookThe lndustrial Press 

between a minimum external and a maximum internal part. 
"Minimum allowance" is the difference between a maximum 
external and a minimum internal part. A "negative 
allowance" is the overlap, or interference, between the dimen- 
sions of mating parts. Allowance provides for variations in fit. 

* Angle of thread-The included angle between the sides of the 
thread, measured in an axial plane. 
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Table 8-3 Extra-Fine-Thread Series, UNEF, UNREF, 
and NEF-Basic Dimensions 

Basic 
Major  
Diame- 

Sizes ter, in. 

Lead 
Angle a t  

Basic 
Pitch 

Minor Diameter Diameter 

Basic Area of Tensile 
Threads Pitch Exterior Interior Minor  Stress 
per Diame- Threads, Threads. Diame- Area, 
Inch ter, in. in. in. Deg Min .  ter, in.' in.' 

32 0.1957 0.1777 0.1822 2 55 0.0242 0.0270 

Courtesy Machmeryi Handbook, The lndustnal Press 

Axis of screw-The longitudinal central line through the 
screw from which all corresponding parts are equally distant. 
Base of thread-The bottom section of a thread; the largest 
section between two adjacent roots. 
Basic-The theoretical or nominal standard size from which 
all variations are made. 

* Crest-The top surface joining the two sides of a thread. 
* Crest Clearance-Defined on a screw form as the space 

between the crest of a thread and the root of its component. 
0 Depth of engagement-The depth of a thread in contact, of 

two mating parts-measured radially. 
0 Depth of thread-The depth, in profile, is the distance 

between the top and the base of the thread (see Table 8-4). 
* External thread-A thread on the outside of a member, as on 

a threaded plug. 
Helix angle-The angle made by the helix of the thread at the 
pitch diameter with a plane perpendicular to the axis. 
Internal thread-A thread on the inside of a member, as in a 
thread hole. 
Lead-The distance a screw thread advances axially in one 
turn. On a single screw thread, lead and pitch are identical; on 
a double screw thread, lead is twice the pitch, and so on. 
Length of engagement-The length of contact between two 
mating parts-measured axially. 

9 Limits-The extreme dimensions prescribed to provide for 
variations in fit and workmanship. 
Major diameter-The largest diameter of the thread of a screw 
or nut. The term replaces "outside diameter," as applied to the 
thread of a screw, and "full diameter," as applied to the thread 
of a nut. 

* Minor diameter-The smallest diameter of the thread of a 
screw or nut. The term replaces "core diameter," as applied to 
the thread of a screw, and "inside diameter," as applied to the 
thread of a nut. 
Neutral space-The space between mating parts that must 
not be encroached upon. 
Number of threads-The number of threads in one inch of 
length. 
Pitch-The distance from a point on a screw thread to a cor- 
responding point on an adjacent thread, measured parallel to 
the axis. 
Pitch diameter-On a straight screw thread, pitch diameter is 
the diameter of an imaginary cylinder, the surface of which 
would pass through the threads at such points as to make 
equal the width of the threads and the width of the spaces cut 
by the surface of the cylinder. 



176 Chapter 8 Cutting Screw Threads on the Lathe 177 

Table 8-4 Double Depth (DD) of Threads 

Am. Nat. Am. Nat. 
Threads V Form D Whitworth Threads V Form D Whitworth 

per Threads D US. Standard per Threads D US. Standard 
Inch N D D Std. D D  Inch N D D Std. D D 

Note the foliowmg. 

1.733 
DD = -- for V thread 

N 

1.299 
DD = --for Am. Nat. Form, U.S. Std. 

N 

1.28 
DD = - for Whitworth Standard 

N 

Courtesy Slorrett 

* Root-The bottom surface joining the sides of adjacent threads. 

r Screw thread-A ridge of a desired profile generated in the 
form of a helix either on the inside or on the outside surface 
of a cylinder or cone. 
Side of thread-The surface of the thread that connects the 
crest with the root. 

Tolerance-The amount of variation permitted in the size of a 
part. It is the difference between the limits or maximum and 
minimum dimensions of a given part. Tolerance may be 
expressed as plus, minus, or as both plus and minus. Total tol- 
erance is the sum of a plus and minus tolerance. Net tolerance 
is the total tolerance reduced by gauge manufacturing toler- 
ances and wear limits of the part. 

Change-Gear Calculations 
In the absence of an index chart showing gear combinations for vari- 
ous threads, it is necessary to calculate the proper gears to use for cut- 
ting threads. On lathes equipped with tumbler reverse gears, it must 
first be determined whether the lathe is even-geared or odd-geared. 

On an even-geared lathe, the stud gear revolves at the same speed 
as the spindle gear (that is, the two gears are equal in size). If the stud 
gear revolves at any other speed, the lathe is an odd-geared lathe. 

Change Gears 
Change gears are either simple or compound in form. In simple 
gearing, an idler gear is used to transmit motion from the stud gear 
to  the lead screw gear (Figure 8-8). In compound gearing, the idler 
is combined with another gear of different size. As the two gears are 
keyed together, the assembly no longer functions as an idler, but as 
a first-stage ratio reduction between the stud gear and the lead 
screw gear (Figure 8-9). This "compound gear assembly" is neces- 
sary when a large ratio between the stud gear and lead screw gear is 
required to  cut extra-fine threads. 

Simple Gearing 
The ratio between the number of teeth on the stud gear and the lead 
screw gear must be determined. The ratio depends on the pitch of 
the lead screw and the number of teeth to be cut. This is expressed 
as the following formula: 

threads per inch on lead screw 
Change-gear ratio = 

number of threads to be cut 
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GEAR 

Figure 8-8 Simple gearing for cutting screw threads on a change-gear 
lathe. 

SMALL 
COMP. 
GEAR 

Figure 8-9 Compound gearing for cutting screw threads on a change- 
gear lathe. 

For example, to  determine the size of the stud gear and the lead 
screw gear required to  cut 12  threads per inch in a lathe having a 
lead screw with 8 threads per inch, use the following formula: 

8 
Gear ratio = - 

12  

To cut 12  threads per inch, the spindle (or stud gear on an even- 
g a r e d  lathe) must make 12  revolutions to  8 revolutions of the lead 
screw. Thus, if gears of 12  teeth were available, they would cut the 
required thread. Because these gears are impossible, multiply each 
by a common number to  obtain the desired gears available in the 
change-gear set as follows: 

1. Stud gear = 8 x 3 = 24 teeth 
2. Lead screw gear = 12  x 3 = 36 teeth 

Because change gears of various sizes are used, the distance 
between gears will vary. Therefore, an idler gear must be used to  
transmit the motion (Figure 8-10). The idler gear does not change 
the gear ratio. 

Figure 8-10 Diagram of simple change gearing. 

Compound Gearing 

GEAR 

when  the gearsware arranged in a train, they are said to  be com- 
pounded. As in simple gearing, the gear ratio must be determined 
between the stud Pear and the lead screw eear. To illustrate the " 
necessity for comp&nd gearing, suppose that it is desired to  cut 80 
threads per inch in a lathe having a lead screw with 8 threads per 
inch. Use the following formula: 

8 
Gear ratio = - 

80 

To cut 80 threads per inch, the spindle (or stud gear in an even- 
geared lathe) must make 80 revolutions to 8 revolutions of the lead 
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screw. It is impossible to use gears with 8 and 80 teeth to cut the 
required thread. Multiply the number of teeth by a common num- 
ber to obtain gears within the range of the change-gear set. Because 
a 16-tooth gear is usually the lowest number of teeth furnished in 
the set, multiply by 2 as follows: 

I. Stud gear = 8 X 2 = 16 teeth 
2. Lead screw gear = 80 X 2 = 160 teeth 

Because a 160-tooth gear is entirely out of range of most equip- 
ment, and the required diameter would probably be too large to 
mesh with the stud gear, compound gearing is necessary so that 
smaller gears can be used. 

For example, to determine the compound gears necessary to cut 
80 threads per inch on a lathe having a lead screw with 8 threads 
per inch, the following procedure can be used: 

I. The ratio between the stud gear and the lead screw gear is as 
follows: 

8 
Total ratio = - 

80 

2. Because this is a 10 to 1 ratio, the stud gear must make 10 
revolutions to 1 revolution of the lead screw. Factor the total 
ratio as follows: 

3. Multiply each term by a common number (8, for example), 
and obtain the required gears as follows: 

4. Place these gears in the following order: 16, 64, 32, and 80. 
Use the 16-tooth gear as the stud gear, use the 64- and 32- 
tooth gears for the compound gear assembly, and place the 
80-tooth gear on the lead screw (Figure 8-11). This gear setup 
will provide a 10 to 1 ratio or speed reduction between the 
lathe spindle and the lead screw. 

Cutting Screw Threads on the Lathe 18 1 

STUD GEAR 

GEAR 

COMPOUND GEAR ASSEMBLY 

Figure 8-1 1 Diagram of compound change gearing. 

Compound gearing actually consists of two ratios whose prod- 
uct is equivalent to the total ratio as follows: 

16 1 
First ratio = - = - 

64 4 

32 1 
Second ratio = - = - 

80 2.5 

and 

Total ratio = first ratio X second ratio 

When compound gearing is used, the ratio of the compound 
gears is usually 2 to 1, so that the threads are twice the number per 
inch as when simple gearing is used. Therefore, the following pro- 
cedure can be used: 

I .  Calculate as in simple gearing: 

8 (stud gear) 
Gear ratio = 

40 (lead screw gear) 

2. Doubling these figures results in 16 teeth for the stud gear and 
80 teeth for the lead screw gear, respectively. Selecting, for 
example, 18- and 36-tooth gears for the compound assembly, 
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the setup would be as follows: A 16-tooth gear for the stud 
gear, 36- and 18-tooth gears for the compound assembly, and 
an 80-tooth gear for the lead screw (Figure 8-12). Thus, the 
following ratios are: 

16 1 
Stud gear to lead screw gear ratio = - = - 

80 5 

18 1 
Compound assembly ratio = - = - 

36 2 

and 

1 1  1 
Total ratio = - x - = - 

5 2 10 

STUD SCREW R A T I O  

16/80 - 115 

COMPOUND ASSEMBLY 

R A T I O  18136 - 112 

TOTAL R A T I O  

1 REVOLUTION 

Figure 8-12 Diagram showing use of total ratio in a compound 
change-gear setup. 

Quick-Change Gear Lathes 
The quick-change gearbox permits the operator to obtain the vari- 
ous pitches of threads without using loose gears. All lathes 
equipped with quick-change gearboxes have index plates or charts 
for setting up the lathe to cut various threads. It is necessary only to 
arrange the levers on the gearbox for the various threads per inch, 
as indicated on the index plate. 

?g SECTION AA p p # r ~ s \  
FRONT 

SIDE CLEARANCE 
€9 TO 15O 

w 
Figure 8- 13 Tool for cutting Sharp-V threads. 

Thread-Cutting Tools 
The shape of the cutting tool depends on the type of thread to  be 
cut.   he tool must be i round and set accuratelv. or the correct " , , 
thread form will not be tolerated. Various gauges are available that 

u u 

can be used as guides in grinding. 
The shape of the cutting tool for cutting a Sharp-V 60" thread is 

shown in F i ~ u r e  8-13. Sometimes the " 
~ o i n t  is not ground off. and the thread A 290 

is cut with tvhe sharp-V bottom (obso- 
lete); this should never be done when 
maximum strength is desired. 

The Acme screw thread form is often 
found in power transmissions where 
heavy loads necessitate close-fitting 
threads. Another common application 
for Acme threads is in the lead screws 
and feed screws of precision machine 
tools. The cutting tool for cutting exter- 
nal Acme threads is shown in Figure 8- 
14, and the cutting tool for internal 
Acme threads is shown in Figure 8-15. 

The square thread form is used for 
many vise and clamp screws. In cutting 
a square thread with a large lead, the 

SECTION A A  f 
Figure 8- 14 Tool for cut- 
ting an external Acme 
thread. 
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ANGLE 

BACK RA 
ANGLE 

END VIEW 

S IDE  4 
CLEARANCE ANGLE 

Figure 8- 15 Tool for cutting an internal Acme thread. 

tool angles must be absolutely correct. Clearance should be allowed 
on two sides, tapering from both the top and front of the tool. The 
tool must be fed directly into the work with the cross feed (or com- 
pound-rest feed), and care must be taken to avoid chatter and 
"hogging in." The tool for cutting external square threads is shown 
in Figure 8-16, and the tool for cutting internal square threads is 
shown in Figure 8-17. 

FRONT 

16 11p 

SIDE 

Figure 8- 16 Tool for cutting external square threads. 

Figure 8- I 7  Tool for 
cutting internal square 
threads. 

u 
CCARANCE ANGLE 

The Whitworth thread form has been used mostly in England. 
Great care is required in grinding this cutting tool, so that it will 
produce the correct radius at both the top and bottom of the screw 
thread. 

Thread-Cutting Operations 
The Sharp-V thread is used as an example for thread cutting. If a 
change-gear lathe is used, the change gears should be properly in 
mesh, and the operator should note the following: 

For right-hand threads, the carriage must travel toward the 
headstock. 

For left-hand threads, the carriage must travel toward the tail- 
stock. 

Reversing the direction of rotation of the lead screw (by shift- 
ing the tumbler gears) will cause the carriage to move in the 
opposite direction, without changing the direction of spindle 
rotation. 

Preliminary Setup for Thread Cutting 
If a lathe with a quick-change gearbox is used, it is necessary only 
to place the tumbler levers in the proper position to cut the desired 
number of threads per inch, as indicated on the index plate. In 
addition to setting up the lathe to cut the desired number of 
threads per inch, the cutting tool and the work must be mounted 
properly. 

Setting the Cutting Tool 
For cutting external threads, the top of the threading tool should be 
placed exactly on center (Figure 8-18). The tool should be set 
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Figure 8- I 8  Set the top of the 
cutting tool exactly on center 
when cutting screw threads. 

Figure 8- 19 Setup for cutting a 60" American National standard 
thread. (Courtesy cincrnnatr Milacron Co.) 

square with the work (Figure 8-19). The center gauge can be used 
to  adjust the point of the cutting tool so that the angle of the thread 
will be correct. 

For cutting internal threads, the cutting tool should also be set 
exactly on center and square with the work (Figure 8-20). The boring 
bar should be as large in diameter and as short in length as possible 
to prevent springing. Allow sufficient clearance between the thread- 
ing tool and the inside diameter of the hole to permit backing out the 

Figure 8-20 Set the cutting tool 
square with the work when 
cutting internal screw threads. 

u 

tool when the end of the cut has been reached. More front clearance 
is required in cutting internal threads, to prevent the heel of the cut- 
ting tool from rubbing, than when cutting external threads. 

Setting the Compound Rest 
For cutting 60" screw threads, the compound rest should be set at an 
angle of 29" (see Figure 8-19). The depth of cut can be adjusted on 
the compound-rest micrometer dial. Most of the metal is removed 
by the left-hand side of the threading tool when the compound rest 
is set at an angle of 29" (Figure 8-21). This permits the chip to curl 
out of the way and prevents tearing the thread. Because the angle on 
the side of the threading tool is 30°, the right-hand side of the 
threading tool will shave the thread smoothly, leaving a fine finish, 
although it does not remove enough metal to interfere with the main 
chip (which is removed by the left-hand side of the threading tool). 

Figure 8-2 1 Action of the thread-cutting tool when the compound 
rest is set at a 29' angle. 
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Cutting Oil for Thread Cutting 
Either lard oil or machine oil should be used if a smooth thread is 
desired on steel. The oil should be applied generously before each 
cut to  prevent tearing the steel by the cutting tool, causing a rough 
finish on the sides of the threads. 

Cutting the Threads 
After the lathe has been set to cut the desired number of threads per 
inch, and both the thread-cutting tool and work have been mounted 
properly, a very light trial cut should be taken (Figure 8-22). The 
chief purpose of the trial cut is to make certain that the desired 
thread pitch is being obtained. 

Figure 8-22 A trial cut 
can be used t o  check the 
lathe setup for the correct 
thread. 

The number of threads per inch can be checked by placing a 
steel rule against the work so that the end of the rule rests on the 
point of a thread or one of the scribed lines (Figure 8-23). The 

Figure 8-23 A method o f  checking screw thread pitch. 

number of spaces between the end of the rule and the first inch 
mark indicates the number of threads per inch (11 % threads per 
inch in Figure 8-23). 

Use of Thread Stop 
The thread stop can be used to relocate the cutting tool for each 
successive cut (Figure 8-24). The thread-cutting tool must be with- 
drawn quickly after each cut to  prevent the point of the tool from 
digging into the metal. It is difficult to  stop the threading tool 
abruptly, so provision for clearance is usually made at the end of 
the cut. A neck or groove provides clearance for the tool to run out 
at the end of the cut. 

CROSS FEED SCREW THREAD C U l l I N G  STOP 

ADJUSTING S$REW /g  

MICROM~TER COLLARS 

Figure 8-24 A thread stop attached t o  the dovetail o f  the saddle. 
(Courtesy South Bend Lathe, inc) 

The point of the cutting tool should be set so that it touches the 
work lightly. Then, the thread stop should be locked to the saddle 
dovetail at about l/4 (0.25) inch from the base of the compound 
rest. The thread stop adjusting screw should be turned until the 
shoulder is tight against the stop. 

To withdraw the cutting tool after each successive cut, turn the 
cross-feed handle several turns to the left, and return the carriage to 
the point where the thread is to  begin. Then, turn the cross-feed 
handle to  the right until the thread-cutting stop screw contacts the 
thread stop. This places the cutting tool in its original position. 
Turn inward 0.002 inch or 0.003 inch on the compound-rest 
micrometer collar for each successive cut. 
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Use of the Thread Dial Indicator 
The thread dial indicates the relative positions of the lead screw, the 
carriage, and the spindle of the lathe (Figure 8-25). This permits dis- 

engaging the half-nuts at the end of a cut, 
returning the carriage quickly to the start- 
ing point by hand, and re-engaging the 
half-nuts at the correct point to  ensure that 
the cutting tool is following exactly in the 
original cut. 

When the gear on the lower end of the 
thread dial indicator meshes with the lead 
screw, any movement of the carriage or 
lead screw is indicated by a corresponding 
movement on the graduated dial at the 
top. The points of half-nut engagement 
will vary with the individual lathe. For 

Figure 8-25 Thread example, on the thread dial indicator 
dial indicator attached shown in Figure 8-25, the points at which 
to the lathe carriage. the half-nuts may be engaged for succes- 
(Courtesy  SOU^^ Bend Lothe, incj sive cuts will be indicated as follows: 

For even-numbered threads, engage the half-nuts at any line 
on the dial, or each 1/8 revolution. 
For odd-numbered threads, engage the half-nuts at any num- 
bered line on the dial or each l/4 revolution. 

For half-numbered threads (11% threads per inch), close the 
half-nuts at any odd-numbered line, or each '/2 revolution. 

For quarte~numbered threads (43/4 threads per inch), return 
to the original starting point for each successive cut. 

Resetting the Threading Tool 
If it is necessary to remove the threading tool before the thread has 
been completed, the tool must be carefully adjusted to follow the 
original groove when it is replaced in the lathe. All lost motion can 
be taken up by rotating the drive belt by hand. By adjusting the com- 
pound-rest and the cross-feed screws simultaneously, the threading 
tool can be adjusted to enter the original groove. 

Fitting and Checking Threads 
A screw thread pitch gauge can be used to check the finer pitches of 
threads (Figure 8-26). Either the nut that is to  be used on the thread or 
a ring type of thread gauge can be used to check the thread 

Figure 8-26 A screw thread 
pitch gauge. (Courtesy South Bend Lathe, 

Inc) 

(Figure 8-27). The nut should fit 
snugly without any play, but it 
should not bind on the thread at any 
point. 

Finishing the End of a Thread 
A 45" chamfer is commonly used to 
finish the end of a thread on bolts, I ) cap screws, and so on (Figure 8-28): 
A forming tool is often used to round 

Figure 8-27 Fitting a screw the ends of machine parts and special 
thread to a nut to  check fit. s,,ews ( ~ i ~ ~ ~ ~  8-29). 
(Courtesy South Bend Lathe, lnc.) 

Figure 8-28 A 45" chamfer is 
commonly used to finish the 
end of the screw thread on 
bolts, cap screws, and so on. 

Figure 8-29 Finishing the end 
o f i  thread by rounding with a 
forming tool. 
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Summary 
The screw thread is a very important mechanical device used for 
adjusting, fastening, and transmitting motion. Thread cutting with 
the engine lathe requires a thorough knowledge of thread-cutting 
principles and procedures. 

The most common form of screw thread is one that has symmet- 
rical sides inclined at equal angles to a vertical centerline through the 
apex of the thread. The American National screw thread was the 
standard thread used in the United States for many years, but now 
has been replaced by the Unified, Whitworth, and Acme forms. In 
the Unified system, the crest of the external thread can be either flat 
(preferred by American industry) or rounded (preferred by British 
industry). The crest is flat on internal threads. Otherwise, the 
Unified thread is practically the American National form long used 
in the United States. 

Diameter pitch combinations are grouped to form thread series 
that are distinguished by the number of threads per inch applied to 
a specific diameter. There are 11 standard series combinations (such 
as course-thread, fine-thread, and extra-fine thread). 

The shape of the cutting tool depends on the type of thread to 
be cut. The tool must be ground and set accurately, or the correct 
thread form will not be obtained. Various gauges are available that 
can be used as guides in grinding. The Whitworth thread form has 
been used mostly in England. Extreme care is required in grinding 
this cutting tool so that it will produce the correct radius at both 
the top and bottom of the screw thread. The Acme screw thread 
form is often found in power transmissions where heavy loads 
necessitate close-fitting threads. Another common application for 
Acme threads is in the lead screws and feed screws of precision 
machine tools. The square thread form is used for many vise and 
clamp screws. 

Review Questions 
I .  Name the various screw thread forms. 
2. What country uses the Whitworth thread form? 
3. What is meant by the angle of thread? 
4. What standard thread was used for years in the United States? 
5. What is meant by length of engagement? 
6. What is now the basic standard screw thread in the U.S.? 
7. What screw thread has largely replaced the square thread? 

8. What is the Dardelet thread? 
9. When and where was the International Metric Thread System 

adopted? 
10. What do the following mean? 

A. UNC 
B. UNF 
C. UNEE' 

I I. Identify the following terms: 
A. Angle of thread 
B. Axis of screw 
C.  Base of thread 
D. Basic 
E. Crest 
F. Crest clearance 
G. Depth of engagement 
H. Depth of thread 
I. External thread 
J. Helix angle 

12. What is meant by the pitch of a screw thread? 
13. Where is the root of a thread located? 
14. What is the difference between simple and compound gears? 
15. What is compound gearing? 



Lathe Attachments 
The many attachments that are available for the engine lathe make 
it a very versatile machine. Some of these attachments facilitate the 
usual lathe operations, and others permit a variety of machining 
operations that are not strictly lathe work. 

Work Support Attachments 
In many lathe operations, the work cannot be held between the 
lathe centers, and an attachment must be used to aid in supporting 
the work. This is especially true when it is necessary to bore, drill, 
thread, or perform other similar internal operations on the end of a 
long piece of work. 

Follower Rest 
The follower rest is used to support long slender stock to prevent its 
springing away from the cutting tool. The follower rest is bolted to 
the saddle of the carriage. Therefore, it "follows" the cutting tool. 
The frame of the follower rest is shaped like a question mark, and it 
has both vertical and horizontal adjustable jaws (Figure 9-1). 

The jaws of the follower rest form a true bearing for the work, per- 
mitting it to turn without binding. In setting the follower rest jaws, 
first remove the guard over the cross-feed screw. Place a small piece of 
paper over the screw to keep off chips during the cutting operation. 
The dovetail ways should be wiped clean. Adjust the jaws with the 
carriage near the tailstock after a short portion of the work has been 
turned. Set the vertical jaw to touch the top of the workpiece. A small 
piece of cellophane can be placed between the work and the jaws to 
determine the proper amount of friction. During the cutting opera- 
tion, plenty of lubricant should be applied to the workpiece where it 
contacts the jaws of the follower rest. The jaws should be adjusted 
after each cut to retain accuracy. 

Steady Rest 
The steady rest is used to support one end of the long, slender stock 
when the other end is centered in a chuck and the operation being 
performed is such that the tailstock cannot be used (Figure 9-2). 
The frame of the steady rest is circular in shape and is fastened to 
the bed ways of the lathe (Figure 9-3). The adjustable jaws form a 
bearing for the work, holding it in centered position. 
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Figure 9-1 A follower rest for a lathe. (Courtesy C~nclnnati Mdacron Co) 

/ 
CHUCK STEADY REST 

/ 

Figure 9-2 Work mounted with one end centered in a chuck and the 
other end supported by a steady rest. 

Figure 9-3 A steady rest for a lathe. (Courtesy Clncinnoti Mlhcron i o )  

Positioning the jaws properly is essential when mounting the 
workpiece. The jaws must form a true bearing for the workpiece, 
permitting it to turn freely without binding or play. With one end of 
the work mounted in the chuck, slide the steady rest close to the 
chuck jaws, tighten the base clamp, adjust the jaws of the steady 
rest, and lock them in position on the work. A small piece of cello- 
phane placed between the jaws and the work can be an aid in 
obtaining the proper bearing. Advance each jaw of the steady rest 
until it barely touches the work, and remove the cellophane. After 
tightening both the locknut and the clamp screw on each jaw, 
loosen the base clamp. Slide the steady rest into proper position, 
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and retighten the base clamps. If extreme accuracy is required, true- 
ness of the work should be checked with a dial gauge. 

In machining the end of a long cylindrical piece, it is preferable 
to secure one end of the workpiece in a chuck (see Figure 9-2). 
However, heavy belt lacing can be bound around a lathe dog to 
hold it to a faceplate so that the end of the work can be mounted on 
a headstock center (Figure 9-4). This is a kind of makeshift setup 
that can be used by a person with insufficient skill for mounting the 
work in an independent chuck with precision. 

WORK MOUNTED ON HEADSTOCK 
CENTER AND STEADY REST 

I I 

Figure 9-4 Belt lacing can be used to mount the work on a headstock 
center and steady rest. 

Automatic Feed Stops 
Automatic devices that disconnect the power feed after a predeter- 
mined distance of travel are often used on lathes in production 
work. These devices can be used to enable a single machinist to 
operate two or more lathes simultaneously. The operator can place 
the work in a lathe, engage the power feed for a cut, and proceed to 
the next lathe. When the end of the cut is reached, the power feed is 
automatically disconnected. 

Carriage Stops 
The micrometer carriage stop is especially desirable for 
work where long longitudinal cuts are required. It is indispensable 
for accurate control of length of cut. The fixed stop can be located 
at any position along the bed ways. It can be fixed at any position 
for repetitive work. The micrometer collar is graduated in thou- 
sandths of an inch (Figure 9-5). The micrometer carriage stop can 
also be used to face shoulders to an exact length. 

The four-position length and depth stop is designed for production 
turning and for facing multiple diameters and shoulders (Figure 9-6). 
This turret-type stop has four individually adjusted stop screws. The 

Figure 9-5 A micrometer carriage stop attachment for a lathe. 
(Courtesy Cincinnati Milocron Co) 

length stop mounts on the front bed ways, and the depth stop 
mounts on the carriage wings and bridge. A handy length-measuring 
attachment can be used to measure either the forward or the reverse 
movement of the lathe carriage within 0.001 inch (Figure 9-7). 

Cross-Slide Stop 
The ball-type cross-feed stop enables the operator to retract the 
cross slide at the end of a cut and to return quickly to its original 
setting prior to the next cut (Figure 9-8). When the thumbscrew is 

Figure 9-6 A four-position length and depth stop attachment. 
[Courtesy Cincinnati Milacron Coj  



200 Chapter 9 

7 

Lathe Attachments 20 1 

Figure 9-7 A length-measuring attachment used t o  measure the forward 
or reverse carriage movement t o  0.00 1 inch. (Courtesy C~nannot~ Mifocmn CO) 

Figure 9-9 A lathe taper attachment. (Courtesy Cincrnnotr Mllocron GO.) 

Figure 9-8 Cross-feed stop. (Courtesy Cincrnnoti M ~ f o c i o ~  ~ o j  

loose, the cross-feed screw can be used normally for full length of 
travel of the cross slide. The stop can be set quickly by adjustment 
of the thumbscrew. 

Other Attachments 
A number of machining attachments are available to increase the 
capability of the lathe for performing a variety of operations. 

Taper Attachment 
A typical taper  attachment for a lathe is shown in Figure 9-9. This 
is probably the most widely used method of machining tapers on 

the engine lathe. It is much preferred to the tailstock set-over 
method for machining large tapers. Tapers up to 4 inches per foot 
(20") can be machined with the taper attachment. 

Most taper attachments consist of a bar at the back of the 
lathe. The bar is engaged by the cross slide, which moves the cut- 
ting tool transversely closer to or farther from the lathe center 
axis as the cutting tool travels longitudinally along the lathe bed. 
Duplicate tapers can be cut quickly on pieces of different lengths. 
Taper boring, which is impossible with the tailstock set over, can 
be performed easily with the taper attachment. 

The swivel  taper  bar  ( L  in Figure 9-10) is graduated in both 
degrees J and inches per foot N, and represents the included angle 
or taper. The taper bar moves only one-half the amount indicated 
on the scale. 

In adjusting the taper attachment (see Figure 9-10), the cross-slide 
bar M should be kept centrally located on the swivel taper bar for 
easy adjustment (keep the screw F in the cross-slide bar over the stud 
K in the taper bar). To set the taper attachment for a desired taper, 
loosen the clamping nuts C, D, E, F, and G. Then, the swivel-taper 
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Figure 9- 10 Diagram of a typical taper attachment showing parts. 
(Courtesy Cincinno:~ Milocrot~ Co) 

bar can be adjusted to the approximate setting by hand. A final 
adjustment can be made by tightening the nut C and using the 
adjusting screw B. Position the cutting tool so that the taper attach- 
ment will travel the full length of the part to be turned. Then, 
tighten the engaging nut A to engage the taper attachment. 

The attachment can be disengaged by loosening the engaging nut 
A and tightening the clamping nut E, which must remain tight 
except during the tapering operation. The clamping block H should 
be removed if the taper attachment is not used frequently, to  reduce 
wear on the bed ways. 

The taper attachment can also be used to  bore a tapered hole. Set 
the attachment in the same manner as for turning external tapers, 
except that the angle of the taper bar is usually reversed. Make cer- 
tain that the tool will clear the smallest diameter of the tapered hole 
and that the tool is set on center to avoid boring either a concave or 
a convex surface onto the workpiece. 

Tracer Attachment 
The tracer attachment for the lathe can be used for quick and accu- 
rate duplication of parts (Figure 9-11). It can be set to cut taper 
angles between 0" and 90" in both facing and turning operations. 
The template is positioned on the longitudinal template support 
bar. 

The hydraulic power slide has a normal movement angle of 45" 
to the centerline of the lathe. Maximum power slide travel is 3?/4 
(3.750) inches. This corresponds to a movement of 2i/x (2.625) 
inches perpendicular to or parallel to the centerline of the work. 

- - 
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Figure 9- 1 I Tracer attachment for a lathe. (Courtesy Cincinnati M~locron CO) 

Milling Attachment 
This attachment can be used for milling work in a small shop that 
cannot afford to install a milling machine (Figure 9-12). To install 
the milling attachment on the lathe, remove the compound rest, 
and clamp the base of the milling attachment in its place. The 
milling attachment equips the engine lathe for face milling, cutting 
keyways and slots, milling dovetails, squaring shafts, and making 
dies, molds, and so on. 

The vise position is controlled by a feed screw with a graduated 
micrometer collar. The attachment can be swiveled to hold work at 
any angle. 

The cutting speed for a milling operation should be approxi- 
mately two-thirds the speed recommended for turning the material 
in the lathe. The cut is controlled by the lathe carriage handwheel, 
the lathe cross-feed screw, and the vertical adjusting screw at the 
top of the milling attachment. All milling cuts should be taken 
with the direction of cutter rotation against the direction of feed of 
the work piece. 
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Figure 9- I 2  Milling 
attachment for a 
lathe. ( C o u r t e s y  A~IOS p r e s s  COJ 

Gear-Cutting Attachment 
Spur and bevel gears of all kinds can be cut 
on the lathe gear-cutting attachment. The 
attachment equips the lathe for graduating 
and milling, external key-seat cuts, angle 
cuts, spline cuts, slotting work, and regular 
dividing head milling work. 

The device is designed for mounting on 
the milling vise. The cutter is mounted on a 
mandrel that turns on the lathe centers. 

Grinding Attachment 
A tool-post grinder can be mounted in the 
tool slide of the lathe compound rest (Figure 
9-13). This attachment equips the lathe for 
both internal and external precision grinding 
(Figure 9-14). It can be used to grind ream- 
ers and milling cutters, dies, gauges, bush- 
ings, bearings, shafts, valves, and valve seats. 
The grinding attachments are driven by 
small electric motors; the lathe spindle must 
be reversed for grinding operations (see 
Figure 9-13), and as the grinders are con- 
structed for attachment to  the compound 
rest, the grinding wheel can be adjusted to 
the proper position for the various grinding 
operations. As grinding is a finishing opera- 

tion, the work should be turned as near the finished sizes as 
possible before beginning the operation. 

Turret Attachments 
Turrets can be used on the lathe bed, tailstock, and tool post. 
Advantages of these attachments are elimination of second-opera- 
tion setups and rapid and accurate machining of duplicate parts on 
a production basis. 

Bed Turret 
The bed turret is a cylinder or head arranged to turn and slide on 
the lathe bed ways (Figure 9-15). It can be fitted with various 
tools for boring, reaming, tapping, and so on. The head indexes 
l / ~  of a turn with each complete backward movement of the hand- 
wheel. 

Figure 9-1 3 Tool-post grinding attachment for a lathe. ~ C O U ~ ? ~ S Y A ~ I O S  P ~ S S C O ~  

GRINDING WHEEL WORK - 

GRINDING WHEEL 

EXTERNAL GR I NO ING INTERNAL GRINDING 

Figure 9-1 4 Diagram illustrating external (left) and internal (right) 
grinding on the lathe.The work must always turn in a direction 
opposite that of the grinding wheel. For external grinding, i t  is 
necessary t o  reverse the lathe spindle. For internal grinding, the lathe 
spindle should be run in the forward direction. 

Tailstock Turret 
This device mounts in the lathe tailstock spindle (Figure 9-16). 
Any of the six tool stations can be selected quickly by a conve- 
nient trip-lever control. The attachment can be used to speed 
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Figure 9- 15 A lathe bed turret. (CourtesyAtios Press GO.) 

Figure 9- 16 A lathe tailstock turret. (CouitriyAtlos Press CO) 

short-run work and to eliminate the 
need for second-operation setups. 

Tool-Post Turret 
This attachment can be mounted on 
the compound rest (Figure 9-17). 
Various cutting tools can be mounted 
in the turret ior facing, turning, and 
so on. A turn of the handle releases 
the head for rotating to the next oper- 
ating position. 

Figure 9- 17 A tool-post 
turret. [CourtesyAtias Press Coj  

Summary 
Many lathe attachments are available that make the lathe a very 
versatile machine. In many lathe operations, the work cannot be 
held between the lathe centers, and an attachment must be used to 
aid in supporting the steady rest. The follower rest prevents long 
slender stock from springing away from the cutting tool. The 
steady rest supports stock when the other end is centered in a lathe 
chuck and the ;ailstock cannot be used. 

Automatic devices that disconnect the power feed after a prede- 
termined distance of travel are often used on lathes in production 
work. With this device, a single machinist can generally operate 
two lathes simultaneously. He can place the work on one lathe, 
engage the power feed for a cut, and proceed to the next lathe. 
When the end of the cut is reached, the pourer feed is disconnected 
automatically. 

The micrometer carriage stop, especially desirable for produc- 
tion work where long longitudinal cuts are required, is indispens- 
able for accurate control of length of cut. The fixed stop can be 
located at any position along the bed ways and can be fixed at any 
position for repetitive work. The ball-type cross-feed stop enables 
the operator to retract the cross slide at the end of a cut and to 
return quickly to its original setting prior to the next cut. 

Taper attachments for a lathe are probably the most widely used 
method of machining tapers on the engine lathe. They are much pre- 
ferred to the tailstock set-over method for machining large tapers. 
Most taper attachments consist of a bar at the back of the lathe. 

The tracer attachment for the lathe can be used for quick and 
accurate duplication of parts. The milling attachment can be used 
for milling work in a sinall shop that cannot afford to install a 
milling machine. Spur and bevel gears o f  all kinds can be cut on the 
lathe gear-cutting attachment. A tool-post grinder can be mounted 
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in the tool slide of the lathe compound rest. Turrets can be used on 
the lathe bed, tailstock, and tool post. There are three types of these 
attachments: the bed turret, the tailstock turret, and the tool-post 
turret. 

Review Questions 
I .  What is a follower rest? 
2. What is a steady rest? 
3. What other attachments are available for various lathe opera- 

tions? 

4. What is an automatic feed stop? 

5. Where is the micrometer carriage stop used in production 
work? 

6. What is the purpose of the ball-type cross-feed stop? 

7. Where is belt lacing used, and why? 

8. What is taper? 

9. How are tapers cut on a lathe? 

10. What is a tracer attachment? 



Turret Lathes 

The turret lathe is a comparatively modern machine that has been 
developed from the engine lathe by the addition of revolving tool- 
holding devices called turrets. The turret (or head) can be arranged 
to turn on an upright axis and to slide on the ways of the lathe. It is 
fitted with holes that hold cutting tools, any of which can be 
applied as needed in the axial line of the work by turning the head. 

At first, turrets were made in circular form and were rotated on 
a vertical pivot that could be held in any desired position by a bind- 
ing nut. The periphery of the circular turret was drilled and reamed 
to hold four tools, which projected from the turret at 90" angles 
with each other. Later, the turret was made in hexagonal form, and 
the number of tools held in the turret was increased to six. 

The earlier turrets were mounted on the lathe carriage in place of 
the tool block and were aligned with the lathe axis by means of the 
cross-feed screw. Lateral feed was obtained from the feed mecha- 
nism in the apron attached to the carriage. 

The chief objective accomplished by addition of the turret to  the 
earlier lathes was that it enabled the operator to perform drilling, 
reaming, counterboring, and similar operations on a piece of work 
without a change of tools other than revolving the turret. After they 
had been set and adjusted, the tools in the turret required no further 
alterations as the workpieces were completed and removed from 
the chuck, and other pieces substituted for a like series of opera- 
tions. Thus, work could be performed more rapidly by this means. 
The turret mechanism was developed further by the addition to  the 
number of tools it could carry, by a ratchet arrangement for revolv- 
ing the turret, by an index plate for holding the turret in any desired 
position, and by various other improvements in design. 

All these improvements led to the design of special lathes in 
which the improved turret was a special feature, and led to the 
development of the turret lathe as it is built today. 

The turret lathe is one of the most useful machines in the 
machine shop for the production (in large quantities) of work that 
requires repeated operations (such as turning, boring, or reaming). 
The turret is equipped with the appropriate tools, and the work, 
such as a casting or forging, is held by a chuck. 



210 Chapter I0 Turret Lathes 2 1 1 

Classification 
Turret lathes are classified as either horizontal or vertical. In gen- 
eral, unless specified, a turret lathe is understood to be a horizontal 
turret lathe. Horizontal turret lathes are classified as either bar 
machines or chucking machines. 

Bar machines are used to machine bar stock or castings that are 
about the same size and shape as bar stock. The chucking machines 
are used to machine castings and forgings that must be held in 
chucks or fixtures. Bar and chucking machines are classified further 
as either ram-type turret lathes or saddle-type turret lathes. 

Ram Type 
On the ram-type turret lathe, the turret is mounted on a slide (or 
ram) that moves back and forth on a saddle clamped to the lathe bed 
(Figure 10-1). This machine is a fast and easily operated machine for 
small work. It is quickly and easily operated because the hexagonal 
turret can be moved back and forth without moving the entire saddle 
unit. The machine has a short turret stroke and an automatic index 
on the turret. The ram-type turret lathe is well suited for bar work 
and chucking work where the overhang of the ram can be kept short. 

Figure 10- I Universal ram-type turret lathe. (Courtesy G~sholt Mochine CO) 

Saddle Type 
On the saddle-type turret lathe, the turret is also mounted on the sad- 
dle, but the entire saddle unit moves back and forth on the lathe bed 
(Figure 10-2). This machine is more heavily constructed than the ram 
type and is more suitable for work requiring long turning and boring 
cuts. It has a long turret stroke and a rigid turret mounting. 

Figure 10-2 Saddle-type turret lathe. (Courtesy G~sholt Mochine Coj  

Basic Construction 
The basic parts of a turret lathe are headstock, ram saddle, turret, 
cross-slide carriage, and chuck. In addition, various automatic 
devices can be used on turret lathes. 

Headstock 
One of the most important operating units of any turret lathe is the 
headstock. Either an electric head with a multiple-speed motor 
mounted directly on the spindle or an all-geared head is used on the 
modern turret lathe. These heads provide a wider range of speeds 
and permit heavier cuts than were possible on the earlier cone-drive 
heads. The operator needs only to set the dial to the diameter of the 
work (or the desired speed), and the spindle speed selector will 
automatically shift to the correct speed. 

Turret Ram and Saddle 
In the ram-type turret lathes, the ram provides a base for the tur- 
ret (Figure 10-3). The turret is automatically unclamped and 
indexed by backward movement of the ram. Forward movement 
clamps the turret before it leaves the saddle. The turret is free for 
backing up or skip indexing at one point in the travel of the ram. 
The longitudinal feed handwheel moves the ram in the saddle and 
permits leverage when feeding by hand from a normal working 
position. 

Following are the three general classes of rams based on the 
movement or movements of the turret: 

Plain-The plain slide (or ram) provides only longitudinal 
movement. The turret is rotated auto~natically to bring the 
next tool into position on the backward or return stroke. 
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,TURRET TURRET 

Figure 10-3 Turret ram and saddle for a turret lathe. (courtesy G~sholt Mochme GO) 

Offset-The offset slide (or set-over slide) provides both lon- 
gitudinal and transverse movements. The transverse motion 
can be used for radial facing or recessing with a single-point 
tool. 

Universal-The universal slide (or ram) has both the longitu- 
dinal and transverse movements. In addition, it has an 
arrangement consisting of an intermediate plate between the 
cross slide and ram to permit swiveling for such work as turn- 
ing or boring of tapered surfaces. 

These three types of rams are shown in Figure 10-4. The saddle- 
type turret lathe is a form of universal machine in which the turret 
is mounted on a swivel placed on the saddle (Figure 10-5). 

Turret 
The hexagon-shaped turret in the ram-type turret lathe is mounted on 
a slide, or ram, which moves back and forth in the saddle (see Figure 
10-3). The saddle is clamped to the bed ways in proper position for 
the job to  be performed. 

Square turrets on rain-type turret lathes are adjustable along the 
slide to obtain proper tool clearances. The square turret is mounted 
directly on the slide in saddle-type turret lathes. 

SWIVEL OR TURNTABLE 

@jg-VkRAM CROSS SLIDE 
B 

CROSS SLl  DE 

Figure 10-4 Diagram showing three general classes of rams found on 
turret lathes: (A) plain, (B) offset, and (C) universal. 

SADDLE TURRET 

- , SWIVEL 

> I !  ; V-WAYS 

Figure 10-5 Diagram showing the mounting of the turret on a saddle- 
type turret lathe. 

Cross-Slide Carriage 
The cross-slide carriage is held to  the bed ways by flat hold-down 
plates with tapered gibs for wear adjustment (Figure 10-6). Eight 
selective, reversible power cross and longitudinal feeds are available 
on the cross-slide carriage shown in Figure 10-6. 

A dial-type feed selector gives a direct reading in thousandths per 
revolution for each of the eight power feeds. A lever a t  the right of 
the apron engages the cross feed, and a lever at the lower-left front 
of the apron selects either forward or reverse feed. 
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Figure 10-6 Cross-slide carriage on a ram-type turret lathe. 
(Courtesy Gisholt Machine Co) 

huck 
A collet chlrck (Figure 10-7) is commonly found on turret lathes. It is 
hydraulically operated and controlled by movement of the "chuck- 

unchuck" lever. Round, square, or 
hexagon bar stock can be handled 
easily with this type of chuck. 

Turret Lathe Attachments 

Figure 10-7 A hydraulically 
operated collet chuck. It is 
controlled by movement of 
the "chuck-unchuck" lever. 
(Comes) i ; r ~ i  M O C ~ I I K  CO) 

Numerous automatic devices are used 
on the modern turret lathe to control 
turret movements that bring the tool 
into position at the correct moment 
and to feed the work through the 
chuck after each piece is finished. 
Various "stops" are placed on top of 
the lathe bed-not to disengage the 
feed, but to arrest the travel of the car- 
riage while the feed continues to hold 
the carriage firmly against the stop. 

A four-position stop roll (Figure 
10-8) can be used with both front and 
rear cross-slide rolls. The stop roll is 

Figure 10-8 Four-position stop-roll attachment. 
(Courtesy Gisholt Machine Co) 

hand-indexed, and it can be set up quickly to trip cross feeds in 
either direction. Each feed trip dog is equipped with an indepen- 
dently adjustable dead stop to permit hand feeding to an exact size, 
while referring to a dial or indicator, after the power feed has been 
disengaged. Also, the dead stop can be used for accurate setting of 
the cross slide for turning operations. 

A taper attachment for the universal carriage is a separate tool 
bolted to the T-slots on the rear of the cross slide (Figure 10-9). The 
rear tool block can be used for taper turning without affecting 
normal use of the square turret at the front of the cross slide. 

A rapid-traverse
A

cross-slide attachment (Figure 10-10) reduces 
operator effort and speeds machining operations. An independent 
electric motor drive unit is mounted on a bracket at the rear of the 
cross slide and connected by gears to the cross-feed screw. Manual 
operation of a switch control provides traverse in either direction. 

Superprecision Turret Lathes 
The bench turret lathe operates in much the same manner as the 
larger turret lathes. This type of machine tool is designed for short- 
run and long-run superprecision secondary machining operations 
that require extremely close tolerances. 

Figures 10-11 through 10-39 illustrate the bench turret lathe, as 
well as a wide variety of features, attachments, and operations 
performed on this precision machine tool. 
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Figure 10-9 Taper attachment for the universal carriage. 
(Courtesy Gishoil Machine Co) 

Figure 10- l O An electric rapid-traverse attachment t o  
the cross slide of a turret lathe. (iouitesy GISI~OII M i ~ c l m e  CO) 

Figure 10- I I This bench turret lathe is a superprecision second- 
operation machine for machining extremely close tolerances. 
(Courtesy Hordinge Brothers, lnc) 

Figure 10- 12 A drilling operation. (Courtesy Hordinge Brothers, lnc) 
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Figure 10- I % A n  internal turning operation. (Courtesy Hordrnge Brothers in') 

Figure 10- 15 Vertical cutoff slide. (Courtesy Hordrnge Brothers. inc) 

Figure 10- 14 A n  operation using a cutoff tool. (COUII-,~ Honirriee Rrorhrrs inc) 

Figure 10- 16 A cutoff operation using a vertical cutoff slide. 
(Courfi ,/ Lh(l~i JC  Rror1n lr c )  
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Figure 10-1 7 A boring operation involving a tapered hole; 
(Couitesy Hordrnge Brothers, Inc j  

Figure 10- 19 A step chuck for holding parts. 
(Courtesy Hordinge Brothers, Inc.) 

Figure 10-1 8 A collet for holding parts. 
(Courtesy Hodinge Brothers, lnc) 

Figure 10-20 A three-jaw chuck for holding parts. 
(Courtesy Huiiiinge Brother,, lnc) 
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Figure 10-2 1 An internal chucking operation. 
( ioirr iesy Hordmge Brothers, Incj  

Figure 10-22 "Slower" button is pressed t o  decrease the 
spindle speed. (courtesy t i i ln irnge Brothers, I M )  

Figure 10-23 "Faster" button is pressed t o  increase the spindle 
speed. (Courtesy Hardinge Brothers, inc) 
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Figure 10-25 Preloaded ball-bearing turret, specially designed for 
speed and ease o f  operation. (Couitesy Hordrnge Brothers, l nc )  

Figure 10-27 Straight and taper turning slide for  
double-tool cross slide. (Courtesy Hordmge Brothers, l nc )  

Figure 10-26 A turning operation using a step chuck. 
(Courtesy Hordnqr Brorlws l nc )  

Figure 10-28 High-production precis~on turnlng of  stainless steel 
carburetor needle valves. ( C O ~  , H o r d h y  H~othen i n r )  
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Figure 10-3 1 Circular form toolholder. (courtesy Horiirnge Brothers, inc) 

Figure 10-29 Slide set for straight turning of a large-diameter 
alumin~lm part. (Courtesy Hordlnge Brothers inc) 

Figure 10-30 Slide setup in front position of the double-tool cross slide 
for precision turning of a taper on a brass part. (Courtesy Hord~nge Broherr I~K) 

Figure 10-32 The holder fits directly to the double-tool 
cross-slide toolholder block. (couitesy tfordlnge Brothen, Inc) 
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Figure 10-33 Multiple toolholder. (Couitesv Hordrnge Brothers, Inc) 

Figure 10-35 Cutoff toolholder. (Courtesy Haidrnge Brothers, inc) 

Figure 80-34 W i t h  the multiple toolholder, many 
operations such as undercutting, chamfering, and 
grooving can be done in one operation. 
(( o~~rtesy Hiirdirr.i. Piotneis f i r ,  I 

Figure 10-36 The cutoff toolholder fits directly t o  
the front o r  rear too l  block on the double-tool cross slide. 
(Courtesy Hordrnge Brothers, Inc) 
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Figure 10-37 This slide is for deep hole drilling, long threading, 
box tool turning, lapping, o r  any other operation requiring tool  
travel Up t o  5 '12 inches. (Col~nesy Hardrnjie Grothers f n c )  

Figure 1 0-39 Production threading. (Courtesy Hordinge Brothers, lncj 

Summary 
The turret lathe is a comparatively modern machine that has been 
developed from the engine lathe by the addition of revolving tool- 
holding devices called turrets. The turret or head can be arranged to 
turn on an upright axis and to slide on the ways of the lathe; it is fit- 
ted with holes that hold cutting tools, any of which can be applied 
as needed in the axial line of the work by turning the head. 

Turret lathes are classified as either horizontal or vertical. In gen- 
eral, a turret lathe is understood to be a horizontal type. Turret 
lathes are usually classified as either bar machines or chucking 
machines. The chucking machine is used to machine castings and 
forgings that must be held in chucks or fixtures. The bar machine is 
used to machine bar stock or castings that are about the same size 
and shape as bar stock. Bar and chucking machines are further clas- 
sified as ram-type turret or saddle-type turret lathes. 

On the ram-type lathe, the turret is mounted on a slide, or ram, 
which moves back and forth on a saddle that is clamped to the lathe 
bed. On the saddle lathe, the turret is also mounted on the saddle. 
However, the entire saddle unit moves back and forth on the lathe 
bed. 

The basic parts of a turret lathe are headstock, ram saddle, tur- 
ret, slide carriage, and chuck. Various automatic devices can be 



232 Chapter I0  

used on the turret lathe, such as stops placed on top of the lathe bed 
to limit the travel of the carriage while the feed continues to hold 
the carriage firmly against the stop. 

A collet chuck is commonly found on turret lathes. It is hydrauli- 
cally operated and controlled by movement of the "chuck-unchuck" 
lever. Round, square, or hexagon bar stock can be handled easily 
with this type of chuck. 

Numerous automatic devices are used on the modern turret lathe 
to control turret movement that bring the tool into position at the 
correct movement and to feed the work through the chuck after 
each piece is finished. 

Review Questions 
I. How are turret lathes classified? 
2. What is a chucking machine? 
3. What is a bar machine? 
4. What are the advantages of a turret lathe over an engine 

lathe? 
5. What are the three general classes of rams based on move- 

ment? 
6. How is the cross-slide carriage held to the bed ways? 
7. What is a rapid-traverse cross-slide attachment used for? 
8. What is a collet used for? 
9. Describe an internal chucking operation. 

10. What is needed in order to perform such operations as under- 
cutting, chamfering, and grooving? 



Milling Machines 
A milling machine is a power-driven machine that cuts metal by 
means of a multitooth rotating cutter. The machine is constructed 
in such a manner that the workpiece is fed to a rotary cutter- 
instead of revolving as on a lathe, or reciprocating as on a planer. 

Adaptation 
A variety of operations can be performed on the milling machine. A 
multitooth milling cutter remains sharp much longer than a single 
cutting tool. The cutting action of the milling machine is continu- 
ous, as compared to the intermittent cutting action of the shaper 
and planer. Therefore, many kinds of workpieces can be machined 
more economically on the milling machine than on a shaper or 
planer. 

Milling machines are adapted for production of workpieces hav- 
ing intricate profiles that must be interchangeable. Large castings or 
forgings can be handled on the milling machine. Many specialized 
types of milling machines have been developed, which has broad- 
ened considerably the range of application of the milling machine. 

Basic Construction and Classification 
The milling machine has a power-driven spindle. An arbor for 
holding multitooth cutters fits into the spindle. The cutting edges 
or teeth on revolving circular cutters remove a controlled amount 
of metal at each revolution of the cutter. The workpiece is 
mounted on a movable table and is fed against the cutter. The table 
can be moved either by hand-feed or by power-feed. When several 
cutters are mounted on the arbor, several surfaces can be machined 
in one operation. The knee-and-column type of milling machine is 
commonly found in industry (Figure 11-1). 

Knee-and-Column 
The knee-and-column types are usually cast in one piece to make 
up the main casting of the milling machine. The column is thick- 
walled and strongly braced to support the other parts of the 
machine, and usually includes a tank for coolant used on the cutter. 
The inner space of ;he column houses the driving motor 
gear mechanism for transmitting power to the spindle and 
the milling machine. 

and the 
table of 

A ,  

~ h j  
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: BEARING 

COLUMN WAYS 

I KYEE WAYS LO~GlrUDlNAL FEED 

I 
POWER FEED REVERSE W E R  

SPEED-CHANGE BOX POWER FEED SELECTOR EVER I ' - 
~ E R  FEED CONTROL BOX 

Figure I 1 - 1  Diagram of the universal milling machine, showing knee- 
and-column design, basic parts, and controls. 

The top of the column supports the overarm (or overarms). The 
design of overarms depends on the manufacturer of the machine. 
The arbor support slides on  the overarm. 

The arbor support clamps onto the overarm and supports the 
milling arbor. The bearing in the lower end of the arbor support 
should be in perfect alignment with the spindle axis. The iwzer 

support supports the arbor near the middle. A bearing sleeve placed 
between the collars on the arbor fits into the large hole. A smaller 
hole in the outer s u p p o ~ t  holds the g o u n d  end of the arbor. 

The spindle is hollow throughout its entire length. It revolves in 
bearings in the upper end of the column; the front end has a 
tapered hole for receiving the standard shanks of milling arbors 
(Figure 11-2). 

Figure 1 1-2 Spindle drive gearing of a milling machine. (Courtesy Clncinnoti 

Milocron Co 1 

On the face of the column, a wide slide (usually of dovetail 
design) is provided to ensure proper alignment of a sliding knee or 
bracket. The knee can be raised and lowered on the column to 
adjust the depth of cut for jobs of various sizes. The knee is a cast- 
ing with two of its sides machined at right angles. The vertical 
machined side of the knee slides on the ways on the face of the col- 
umn. The top of the knee is machined at a right angle to the vertical 
surface and supports the saddle, which slides on the knee either 
toward or away from the face of the column. A sturdy elevating 
screw raises and lowers the knee. 

The saddle is mounted at the top of the knee and supports the 
table. A precisely machined surface (usually dovetails) on the top 
side of the saddle holds the milling machine table (Figure 11-3). 

The table is mounted on the saddle. The table movements of the 
plai?z milling machine are 

Vertical-Raising the knee on the column; 
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Figure 1 1-3 Saddle for  a milling machine. (Couresy cminnot i  Mdocron CO.) 

Transverse-Sliding the saddle on the knee; and 

Longitudinal-Sliding the table on the saddle. 

Micrometer dials graduated in thousandths of an inch permit 
accurate setting or positioning of the table. The table can also be 
swiveled horizontally on the saddle of the universal milling machine. 

The milling machine table has T-slots running lengthwise on its 
top surface. T-bolts can be used to fasten either the work or a work- 
holding device to the table. 

to be raised and lowered vertically on the accurately machined 
ways of the column. The table is mounted on machined ways on the 
saddle that rests on the knee. It can be moved either by hand or by 
power. The table feed (Figure 11-4) on plain milling can be in three 
directions-longitudinal (at right angles to the column face), 
transversal (crosswise), and vertical. 

Types of Milling Machines 
The knee-and-column type of milling machine is used more fre- 
quently in tool-and-die shops than any other kind of milling 
machine. The knee-and-column mill is classified as either horizon- 
tal or vertical, depending on the position of the spindle and table 
adjustments. The horizontal knee-and-column mill is divided into 
two classes: plain and universal. 

Plain Milling Machine 
The plain horizontal milling machine is very conmon in industry. The 
horizontal spindle projects at right angles from the column face. 
The spindle is hollow and tapered internally and permits the knee 

Figure 1 1-4 Feed unit for a milling machine. (Coul-re,, uni inno l l  Mm- i~ jn  GO) 

Universal Milling Machines 
The universal milling machine has the same table movements 
(longitudinal, crosswise, and vertical), and, in addition, the table 
can be set a t  an angle to the column face. The table is mounted 
on a swivel block that can be rotated about the center of the uni- 
versal saddle. A modern universal milling machine is shown in 
Figure 11-5. 

Vertical Milling Machine 
The spindle is in a vertical position on the vertical knee-and-coluwm 
mills. The spindle can be raised and lowered, and the machine is 
especially adapted for boring and profile work. Since the cutting 
tool is held in the spindle, an arbor is not needed on the vertical 
mill. The table of the vertical milling machine can be used o n  longi- 
tudinal, transverse, and vertical feed movements. A vertical milling 
machine is shown in Figure 11-6. 
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1. Overarm posltlonlng lever 
2 .  Overarm clamping lever 
3. Rear push-button group 
4 .  Spindle-speed dlal 
5. Table traverse handwheel 
6 .  Spindle reverse lever 
7. Rear table feed lever 
8. Rear cross-feed lever 
9 .  Rear rapld-Wavers lever 

10. Knee clampmg lever 
1 1 .  Rear cross hand traverse 

12. Rear feed-change knob 
13. Rear vert~cal hand traverse 
14.  Automat~c backlash elimdnator knob 
15.  Rap~d-traverse lever 
16 Cross-feed lever 
17. Front push-button 
18. Front feed-change knob 
19.  Cross-traverse handwheel 
20.  Vertical-feed lever 
21 Vertlcal hand traverse crank 
22.  Feed d ~ a l  

Figure I 1 -5 Universal milling machine. (Couriesy Crncrnnatr Milocron GO.) 

Special Types of Milling Machines 
In addition to  the knee-and-column milling machines, a number 
of specialized types of milling machines are used for certain kinds of 
work. Thvead mills are used to mill both external and internal 
threads. Spline mills are used to cut keyways and slots. 

In bed-type milling machines, the table cannot he raised or low- 
ered. However, the spmdle can be raised or lowered. The table 
moves in a horizontal position with longitudmal feed only. It does 

Figure I 1-6 Vertical milling machine. (Courtesy C~ncrnrmtl ~/ l i iocron CO) 

not have a cross-feed movement. These are high-production 
machines. 

The duplex milling machine has two opposed spindles. The spin- 
dles can be operated simultaneously, but each is separately driven 
and controlled. This type of machine has high-productive capacity, 
because two cuts can be taken at the same time on similar or differ- 
ent workpieces. A roughing cut with one cutter and a finishing cut 
with the other can be taken when the machine has two spindles. 

Summary 
The milling machine is a power-driven machine that cuts metal by 
using multitooth rotating cutters. The workpiece is fed to a rotary 
cutter instead of revolving as on a lathe or reciprocating as on a planer. 
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Many operations can be performed on the milling machine. The 
cutters remain sharp much longer than a single cutting tool, and the 
cutting action of the milling machine is continuous, as compared to 
the intermittent action of the shaper or planer. Large castings or 
forgings can be handled with ease on the milling machine. 

The knee-and-column milling machine is used more frequently 
in tool-and-die shops than any other type. This machine is classified 
as either horizontal or vertical, depending on the position of the 
spindle and table adjustments. Knee-and-column milling machines 
are divided into two classes-plain and universal. There are also 
special types of milling machines (such as thread mills) used to mill 
both external and internal threads. A spline mill is used to cut key- 
ways and slots. A duplex milling machine has two opposed spindles 
that can perform two separate operations at the same time. 

Review Questions 
I. What are the advantages in using a duplex milling machine? 
2. Which milling machine is most common in tool-and-die 

shops? 
3. What is the basic design of a milling machine? 
4. Into what two classes are knee-and-column machines 

divided? 
5. What operations can be performed on a milling machine? 
6. Why is the spindle hollow throughout its entire length? 
7. What are the table movements of the plain milling machine? 
8. Which type of milling machine is common in industry? 
9. What are thread mills used for? 

10. What are bed-type milling machines used for? 



Milling Machine Operations 
As discussed in Chapter 11, a milling machine cuts metal by means 
of a multitooth rotating cutter. The operator of a milling machine 
(or any other machine, for that matter) should be aware of certain 
safety precautions and operational guidelines. A milling machine is, 
of course, not a plaything; if proper precautions are taken, danger 
can be avoided. 

Safety Precautions 
First, the operator should understand thoroughly the construction 
and operating action of the machine before attempting its opera- 
tion. This is important not only for the operation but also because 
it lessens the chances of the machine itself being damaged seriously. 

The following suggestions by Brown and Sharpe Manufacturing 
Company should be carefully noted and remembered: 

a Do not move an operating lever without knowing in advance 
the action that is going to take place. 

* Never toy with the control levers or carelessly turn the han- 
dles of the milling machine while it is stopped. 

Do not lean against, or rest the hands on, a moving table; if it 
is necessary to  touch a moving member, make sure of the 
direction in which it is moving. 

DO not attempt to  cut without being sure that the work is held 
securely in the vise or fixture and that the holding member is 
fastened to the machine table. 

a Remove chips with a brush or other suitable means-never 
with the fingers or hands. 

8 Before operating a milling machine, study it thoroughly. 
Then, if an emergency should arise, the machine can be 
stopped immediately. 

Stay clear of the milling cutters; do not touch a cutter, even 
while it is not moving, unless there is good reason to do so, 
and then be careful. 

The above suggestions, in general, can be applied to  any other 
machine in the machine shop. 
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Preliminary Operations 
The various duties of the milling machine operator can be classified 
as preliminary operations and machining operations. Several prelim- 
inary operations are necessary before the machine can be started. 

Cleaning 
Cleaning of the milling machine cannot be emphasized too strongly. 
The machine should be cleaned both before and after using.. 
Accuracy and durability of the machine depend on its being kei t  
clean; this applies to all machine tools. 

If a milling machine is cleaned as soon as possible after use, it 
can be kept clean more easily than if chips and coolant are allowed 
to accumulate for long periods of time. A clean machine is usually 
in better mechanical condition than one in which dirt has been 
allowed to accumulate. This is because chips that build up on a 
dirty machine can clog oil channels, mar the bearing surfaces of the 
column or knee, and interfere with accurate adjustments of the fix- 
tures and work. Oil holes that have become clogged with gummy 
oil can be flushed with gasoline; this will not injure the bearings. 

Oiling the Machine 
Apply a few drops of oil to  each bearing at  frequent intervals, 
rather than a flood of lubricant at long or irregular intervals. Most 
bearings can hold only a few drops, and an excess of oil runs out 
and is lost. It is always safest to purchase a lubricant that is reliable, 
rather than experiment with less expensive machinery oils. It is less 
expensive to use a good oil than to  risk damage to bearings from 
overheating or scoring. 

The more recently designed milling machines are equipped with 
automatic lubricating systems that ensure a constant supply of clean 
lubricants at important points. This relieves the machine operator of 
much of the oiling problem, but the oil level in machine reservoirs 
should be checked at regular intervals. 

Many machines equipped with automatic lubrication include oil 
filters in the system. All oil must pass through the filters each time 
it is circulated. The filters should be checked regularly to determine 
whether they are functioning properly. When the filter becomes 
clogged, the bearings can become dry, even though the oil is 
bypassed around the filter. 

Mounting the Workpiece 
Methods of mounting the work on the milling machine are similar to 

machine tables because the greater thrust produced by the cutter 
(especially the wider cutters) can damage either the work or the 
machine. Various methods of mounting work on the milling machine 
for machining are on the table, in a chuck, on an arbor, between ten- 
ters, and on fixtures. 

Clamping devices (such as T-bolts, toe dogs, pins, and screw pins) 
are similar to those used to hold planer workpieces (Figure 12-1). 
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The application of these devices is the same as for other machines, 
except that even more attention is required for supporting and 
anchoring the work to prevent springing. Stop pins should be used 
wherever possible to prevent movement of the work. 

Much of the work that is performed on milling machines is 
mounted on fixtures. The table, fixtures, and all devices involved in 
mounting the work should be absolutely free from chips, dust, and so 
on. Fixtures can be built to facilitate handling and to increase 
production if a large enough quantity of pieces warrants the expense. 

For single-piece production or small-lot production, the work 
must be held by individual setup because it is impractical to con- 
struct special fixtures. The work must be positioned and held 
securely. The clamps must be carefully arranged, so that they will 
not be struck by the cutter or damage other parts of the machine. 

The milling machine vise is the simplest holding arrangement. A 
special base for bolting to the table and a swiveling body permit 
adjustment of the vise to any angle in a horizontal plane. A scale 
(graduated in degrees) on the base of the vise is accurate enough for 
most work. However, if accurate angles are required, the setting 
should be checked with a protractor. The toolmaker's universal vise 
can be used for work involving compound angles (Figure 12-2). It is 
designed for adjustment in both the vertical and horizontal planes. 

Figure 12-2 The toolmaker's universal vise can be used for  general 
toolroom work. It swivels 90" in the vertical plane and 360" in the 
horizontal plane. (Courtesy Cmi~nnotl  Milocron C o )  

The standard vise is opened and closed by a crank. Hammering the 
handle of the vise to obtain a sure grip is often frowned upon because 
it can crack or break the screw or other parts, resulting in a serious 
accident when pressure is applied. However, many practical machin- 
ists insist upon the practice, maintaining that the work must be held 
securely. If the practice is followed, use a lead or Babbitt hammer for 
a single sharp blow, after tightening by hand as much as possible. A 
machinist's hammer should never be used on the handle of the vise. 

The base of the vise should be cleaned carefully before installing 
it on the machine. Then, a dial indicator can be used to check for 
accurate alignment (Figure 12-3). Clamp the dial indicator onto the 
machine arbor; then, move the table so that the indicator rests on 
the fixed (not the adjustable) jaw. Set the indicator dial to  zero, and 
by means of the manual feed, traverse the jaw past the indicator. 
Adjust the vise until the indicator shows no variation between the 
two ends of the jaws. 

@ 04 ANGLE PLATE 

u 
(A) Aligning vise with indicator. (6) Aligning vise with parallels. 

/ COLUMN OF MACHINE \ 

(C) Aligning vise with square 

Figure 12-3 Methods of aligning the vise jaws with the columns o r  
spindle. The dial indicator method is the most accurate. (Courtesy Cfncrnnoti 

Milacron C o )  
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Another method of aligning the vise is to place the stock of a 
machinist's square against the face of the machine column and 
bring the blade into contact with the fixed jaw-with tissue paper 
feelers between the blade and the jaw. If an extra pull is required to 
remove all feelers, the vise is aligned (see Figure 12-3). 

Selecting the Cutter 
Failure to obtain satisfactory results on a job can often be attributed 
to improper selection of the milling cutter. Even if the proper cutter is 
used, working conditions can be unfavorable to proper performance 
of the cutter. Either the operator or another person in the milling 
department should be proficient in the use and care of milling cutters 
and capable of determining the correct feeds and speeds for their 
operation. Following is a brief summary of the general application of 
various milling cutters: 

* Double-angle cutter-Used for fluting taps, reamers, and so 
on. 

* End mill-Suited for surface milling, profiling, slotting, and 
SO on. 

* Fly cutter-Can be used to mill intricate shapes that do not 
warrant the expense of formed cutters. 

* Formed cutters-Used to cut curved or irregular surfaces; also 
for fluting taps, reamers, twist drills, and so on. 

* Half side cutter-Used for face milling, or in pairs for "strad- 
dle milling." 

* Helical cutter-Especially adapted for thin work or intermit- 
tent cuts where the amount of slack to be removed varies. It is 
not a general-purpose cutter. This cutter is erroneously called 
a "spiral" cutter. 
Inserted-tooth cutter-Characterized by long life; it is used 
for heavy-duty face and side milling work. 
Interlocking side cutters-Designed to maintain an exact 
width for milling slots. 
Nicked cutters-Suited for making deep cuts, as in roughing 
work. 
Plain cutters-Used to mill a flat surface parallel to its axis. 

* Side cutter-Suitable for slotting operations. 

Single-angle cutter-Chiefly used to cut milling machine 
cutter teeth. 

Slitting cutter-Used to cut deep slots and to cut off stock. 

Slotting cutter-Used to mill shallow slots, such as screw- 
head slots. 

In addition to this summary of cutter applications, the final 
selection of the proper milling cutter can be influenced by other 
factors, such as the following: 

* Milling cutters with comparatively few widely spaced teeth 
can remove more metal in a given time (for certain kinds of 
milling work) than cutters with a comparatively large number 
of teeth, without stressing the cutter or overloading the 
machine. 

Fine-tooth cutters are inferior to coarse-tooth cutters, so far 
as their relative tendency to "chatter" is concerned. 

The free cutting action of coarse-teeth cutters is primarily 
because less cutting action is required to remove a given 
amount of metal; each tooth takes a larger, deeper chip. 

1 Wide spaces between the teeth allow the cutting edges to be 
well backed up, which is not always possible with teeth that 
are closely spaced. 

1 Moderate rake angles reduce power consumption and are 
desirable on cutters that are used on mild steel. Large rake 
angles are undesirable because of the tendency to chatter. 

* The helical angle has little effect on power consumption. 
However, a large helical angle is desirable because it requires 
fewer cutter teeth, gives smoother cutter action, and reduces 
the tendency to chatter. 

* With few exceptions, coarse-tooth cutters are superior to fine- 
tooth cutters for production work. 

Sharpening Milling Cutters 
Do not permit a cutter to become dull. Sharpen the cutter often. 
Experience has shown that a dull cutter wears more rapidly than a 
sharp one and does not last as long as a cutter kept in proper 
condition. 

The clearance or relief of a milling cutter is the amount of mate- 
rial removed from the top of the teeth, back of the cutting edge. 
This permits a tooth to clear the stock after the cutting edge has 
done its work. On formed cutters, it is not necessary to consider 
clearance. This is because the teeth are formed so that the clearance 
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angle remains the same when the face of a tooth is ground. Rake 
and clearance angles are illustrated in the profile of a milling cutter 
shown in Figure 12-4. The narrow space or land A back of the cut- 
ting edge is about 'L32 inch in width and is gound  to a clearance 
angle B. This clearance angle, together with the rake angle C on the 
front of the tooth, varies with the material being cut. Changing 
either the clearance angle or the rake angle (or both) only slightly 
can make a vast difference in the operation of the milling cutter on 
the workpiece. 

Figure 12-4 Profile of a milling 
cutter showing (A) clearance 
angles, (6) secondary clearance, 

The clearance angles of milling cutters should always be 
checked. The fact that a milling cutter has a keen cutting edge does 
not necessarily mean that it will cut satisfactorily. As a general rule, 
the clearance angle for plain milling cutters more than 3 inches in 
diameter should be 4". The clearance angle for plain cutters less 
than 3 inches in diameter should be 6". The Cincinnati Milacron 
Company recommends the following clearance angles: 

Aluminum-10" 
* Bronze, cast-10-15" 

Cast iron 

* Fast feeds-7" 
Moderate feeds-6-7" 

* Copper-7-1 0" 

Steel 
Castings-6-7" 

Hard (tool steel)-4-5O 
r Low-carbon-5-7" 

The clearance angle for helical mills depends on the material 
being milled, depth of cut, and so on. Generally, a 5" to  7" clearance 
angle for cast iron and a 3" to  4" clearance angle for machine steel 
are satisfactory. 

Details of a correctly sharpened side mill for milling cast iron are 
shown in Figure 12-5. The illustration shows a 3/&-in~h land that is 
ground at an angle of 6", which is the clearance angle. Immediately 
behind the land, the tooth of the cutter is ground at an angle of 
about 12". This angle should be no larger than is necessary to pre- 
vent the heel of the cutter dragging on the work. The side teeth 
should be ground in exactly the same manner-a 3/64-in~h land, a 6" 
clearance angle, and backed off at a 12" angle. If the side mill were 
used on steel, the proper clearance angle would be 4", rather than 
6". If this kind of cutter shows a tendency to chatter, the clearance 
angle on the side teeth should be reduced to as small as 1". 
Conditions can be improved even more if the sides are slightly hol- 
low ground, that is, if the face of the cutter is ground thinner at the 
inner end of the side teeth (A in Figure 12-5) than at the outer end 
B. Fixed rules cannot be given for the clearance angles on cutters, as 
this depends on the material being machined, the depth of the cut, 
the style of the cutter, and so on. 

S IOE TEETH 

Figure 12-5 Details of a correctly sharpened milling cutter. 
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Mounting the Cutter and Arbor 
To obtain rigidity in the setup, select a cutter that is large enough to  
prevent using an arbor of large diameter. This is necessary to obtain 
best results in heavy-duty milling. Place the cutter (or cutters) on 
the arbor as near the end of the spindlc as the work permits to pre- 
vent springing the arbor (Figure 12-6). 

Figure 12-6 Typical milling machine arbors. (Courtesy Lincrnnotr hlilocrcn COJ 

The support arm, which carries the outer bearing and the inter- 
mediate bearings, should always be used to provide proper support 
for the arbor (Figure 12-7). The arbor support arm carrying the 
outer bearing should be in place before tightening the arbor nut to 
avoid danger of bending the arbor. 

Milling cutters preferably should have a key drive rather than a 
friction drive. If a key drive is used, it is not necessary to  hammer 
the arbor wrench to tighten the nut; it can be tightened sufficiently 
by hand. Various cutter mounting and arbor supports are shown in 
Figure 12-5. 

Short arbors (see Figure 12-8A) are provided with a pilot bearing 
at  the cnd of the arbor. This bearing fits a split bronze bushing X in 
the arbor support. 

Some medium-length arbors (see Figure 12-8B), in addition to an 
end pilot bearing X, have an arbor bearing collar to fit the intermedi- 
ate support Y. This support should be placed as close to  the milling 
cutter as is practical; the cutter should be located as close t o  the 
shoulder of the arbor as conditions permit. Another style of medium- 
length arbor (see Figure 12-8C) does not have the pilot bearing for 
the bronze bushings at the end of the arbor, but it is provided with a 
hearing collar for placing thc arbor support near the cutter. 

Figure 12-7 An overarm provides rigid support for the arbor and 
cutters, maintains accurate alignment, and dampens vibrations set up by 
Cutter action. (Courtesy Crncinnari Mrlijcron Co) 

Figure 12-8 Various cutter mountings and arbor supports for a short 
arbor (A) and medium-length arbors (8 and C). 
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Long arbors (Figure 12-9A) should have two support bearings 
whenever possible. One support Y should be placed between cut- 
ters that are spaced at a distance on the arbor, and the other sup- 
port Z (to which the braces are fastened) should be as near the 
outside cutter as conditions permit. 

BRACES / 

BRACES' 

U BRACES / 
Figure 12-9 Various cutter mountings and arbor supports for long 
arbors. Correct methods of mounting are shown in (A), (B), and (C); an 
incorrect method of mounting is shown in (D). 

If the width of the table does not permit bringing the outer sup- 
port Z (to which the braces are fastened) near the cutters, the inter- 
mediate support Y can be placed near the outer cutter, between it 
and the outer support (see Figure 12-9B). 

In some instances, the nature of the work requires the cutters to 
be placed near the outer end of the arbor (see Figure 12-9C). Then, 
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the intermediate support Y should be placed between the inner cut- 
ter and the spindle. 

An incorrect method of mounting a milling center on a long 
arbor is shown in Figure 12-9D. This kind of setup should never be 
used, because it cannot possibly produce results that are satisfac- 
tory. 

Direction of Cutter Rotation 
The direction of cutter rotation in relation to  direction of feed is 
highly important. Many cutters can be reversed on the arbor, so it 
is important to  know whether the spindle is to  rotate clockwise or 
counterclockwise. In this connection it is also important to  know 
the direction of feed. The direction of feed is opposite the direction 
of cutter rotation in conventional milling (Figure 12-10). This can 
be called "up-cutting," which means that the cutting edge starts at 
the bottom of the cut and removes a progressively larger chip as the 
feed progresses. Formerly, all milling was done in this manner, but 
it has a disadvantage in that a certain amount of rubbing occurs 
before the tooth takes hold, and a series of small scallops shows on 
the finished surface. 

CONVENTIONAL CLIMB 

FEED FEED 

1 I 

Figure 12- 10 Conventional milling action (left) and climb milling 
action (right). 

The direction of feed is in the same direction as the direction of 
cutter rotation in climb milling (see Figure 12-10). This action is also 
known as "down milling" or "hook milling." Fast cutting rates and 
a better finish are obtained in climb milling. The pressure of the cut 
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tends to hold the workpiece downward on the table. However, climb 
milling cannot be used on older machines unless they have a backlash 
eliminator on the feed screw nut-except where the work must be 
climb-milled and light cuts can be taken. If climb milling is attempted 
on an unsuitable machine, the work can be dragged under the cutter, 
which will jam and break, and the machine can be seriously dam- 
aged. Most modern milling machines are designed for climb milling. 

Locating the Cutter 
For most milling operations, the position of the cutter in relation to 
the work is not of great importance. Usually the worktable can be 
moved up or down and forward or backward until the cutter barely 
touches the work. If it is necessary to position the cutter accurately 
in relation to  a flat surface, a square or straightedge can be used to 
align the cutter with the surface. Then, the work can be moved the 
necessary amount by means of the manual controls. 

If a round surface is involved (such as milling a keyway in a 
shaft), a different positioning technique is required (Figure 12-11). 
If the front side of the cutter can be brought tangent to the shaft, 
move the table by hand until a tissue paper feeler can barely be 
removed from between the work and the cutter. Set the cross-feed 
dial to zero. Then, lower the worktable and move the workpiece 
toward the cutter a distance equal to  one-half the cutter thickness 
(see Figure 12-11A). This distance can be measured by carefully 
counting the graduations on the dial. Even the paper thickness can 
be allowed for, if extreme accuracy is desired. 

If the cutter cannot be brought tangent to  the workpiece, a 
square and scale can be used (see Figure 12-11B). To set for depth 
of cut, raise the worktable until a paper feeler can barely be 

I 

SQUARE 

removed from between the cutter and the top of the workpiece, and 
set the vertical-feed dial to zero. 

,--: ----- L - -  . 1 '  
I I 1  
I I 1  

Speeds and Feeds 
Speed and feed rates are governed by several variable factors: mate- 
rial, cutter, width and depth of cut, required surface finish, machine 
rigidity and setup, power and speed available, and cutting fluid. 
Even though suggested rate tables are provided here, individual 
experience and judgment are extremely valuable in selecting correct 
milling speeds and feeds. The lower figure in the table for a given 
material should always be used until sufficient practical experience 
has been gained to change to the highest figure. Speed can be 
increased until either excessive cutter wear or chatter indicates that 
the practical limit has been exceeded. 

I 4 

Figure 12- I I Two methods of locating the cutter in relation to  the 
center of a round workpiece: (A) tissue paper method, and (B) use of 
square and scale. 

Speeds 
Unlike lathe tools, the cutting action for each tooth of a milling cut- 
ter is intermittent; there are relatively long cooling intervals, with 
the cooling intervals for large-diameter cutters being longer, of 
course, than for smaller cutters. The introduction of high-speed 
steel and the newer, faster-cutting alloys for construction of the cut- 
ters has considerably increased cutter speeds, as compared with the 
cutting speeds for the carbon steel cutters that were used formerly. 
Thus, the material used in construction of the cutters has an impor- 
tant bearing on permissible speeds (see Table 12-1). 

Cast iron 
Semisteel 
Malleable 
iron 

Cast steel 

Copper 

Brass 

Table 12- I Cutting Speeds (Surface Feet per Minute) 

High-speed Steel Carbide-Tipped 

Mater ia l  Rough Finish Rough Finish Coolant 

50-60 80-110 180-200 350400  Dry 
40-50 65-90 140-160 250-300 Dry 

80-100 110-130 250-300 400-500 Soluble, 
sulfurized, 
or mineral oil 

45-50 70-90 150-180 200-250 Soluble, 
sulfurized, 
mineral, or 
mineral lard oil 

100-150 150-200 600 1000 Soluble, 
sulfurized, or 
mineral lard oil 

200-300 200-300 600-1000 600-1000 Dry 
(continued) 
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Table 12- I (continued) 

Material High-speed Steel Carbide-Tipped 

Rough Finish Rough Finish Coolant 

Bronze 100-150 150-180 600 1000 Soluble, 
sulfurized, or 
mineral lard oil 

Aluminum 400 70 0 Soluble or 

sulfurized oil, 
mineral oil, and 
kerosene 

Magnesium 600-800 1000-1500 1000-1500 1000-5000 Dry, kerosene, 
mineral lard oil 

SAE steels 
1020 60-80 

(coarse feed) 

1020 
(fine feed) 

1035 

X-1315 

1050 

2315 

3150 

4340 

Stainless 
steel 

Soluble, 
sulfurized, 
mineral, or 
mineral lard oil 

Soluble, 
sulfurized, 
mineral, or 
mineral lard oil 

Soluble, 
sulfurized, 
mineral, or 
mineral lard oil 

Soluble, 
sulfurized, 
mineral, or 
mineral lard oil 

Soluble, 
sulfurized, 
mineral, or 
mineral lard oil 

Soluble, 
sulfurized, 
mineral, or 
mineral lard oil 

Soluble, 
sulfurized, 
mineral, or 
mineral lard oil 

Sulfurized and 
mineral oils 

Sulfurized and 
mineral oils 

Courtesy Cincinnati Mllacron Co 

The amount of material to be removed per minute, and the rela- 
tionship between depth of cut and feed, influences cutter speed. For 
example, a cut '/a inch in depth and %-inch feed per revolution can 
be taken at a higher speed than a cut 1/4 inch in depth and 'h-inch 
feed per revolution, although the amount of material removed per 
minute would be the same in each operation. Cutter speed also can 
depend on the rigidity of the machine and the fixture in which the 
workpiece is held. 

On some jobs, disregarding expense, the cutter can be run at 
excessive speed if it is reground frequently, or it can be run at a very 
slow speed and reground at longer intervals. Accordingly, speeds 
can be determined for a given cutter at which its greatest efficiency 
is achieved. 

Cutter speeds are always given in surface feet per minute (sfpm), 
that is, the speed at which the circumference of the cutter passes 
over the work. Thus, the surface speed of a 6-inch cutter is twice as 
great as that of a 3-inch cutter for a given number of spindle revo- 
lutions. As spindle speed of a milling machine can be given only in 
revolutions per minute (rprn), it is necessary to translate sfpm into 
rprn for making speed adjustments on the machine. If a table of 
speeds is not available, spindle speed can be calculated by the 
following formula: 

sfpm X 12 
rprn = 

diameter 

Likewise, sfpm can be calculated by the following formula: 

diameter x rprn 
sfpm = 

12 

Feeds 
The feed rate is the rate at whlch the work advances past the cutter and 
is commonly given in inches per minute (inlmin.). Generally, the rule 
in production work is to use all the feed that the machine and the work 
can stand. However, it is a problem to determine where to start the 
feed. Table 12-2 and Table 12-3 provide the suggested feed per tooth 
for high-speed steel and sintered carbide-tipped milling cutters, 
respectively. Note that the feeds are given in thousandths of an inch 
per tooth for the various cutters. Multiply the feed per tooth by the 
number of teeth, and multiply that product by the rprn to determine 
the feed rate in in./min., as follows: 

in./min. = feeds per tooth X number of teeth X rprn 
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Table 12-2 Suggested Feed perTooth for High-speed Steel 
Milling Cutters 

Slotting Form- 
Face Helical and Side End Relieved Circular 

Material Mills Mills M i l k  Mills Cutters Saws 

Plastics 0.013 0.010 0.008 0.007 0.004 
Magnesium and 
alloys 

Aluminum and 
alloys 

Free-cutting 
brasses and 
bronzes 

Medium 
brasses and 
bronzes 

Hard brasses 
and bronzes 

Copper 
Cast iron, soft 

(150-180 BH) 
Cast iron, 

medium 
(180-220 BH) 

Cast iron, hard 
(220-300 BH) 

Malleable iron 
Cast steel 
Low-carbon 
steel, free 
machining 

Low-carbon 
steel 

Medium-carbon 
steel 

Alloy steel, 
annealed 
(180-220 BH) 

Alloy steel, 
tough 
(220-300 BH) 

Alloy steel, 
hard 
(300400 BH) 

Table 12-2 (continued) 

Slotting Form- 
Face Helical and Side End Relieved Circular 

Material Mills Mills Mills Mills Cutters Saws 

Stainless steels, 0.010 0.008 0.006 0.005 0.003 0.002 
free machining 

Stainless steels 0.006 0.005 0.004 0.003 0.002 0.002 
Monel metals 0.008 0.007 0.005 0.004 0.003 0.002 

Courtesy Cincinnati M~lacron Co. 

Table 12-3 Suggested Feed perTooth for Sintered Carbide- 
Tipped Cutters 

Slotting Form- 
Face Helical and Side End Relieved Circubr 

Material Mills Mills Mills Mills Cutters Saws 

Plastics 0.015 0.012 
Magnesium and 

alloys 
Aluminum and 
alloys 

Free-cutting 
brasses and 
bronzes 

Medium brasses 
and bronzes 

Hard brasses 
and bronzes 

Copper 
Cast iron, soft 
(150-180 BH) 

Cast iron, 
medium 
(1 80-220 BH) 

Cast iron, hard 
(220-300 BH) 

Malleable iron 
Cast steel 
Low-carbon 
steel, free 
machining 

(continued) 
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Table 12-3 (continued) 

Slotting Form- 
Face Helical and Side End Relieved Circular 

Material Mills Mills Mills Mills Cutters Saws 

0.008 0.007 0.004 0.004 Low-carbon 
steel 

Medium-carbon 
steel 

Alloy steel, 
annealed 
(180-220 BH) 

Alloy steel, 
tough 
(220-300 BH) 
Alloy steel, hard 
(300-400 BH) 

Stainless steels, 
free machining 

Stainless steels 
Monel metals 

- - 

Courtesy Cinclnnoti Milocron Co. 

In actual practice, it is better to start the feed rate at  a lower fig- 
ure than that indicated in the table and to work upward gradually 
until the most efficient removal rates are reached. Too high a feed 
rate is indicated by excessive cutter wear. A cutter can be spoiled by 
too fine a feed, as well as by too heavy a feed. A rubbing action, 
rather than a cutting action, can dull the cutting edge, and excessive 
heat can be generated. This can be true also in relation to  depth of 
cut. The first cut on castings and rough forgings should be made 
well below the surface skin. Milling cuts less than 0.015 inch 
should be avoided. To obtain a good finish, take a roughing cut fol- 
lowed by a finishing cut, with a higher speed and lighter feed for 
the finishing cut. 

In general, feeds can be increased as speeds are reduced. 
Therefore, the feed can be increased for abrasive, sandy, or scaly 
material, and for heavy cuts in heavy work. Feed should be 
increased if cutter wear is excessive or if there is chatter. 

Feeds should be decreased for a better finish, when taking deep 
slotting cuts, or when the work cannot be held rigidly. If the cutter 
begins to produce long, continuous chips, the feed should be 
decreased. 

A good commercial finish can be obtained by using a feed rate 
that removes a chip of 0.030 inch to 0.050 inch per revolution of 
the cutter. Finer finishes, of course, necessitate finer feeds, but a 
feed of 0.015 inch to 0.020 inch per revolution usually produces an 
excellent finish. 

Coolants 
Various liquids and compressed air are used to carry off some of the 
heat generated in machining of metals. The kind of coolant depends 
on the material being machined. 

Cast iron machined at usual speed and feed does not overheat 
the milling cutters. A liquid coolant should not be used with cast 
iron because the chips mix with the liquid, resulting in a sticky mass 
that clogs the cutter teeth and is difficult to remove. 

Compressed air can keep the cutter cool and free from chips. 
The chief disadvantage of compressed air is that too much pressure 
can scatter the chips and dust, which makes the machine untidy and 
causes trouble. 

Brass can be milled dry. Steel generates considerable heat in 
machining. Therefore, an abundance of coolant should be used. 
Lard oil makes an excellent coolant. The use of a coolant makes 
both light and heavy cuts possible at much higher speeds, thereby 
permitting a smaller cut per tooth, which reduces the stresses on the 
workpiece and the arbor. 

The large volume of lubricant carries away most of the chips, 
which aids in reducing cleaning on some jigs and fixtures. A lubri- 
cant is usually applied to  the cutter through piping that has a swivel 
joint, so that the liquid can be directed to the cutter. See Table 12-1 
for recommended coolants to be used with various materials. 

Taking the Milling Cut 
A quick check should be taken to make sure that everything is in 
order before you actually begin to cut metal. Make certain that the 
work and fixture will clear all parts of the machine and that the cut- 
ter will not strike any part of the fixture or holding device. The 
machine should be well oiled, and there should be an adequate sup- 
ply of cutting fluid in the reservoir. All table movements that will not 
be used in the operation should be locked, and all those movements 
that will be used should be unlocked. The table dogs should be set to 
throw off the feed after the required length of cut. The dogs should 
be set to stop the rapid traverse movement before the work reaches 
the cutter, if rapid traverse is to  be used. The starting lever and table 
control levers should all be in neutral. The spindle speed control 
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should be set to the required speed, and the feed rate should be set at 
one-half to one-quarter of the feed rate selected for cutting. 

After starting the main motor and cutting fluid pump, push 
over the starting lever and make certain that the cutter is rotating 
in the correct direction. If it is rotating in the wrong direction, stop 
the spindle, engage the reverse lever, and restart the spindle. The 
work should be positioned for a light trial cut before going to full 
depth. Push the table control lever in the direction the table is to 
move, and take the trial cut for about '/2 inch in length. Then, stop 
the machine, reverse the table, and examine the cut. If the trial cut 
is satisfactory, increase the feed rate to the full rate selected. Take a 
full-depth cut over the entire workpiece surface, making certain 
that plenty of cutting fluid is pouring over the point where the cut- 
ter engages the metal. Unless there is a very good reason, do not 
stop the cutter until it has passed entirely over the work, or else a 
depression or scallop will be left on the surface. This is particularly 
important on finishing cuts. 

The work should not be reversed under the cutter without first 
backing it away slightly. To do so can cause chatter and can cause a 
jam that can break the cutter and spoil the work. All feed screws have 

backlash, so a slight backward movement on the handle will not 
move the table the same amount. Note the starting point, and then 
give the handle at least a half turn. When the handle is returned to the 
starting point, the work will be returned to exactly the same place; 
then the handle can be advanced the required amount for the next cut. 

Attachments and Accessories 
A wide variety of standard attachments and accessories can increase 
the overall usefulness of the standard milling machine. One of the 
most useful of these is the uniuersal dividing head (Figure 12-12). 
This device provides a means of holding the work in a chuck, 
between the centers, or in a collet, and revolving it (indexing) 
through a desired number of equal divisions. The unit is mounted on 
the machine table, and the head can be tilted to any angle. The work 
can be rotated through a full 360" by a worm or bevel gears. 

Figure 12- I 2  The universal dividing head permits indexing through 
any desired number of divisions. (Courte~y Cinrlnnmii Mii,cron CO) 

Figure 12- 13 Micrometer table attachment for use on a milling 
mac hine. (Cor~rteiy Cii~cinnoti Milocron GO.) 
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A series of index plates is available for dividing the circle into any 
desired number of parts. For example, to divide into seven parts, 
select a circle of holes in the index plate that is divisible by 7, such as 
28. As 40 revolutions of the crank are necessary for one revolution 
of the work on the spindle, divide 40 by the number of divisions 
(40 7) to give 55/7. Therefore, to obtain seven equal divisions, it is 
necessary to  turn the crank five complete turns and a 5/7 turn for 
each division. As the circle has 28 holes, use /7 of 28, or 20 holes. 
So, after each cut, turn the crank five complete turns, plus 20 spaces 
on the 28-hole circle. 

Figure 12- 14 Milling a dovetail with the vertical milling attachment 
and swivel vise. (cowtesv Clncrnnotr Mrlocron CO) 

A micrometer table attachment for jig and die work is shown in 
Figure 12-13. This attachment enables the operator to perform 
boring and recessing operations. 

Vertical milling attachments are designed so that vertical milling 
can be performed on a horizontal machine (Figure 12-14). These 
attachments can be used for drilling, boring, cutting T-slots, and 
other such work. 

Summary 
The operator of a milling machine should be aware of certain safety 
precautions. If proper precautions are taken, danger can be avoided 
and safe, profitable operations can be assured. Never move an 
operating lever without knowing in advance the action that is going 
to take place. Stay clear of the milling cutter; do not touch a cutter 
unless there is a good reason to do so. These are just a few precau- 
tions that should be observed. Keeping the machine clean and oiled 
cannot be emphasized too strongly. A clean and oiled machine is 
generally in better mechanical condition than one on which dirt has 
been allowed to accumulate. 

Workpieces must be mounted properly and securely. Clamping 
devices (such as T-bolts, toe dogs, and screw pins) are similar to 
those used to hold planer workpieces. Always keep cutters clean 
and sharp. Dull cutters wear more rapidly than sharp ones and do 
not last as long as cutters kept in proper condition. 

Proper speed and feed rates are governed by several factors. 
These factors are material, cutter width, depth of cut, surface fin- 
ish, power and speed available, and cutting fluid. The amount of 
material to be removed per minute is in direct relation to  the depth 
of cut and cutter speed. The feed rate is the rate at which the work 
advances past the cutter, which is commonly referred to as inches 
per minute. 

Various liquids and compressed air are used to  carry off some 
of the heat generated in machining of metals. The kind of 
coolant depends on the material being machined. Compressed 
air can keep the cutter cool and free from chips. The chief disad- 
vantage of compressed air is that too much pressure can scatter 
the chips and dust, which makes the machine untidy and causes 
trouble. 

A quick check should be taken to make sure that everything is in 
order before you actually begin to cut metal. 

A wide variety of standard attachments and accessories can 
increase the overall usefulness of the standard milling machine. One 
of the most useful of these is the universal dividing head. 



266 Chapter I2 

Review Questions 
I. What should the operator of a milling machine do to make 

the machine a safe piece of equipment? 
2. Why should the machine be kept clean and properly oiled? 
3. What is meant by clearance angle? 
4. List some of the mounting methods and devices used with a 

milling machine. 
5. Why is selecting the proper milling machine cutter so impor- 

tant? 
6. Why is sharpening a milling machine cutter so important? 
7. What is the purpose of the overarm on a milling machine? 
8. What is an arbor? 
9. Why is the direction of cutter rotation in relation to the direc- 

tion of feed so important? 
10. What is climb milling? 



Milling Machine Dividing Heads 
The dividing head (also called an ifzdex head) is a device that can be 
used to  rotate a piece of work through given angles-usually equal 
divisions of a circle. A dividing head, in combination with the lon- 
gitudinal feeding movement of the table, is used to impart a rotary 
motion to a workpiece for helical milling action, such as in milling 
the helical flutes of cutters. 

Dividing heads are used in milling operations whenever it is nec- 
essary to divide a circle into two or more parts (Figure 13-1). This 
includes spacings for gear teeth or milling cutter teeth, boring holes 
in jigs, and other kinds of work that require precision spacing. 
When a tailstock is used with the dividing head to support the work- 
piece between centers, the combination setup is called an index cen- 
ter. When it is in use, the dividing head is bolted to the table of the 
milling machine and becomes part of the equipment of the machine. 

Figure 13- 1 Universal wide-range divider for  milling machine. 
(Courtesy Cincinnati M~locrun Co) 
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Classification 
The types of dividing heads used on milling machines are plain, uni- 
versal, and helical. Dividing heads can also be classified as to size 
(for example, the Cincinnati Milacron Company dividing head is 
available in three different sizes). 

Plain Dividing Head 
The basic parts of a plain dividing head are shown in Figure 13-2 
and Figure 13-3. In a plain dividing head, the spindle rotates about 
a horizontal axis. 

The principal parts of the dividing head are spindle, worm 
wheel, worm, index plate, index pin, and sector. 

The worm wheel is keyed to the spindle so that the spindle turns 
with the wheel. The worm wheel has 40 teeth on most dividing 
heads. 

The worm meshes with the worm wheel. The ratio of the two 
gears is 40:l. Therefore, 40 revolutions of the worm are required to 
turn the worm wheel one complete revolution. 

The index plate is one of a set that is provided with the dividing 
head. The index plate can be removed easily and another plate sub- 
stituted as necessary for the desired spacing. Each index plate con- 
sists of several circular rows of holes-each circular row having a 
different number of holes. 

The index pin is located on the end of the crank, which is 
attached to the worm shaft. The crank is used to rotate the spindle 
through the worm gearing. The arm length of the crank is 
adjustable so that the index pin can drop into any hole in any 
circular row of holes. 

The sector consists of two radial arms constructed in such a 
manner that the angle between them can be changed and locked 
by a clamp screw in any included angular position. The sector 
can be used to save time and reduces the possibility of an error in 
counting the number of holes for each movement of the index 
pin. 

In actual operation, the index crank should be adjusted for the 
correct circular row of holes. The index pin is dropped into the cor- 
rect hole in the row. Then, rotate the sector arm A (see Figure 13-2) 
against the left-hand side of the index pin. Next, move the sector 
arm B in the same direction that the index pin is to turn until the 
correct number of holes is counted between the pin and the sector 
arm B. Now lock both sector arms in position. Never count the 
hole in which the index pin has been inserted; this hole is the 
"zero" hole. 

RAPID- 
WORM WHEEL F 

PLAIN HEAD 

SPACI 

LNDEX PLATE 

SE 

CENTER 

d 

\ INDEX P I N  

WORM 

Figure 13-2 Diagram showing basic parts of a plain dividing head 
(side view). 

Universal Dividing Head 
The universal dividing head differs from the plain dividing head in 
that the spindle can be tilted (that is, swiveled to any angular 
position in a vertical plane, within the angular range ~rovided). As 
shown in Figure 13-4, the casting that carries the spindle is 
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P L A I N  HEAD 
I 

HOLE IN INDEX PLATE 

PLATE 

Figure 13-3 Diagram showing interior parts of a plain dividing head 
(cross-sectional view). 

ANGULAR 
CLAMP BOLT 

CIRCULAR GUIDE 

Figure 13-4 Diagram of  the universal dividing head, showing the 
arrangement for  swiveling the spindle (side view). 

The universal dividing head is built for a greater range of work 
than the plain dividing head. For some kinds-of taperedwork, it is 

mounted in a circular guide, forming part of the swivel or universal necessary to tilt the spindle at an angle to the table. The universal 
head. The spindle can be tilted to any angular position AB by rotat- dividing head is designed for this kind of work. Angular gradua- 
ing the spindle casting, which can be clamped in any angular posi- tions at the top of the housing serve as a guide to setting the spindle 
tion by tightening the angular clamp bolt. The circular guide is at any angle with reference to  the horizontal. Figure 13-5 shows a graduated in degrees and fractional degrees. milling operation in which the spindle is tilted at an angle. 
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Figure 13-5 Setup for the dividing head for milling cams. 
(Courtesy Cincrnnatr Miiacron Co) 

Helical Dividing Head 
The helical dividing head differs from the plain and universal types 
in that the spindle of the head can be connected to the table lead 
screw by gears so that the work can be rotated as it is moved longi- 
tudinally bv the table. The two movements are in a definite ratio , > 

that is determined by the combination of gears used. These gears 
are similar to the feed gears on a lathe. 

The combination of the rotary and longitudinal movements 
causes the tool to cut a helix AB. as shown in Figure 13-6. The cut- 
ting tool begins at A, cutting the helix from 2 to  B as the tool 
rotates in the direction indicated by C, while the table is moving the 
work in the direction indicated bv D. The helix cut is either a rinht- 
hand or left-hand helix, depending on the direction in whichuthe 
work is rotated. 

The  itch of the helix d e ~ e n d s  on the rate of rotation of the 
work w:th respect to the mo;ement of the table. Milling the flutes 
of a cast-iron rotor is shown in Figure '13-7. 

- 
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HELIX 
(ERRONEOUSLY CAUED "SPIRAL") 

SP I N D K  CENTER \ CYLINDRLCAL WORK 

ROTARY MOVEMENT 
(SPINDLE MOVEMENTl 

\ 
LONG IIUD INAL MOVEMENI 

ITABLE MOVEMENT) 

Figure 13-6 Diagram showing the production of a helix by a 
combination of rotary and longitudinal feeds. 

Figure 13-7 Milling the flutes of a cast-iron rotor. jcourteiy Cincinni~ii Milairon Co) 
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The basic parts of a helical dividing head are shown in Figure 
13-8. A plain dividing head is driven by a gear train from the table 
feed screw, which converts it into a helical dividing head. A bevel 
gear (shown in dotted lines in Figure 13-3 on the shaft to  which the 
worm is attached) is usually free to  rotate on the worm shaft. The 
index plate is fastened to the hub of the bevel gear and is kept from 
rotating on the shaft by a stop pin in the housing. The index crank 
is attached to the worm shaft (see Figure 13-3). If the stop pin is 
withdrawn and the index pin is inserted in one of the holes in the 
index plate, the worm shaft and the bevel gear are locked together. 
Hence, any motion transmitted to  the bevel gear is transmitted to  
the spindle through the gear train, index plate, index pin, index 
crank, worm, and worm wheel (see Figure 13-3). 

WORM C U R  

Figure 13-8 Diagram of a plain dividing head, showing the gear train 
used in cutting a helix. 

The bevel gear (see Figure 13-3) meshes with another bevel-gear 
shaft (Figure 13-8). Spur gears of various sizes can be attached to 
the outer end of the bevel-gear shaft. 

The bevel-gear shaft (which drives the spindle) is driven by the 
table feed screw through the gear train, which consists of the feed 
screw gear, two stud gears, and the worm gear (see Figure 13-8). 
The worm gear is actually a spur gear, but it is usually called the 
worm gear because it drives the worm in the driving head. 

Various changes in the relative movements of the table feed screw 
and the spindle can be obtained by using gears of different sizes. Figure 
13-8 shows only a single gear train. Sometimes an idler gear is inter- 
posed, as on an engine lathe when the selected gear diameters do not 
permit direct connection of the feed screw and the bevel-gear shaft. 

Dividing Head and Driving Mechanism 
The Cincinnati Milacron Co. manufactures dividing heads in 10- 
inch, 12-inch, and 14-inch sizes. These dividing heads are used exten- 
sively in milling spiral and helical gears, cams, etc. Motion is 
transmitted to  the spindle in the same manner in all the different sizes 
of heads. Two types of driving mechanisms can be used on all heads: 

Enclosed standard-lead driving mechanism-Standard equip- 
ment on universal knee-and-column machines and available 
for plain and vertical machines 

Short and long lead attachment-Extra equipment 

The dividing head is designed so that its spindle can be swiveled 
vertically. The spindle is housed in a swivel block. It can be 
swiveled to any angle from 5" below the horizontal to  5" beyond 
the vertical. Thus, bevel gears of any pitch angle can be milled, as 
well as many other kinds of work that require concentrically spaced 
slots or holes at  an angle to  the centerline of the workpiece. 

Because of the splined shaft drive, the headstock of the dividing 
head is not required to be placed flush with the end of the table 
when set up with the driving mechanism. This kind of setup is 
required for milling scrolls and certain kinds of cams. 

Setup of Dividing Head and Driving Mechanism 
The following instructions for setting up the dividing head and 
driving mechanism should be followed in order: 

I .  The table of the milling machine and the bottoms of the divid- 
ing head and tailstock should be cleaned. 

2. Clamp the headstock of the dividing head in the center slot of 
the table, in a location suitable for the work. 



276 Chapter I 3  Milling Machine Dividing Heads 277 

3. Check the spindle of the dividing head with a test bar and 
indicator to be certain that it is parallel to the table. 

4. Depending on the length of the work, clamp the tailstock in 
proper position. 

5. Align the tailstock center with the headstock center. 
6. Center and align the cutter with the dividing head or head- 

stock center. 
7. Lock the saddle in position. 
8. Swing the table to the helix angle that is to  be milled (univer- 

sal machine only). If a universal milling attachment is used on 
a plain milling machine, swing it to the helix angle that is to 
be milled. 

9. Lock the housing in position (universal machines only). 
18. Withdraw the index plate stop. The index plate must be free 

to  revolve with the index pin. 

Note 

The stop that engages the notches in the rim of the index plate 
should be engaged only when the dividing head is used with- 
out the driving mechanism. 

I I. Set up the change gears. 
12. Set the sector of the index plate for the proper spacing. 
13. Oil the dividing head and the change gears thoroughly. 

Note 

The use of the power rapid traverse for the table is not recom- 
mended when the driving mechanism is connected to  the 
dividing head-especially when the head is equipped with a 
wide-range divider. 

How to Select the Proper Change Gears 
If you want to cut a helix having a 151/4-inch lead, consult the 
"Table of Leads" and find the lead that is nearest 15% inches- 
15.250 inches, in this instance (Figure 13-9). The change gears for 
this lead, 51,18,21,  and 39, can be used because the lead obtained 
is near enough to the desired lead for practical purposes. 

In some instances, the gear C is not listed for some leads. Then, 
only one intermediate gear is required, and a collar is used to 
replace gear C (Figure 13-10). 

Figure 13-9 Typical "Table of Leads" for an enclosed driving mechanism. 

Figure 13- 10 Enclosed standard-lead driving mechanism. (Courtesy C~ncrnnatr 

Milacron Co) 
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Setting Up the Change Gears 
Remove the bell-shaped cover on the apron at the right-hand end of 
the table. It is held in position by a large slotted-head screw. Then, 
place the change gears in the positions indicated for the desired 
lead, making certain that gears B and C are not interchanged. The 
gears X and Y determine whether the lead is in the right-hand or 
left-hand direction, as shown in Table 13-1. 

Table 13- 1 Determining Direction of Lead 

Dividing Head Right-Hand Helix Left-Hand Helix 

Remove gear Y. Gears X and Y, as shown 
Reverse gear X. in Figure 13-10 

12 and 16 in. spiral Gears X and Y, Remove gear Y. 
as shown in Reverse gear X. 
Figure 13-10 

Courtesy Cincinnati Milocron Co. 

After completing the setup, move the table by means of the 
hand-feed crank before engaging the power feed. Remove the hand 
crank and keep the cover cloyed while the machine is in operation. 

Summary 
The dividing head is a device that can be used to rotate a piece of 
work through given angles, usually equal divisions of a circle. The 
types of dividing heads used on milling machines are plain, universal, 
and helical. Dividing heads also can be classified in different sizes. 

In a plain dividing head, the spindle rotates about a horizontal 
axis. The universal dividing head differs from the plain head in that 
the spindle can be tilted or swiveled to any angular position in a 
vertical plane. The helical dividing head is different since the spin- 
dle of the head can be connected to the table lead screw by gears so 
that the work can be rotated as it is moved longitudinally by the 
table. The two movements are in a definite ratio that is determined 
by the combination of gears used. 

Dividing heads are manufactured in 10-inch, 12-inch, and 14-inch 
sizes. These dividing heads are used extensively in milling spiral and 
helical gears, cams, and so on. 

One thing to remember is that the use of the power rapid tra- 
verse for the table is not recommended when the driving mecha- 
nism is connected to the dividing head-especially when the head is 
equipped with a wide-range divider. 

Review Questions 
I. What is a dividing head? 
2. What are the three dividing heads used? 
3. What are the basic differences between the dividing heads? 
4. The worm gear is keyed to the so that the spindle 

turns with the wheel. 
5. What is an index plate? 
6. Where is the index pin located? 
7. Describe the universal dividing head. 
8. Describe the helical dividing head. 

9. A helix can be produced by a combination of rotary and 
feeds. 

10. How do you set up the change gears? 



The dividing head (also called index head) is a device used to rotate 
a workpiece through given angles-usually equal divisions of a cir- 
cle. Indexing is the operation in which the spindle of an index head 
is rotated through a desired angle by means of turning the index 
crank, which controls the interposed gearing. 

An indexing plate is a plate perforated with variously spaced 
holes arranged in concentric circles and is used in a milling or simi- 
lar machine for dividing work (such as spacing out teeth in gear 
cutting). An index wheel is a circular wheel or disc graduated 
around its circumference for indicating the angular measurements 
through which it has been moved. It is used on dividing engines for 
testing or for adjusting the feed on lathes. 

In most dividing heads, 40 revolutions of the index crank are 
required for one revolution of a spindle (a ratio of 40:l). Some 
dividing heads are constructed with a 5:l ratio. 

Index Plates 
A great variety of index plates are available for all indexing require- 
ments. Usually, three index plates are provided with the dividing 
head, each plate consisting of six concentric circular rows of holes. 
Each circular row of holes is designated as an index circle. The cir- 
cular row that contains 36 holes is referred to as the "36 circle." A 
typical set of index plates contains six circular rows of holes, as fol- 
lows: 

Plate No. 1-15, 16, 17, 18, 19,20 
Plate No. 2-21,23,27,29, 31, 33 
Plate No. 3-37, 39, 41,43,47,49 

The dividing head manufactured by the Cincinnati Milacron Co. 
is equipped with one standard index plate that has a different series 
of holes on each side of the plate. The number of holes in each 
circular row of holes is as follows: 

First side-24, 25,28, 30, 34, 37, 38, 39,41, 42,43 
Second side--46,47,49, 51,53,54, 57,58, 59, 62, 66 
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One of three special index plates can be used to replace the stan- 
dard plate. Each special index plate has 11 circular rows of holes on 
each side. Each circular row contains the number of holes, as 
shown in Table 14-1. 

Table 14- 1 Special lndex Plates 

Side Number of Holes in Each Circular Row 

Divisions from 2 to 400,000 can be indexed directly on the 
"Wide Range Divider" manufactured by the Cincinnati Milacron 
Company. A large index plate, sector, and crank together with a 
small index plate, sector, and crank are used on the device. The 
crank on the small index plate operates through reduction gearing 
of 100:l ratio. The ratio between the worm shaft and the spindle is 
40:l.  

Methods of lndexing 
The dividing head can be used for several different methods of 
indexing. Index tables are provided by the manufacturer of the 
machine to aid in obtaining angular spacings and divisions. 

Direct or Rapid lndexing 
Direct indexing, also called rapid indexing, is used only on work 
that requires a small number of divisions (such as square and 
hexagonal nuts). In direct indexing, the spindle is turned through a 
given angle without the interposition of gearing. This is the simplest 
method of rotating the spindle through a given angle and is accom- 
plished by turning the spindle by hand. 

The index plate is fastened directly to the spindle, so that one 
complete revolution of the index plate rotates the spindle one com- 
plete revolution. Index plates of this type have only a few holes, 
but they should have as many holes as the number of divisions 
requires. 

For example, an index plate with 24 holes can be used for any 
number of equal divisions divisible into 24. 'The divisions that are 

possible with a 24-hole index plate are as follows: 

An index plate can be used for any number of divisions that 
divides the numbcr of holes in the plate equally. A plate with a 
larger number of holes than is required can be used if the number of 
holes is an exact multiple of the number of divisions required. In 
production work, it is safer to use a plate that has exactly the same 
number of holes as the required number because the possibility of 
making a mistake in indexing is reduced. Figure 14-1 shows the 
basic parts of an index plate that can be used for direct indexing. 

I\ SPINDLE 

Figure 14-1 Basic diagram of an index plate, simplified to illustrate 
the principles of direct indexing. 

As shown in Figure 14-1, the index plate (for the sake of sim- 
plicity) consists of eight index holes. Following are the possible 
divisions: 

Rotating the index plate eight, four, two, and one holes corre- 
sponds to angular movements of the plate and spindle of 360°, 
1 80°, 90°, and 4.S0, respectively. 

In all methods of indexing, it should be remembered that the 
hole from which the latch pin is disengaged when beginning to 
rotate the index plate is not counted; it is the "zero" hole. Actually, 
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the number of spaces between the holes is counted, but it is the 
usual practice to count the number of holes-except for the begin- 
ning hole. The result is the same. The holes are counted, rather than 
the spaces, because it is much easier for the eyes to follow the holes 
when counting. 

When milling a four-sided workpiece, such as a square nut, the 
first side is milled with the index pin in the "zero" hole; the second, 
fourth, and sixth index holes are used, since the remaining sides of 
the square nut are machined. As noted in Figure 14-1, the equal 
spacings-0-2, 2-4, and 4-6-each correspond to a 90" angular 
movement of the spindle. Similarly, in milling an eight-sided work- 
piece, the index plate is moved one hole for milling each side. 

As mentioned, for simplicity, an index plate with only one circu- 
lar row of eight holes was used in Figure 14-1, but index plates are 
provided that have a greater number of holes. For example, a stan- 
dard index plate will have three concentric circular rows of holes 
consisting of 24, 30, and 36 holes, thereby increasing the range of 
the plate. 

Plain Indexing 
Plain indexing (sometimes called simple indexing) is an indexing 
operation in which the spindle is turned through a given angle with 
the interposition of gearing1 between the index crank and the spin- 
dle. This gearing usually consists of a worm on the index 
crankshaft that meshes with a worm wheel on the spindle. Several 
turns of the index crank are required for each rotation of the spin- 
dle-usually a ratio of 40:l. 

The gearing arrangement provides a wide range of divisions or 
angular movements that are impossible on a direct-indexing plate. 
Because the index crank makes 40 revolutions to each revolution of 
the spindle, one revolution of the crank provides l/40 revolution of 
the spindle. Likewise, 5, 10, and 20 revolutions turn the spindle 
one-eighth, one-fourth, and one-half revolutions, respectively. 

All dividing heads or index heads are provided with index plates 
that have circular rows containing a different number of holes, so 
almost any fractional turn of the index crank can be accomplished 
by using the correct index plate. 

Use of the Dividing-Head Sector 
On the Cincinnati Milacron Company dividing head, a sector 
(which is concentric with the index plate and crank) is used for 
plain indexing a fraction of a turn-especially when the procedure 
is repeated a number of times. The sector enables the operator to 
locate the index pin in the correct hole without counting the 

number of spaces that the pin must be moved forward for each divi- 
sion on the work (that is, after the sector has been set for the 
required number of spaces, as shown in Figure 14-2). The two arms 
of the sector are set apart at  a distance that includes one hole more 
than the number of spaces that are to be indexed. This factor is 
sometimes overlooked and can be the source of error in setting up 
work on the dividing head. 

Figure 14-2 Diagram of dividing-head sector. 

In setting the sector, the narrow edge of the left-hand sector arm 
should be placed in contact with the index pin. The index crank 
should be moved the required number of spaces and then dropped 
into the corresponding hole. Then, the right-hand sector arm 
should be placed against the pin and the sector arms tightened by 
means of a lock screw (see Figure 14-2). 

The following example can be used to describe plain indexing. If 
the correct setting for a 23-tooth gear is desired, first consult the 
"Index Tables," and note that the 46-hole circle must be used for 23 
divisions (Figure 14-3). Set the index plate so that the side with the 
46-hole circle faces the index pin. Set the index pin in any hole in the 
46-hole circle, and space the sector for 34 spaces (see Figure 14-3). 
Then, for each of the 23 divisions, rotate the index pin through one 
revolution of the crank, plus the sector spacing, or 34 spaces. 

The index plate stop (see Figure 14-2) engages the notches in the 
index plate, keeping it from rotating. For a spiral or helical milling 
job, the index plate, sector, and crank rotate as a unit if the dividing 
head is connected to  the driving mechanism. The index plate stop 
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Figure 14-3 The correct circular row of holes to use for the desired 
number of divisions can be obtained from the index table. 

must be disengaged for such a setup. The stop should be engaged 
only when the dividing head is not connected to the power drive, as 
when milling spur gears, bolt heads, etc. The stop serves as a safety 
precaution to prevent errors that would occur if the index plate 
were moved slightly while indexing. 

The stop can also be used to reset work that has been removed 
for inspection purposes. First, reset the work in an approximate 
relationship with the cutter. Withdraw the index plate stop, and 
with the index pin engaged, rotate the crank a sufficient amount to 
position the work accurately. Reengage the stop in the notches on 
the rim of the index plate. Two inches of the circumference of the 
index plate are notched; the notches have a pitch of 0.060 inch. 
Thus, moving the index plate one notch is equivalent to rotating the 
work % x ,  460 revolution. 

How to Calculate Indexing on the Standard Driving Head 
The following rules and example illustrate the procedure for 
obtaining the maximum number of settings for indexing. 
Remember, the ratio between the worm and worm wheel on the 
Cincinnati dividing head is 40: 1. 

I .  Divide 40 by the number of divisions required, to give the 
number of turns or fractional turn of the index crank. 

2. If a fraction of a turn is required, the denominator (lower part 
of the fraction) represents the circle to be used; the numerator 

(upper part of the fraction) represents the number of spaces in 
the circle that must be passed over by the index pin. 

3. Reduce the fraction to its lowest terms. Multiply both the 
numerator and denominator by the same number until the 
denominator equals the number of holes in one of the circles 
on the index plate. 

For example, say you want to calculate all the indexing circles 
that can be used for three divisions. The following formula can be 
used: 

in which t = number of completed turns and/or fraction of a 
turn of the index crank. 

N = number of turns of the index crank for each revolution 
of the dividing-head spindle or workpiece. This is equal 
to 40 turns of the dividing head. 

D = number of divisions required in the workpiece. 

Thus, N = 40 and D = 3. Therefore, from this formula: 

t = 13% revolutions 

One-third of a revolution can be obtained by rotating the index 
pin over one space in a three-division circle (Rule 2). As a three- 
hole index circle is not available, an index circle having a number of 
holes that can be divided into three equal divisions must be used. 
For example, 8 spaces in the 24-hole circle (%4 = l/3), 10 spaces in 
the 30-hole circle (1°/30 = Y3), and so on, can be used. The one-third 
turn can be obtained in each of the following index circles: 

l/3 x 8/s = 8/24 or 8 spaces in the 24-hole circle. 
* l/3 X 1°/lo = 1°/30 or 10 spaces in the 30-hole circle. 

l/3 X 13/13 = 13/39 or 13 spaces in the 39-hole circle. 
* l/3 X 14/14 = 14/& or 14 spaces in the 42-hole circle. 
* Y3 x = l7/51 or 17 spaces in the 51-hole circle. 

l/3 x 18/1x = 18/54 or 18 spaces in the 54-hole circle. 
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* Y3 x I?49 = I757 or 19 spaces in the 57-hole circle. 
* I/3 X 22/22 = 22/66 or 22 spaces in the 66-hole circle. 

The formula can also be used for indexing more than 40 divi- 
sions. For example, say you want to index 152 divisions: 

Since the index plate does not have a circle containing 152 holes, 
it is necessary to transform the fraction into an equivalent fraction 
with the denominator equal to the number of holes in one of the 
circles of the index plate. Since the index plate does contain a 38- 
hole circle, the fraction (40/~s2) can be reduced to by dividing 
both the numerator and the denominator by 4 as follows: 

Thus, the 38-hole circle can be used, and the index pin must be 
moved over a series of 10 holes for each of the 152 divisions into 
which the work is to be divided. 

If you want to index less than 40 divisions (33 divisions, for 
example), the fraction then becomes 40/33 ( t  = 40/33). The index 
plate does not contain a 33-hole circle; also, both an 11-hole circle 
and a 3-hole circle are lacking. Since these are the only numbers 
that can be divided into 33, the transformation to a fraction that 
can be used must be accomplished by multiplying both the numer- 
ator and denominator by the same number, rather than by divid- 
ing, as in the above example. As the index plate contains a 66-hole 
circle, both the numerator and denominator can be multiplied by 2 
as follows: 

In the equivalent fraction 80/66, the denominator (66) represents 
the index circle and the numerator (80) represents the number of 
holes over which the index pin must pass for each division. As the 
66-hole circle does not contain 80 holes, the pointer must make one 
complete turn plus 14 more holes (80 +- 66 = 11%6). 

Calculation of indexing can be illustrated in a practical milling 
problem. Calculate the indexing for milling a hexagonal nut. 

The gearing is in 40:l ratio, so apply the following formula ( t  = 
N/D ) : 

40 
t = - = 6% revolutions 

6 

The crank can be rotated exactly of a revolution by selecting 
an index plate with the correct number of holes in one of its index 
circles. By reducing the fraction (%) to its lowest terms ( 2 / 3 ) ,  an 
index circle having a number of holes equally divisible by the 
denominator (3) can be selected. 

Assuming that the index plate has index circles with 37, 39, 41, 
and 49 holes, the 39-circle can be selected (by inspection) because it 
is the only circle that has a number of holes that is equally divisible 
by 3 (that is, 39 t 3 = 13). Thus, moving the index crank 13 holes 
is equivalent to the following: 

13 1 
- = - revolution of the index crank 
39 3 

Because the index crank must be moved Y3 of a revolution, the 
crank must be moved (13 X 2) or 26 holes for the fractional part 
of the 62/3 revolutions. Therefore, the index crank is turned six 
complete revolutions plus 26 holes for each indexing, when milling 
the hexagonal nut. Before the milling operation is begun, the crank 
must be adjusted radially so that the index pin will register with the 
holes in the 39-hole index circle. 

As mentioned, to avoid counting the number of holes for the 
fractional turn, the sector can be adjusted for the 26 holes. For 
review, set one arm of the sector to touch the index pin, and set the 
other arm so that it barely uncovers the 26th hole from the pin- 
not counting the hole engaged by the pin. Then, clamp the sector 
arms in position. 

Compound Indexing 
The compound indexing operation is a method of obtaining a 
desired spindle movement by first turning the index crank to a def- 
inite setting as in plain indexing and then turning the index plate 
itself to locate the crank in the correct position. Normally, the index 
plate is held stationary by a stop pin, which engages one of the 
index holes. When the stop pin is disengaged, the index plate can be 
rotated. Compound indexing can be used to obtain divisions that 
are beyond the range of the plain indexing system. 
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Occasionally, none of the index plates provided with the 
machine will have a number of holes that is suitable for providing 
the correct number of holes for the required fractional turn of the 
index crank; this can be overcome by compound indexing. Two 
kinds of compound indexing can be used, according to the relative 
movements of the index crank and index plate: 

* Positive compounding 
* Negative compounding 

Positive Compounding 
To illustrate compound indexing, assume that the index plate has 
both a 19-hole and a 20-hole circle. Move the index crank one hole 
in the 19-hole circle. Disengage the stop pin, and rotate the index 
plate one hole in the same direction in the 20-hole circle; this is pos- 
itive compounding (Figure 14-4). 

INDEX PLATE 
MOVED ONE HOLE 

INDEX CRANK 
MOVED ONE HOLE 

\ 

Figure 14-4 Basic diagram of an index plate, showing positive 
compounding. 

The two movements cause the worm to rotate: 

1 1 20 + 19 39 - + - =  -- - 
380 

of a revolution 
19 20 380 

As the worm-spindle ratio is 40 to 1, 

3 9 
-- 

3 9 
: 40 =- of a revolution 

380 15,200 

Negative Compounding 
Note that in negative compounding, the movements are in opposite 
directions (Figure 14-5). Move the index crank one hole in the 19- 
hole circle. Disengage the stop pin and rotate the index plate one 
hole in the opposite direction in the 20-hole circle. The resultant 
rotation of the worm is as follows: 

INDEX PLATE 

1 9 - ~ 0 G  CIRCLE 

INDEX CRANK 

Figure 14-5 Basic diagram of an index plate, showing negative 
compounding. 

The worm-spindle ratio is 40 to 1; the spindle movement, there- 
fore, is 

To index work that requires divisions such as a 69-hole circle, 
for example, the crank should be turned: 

1 40 
- X 40 = - of a revolution 
6 9 69 

If the index plate contained a 69-hole circle, it would only be 
necessary to move the crank 40 holes to obtain one spindle revolu- 
tion. However, in the absence of a 69-hole plate, the same result can 
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be obtained by compounding, using an index plate with both 23- 
hole and 33-hole circles. 

In compound indexing with these index circles, first move the 
crank counterclockwise 21 holes in the 23-hole circle. Then, with- 
draw the stop pin and move the index plate clockwise 11 holes in 
the 33-hole circle. The resulting movement of the crank from its 
original position is 

As the ratio between the crank and spindle is 40 to 1, 

40 1 1 
- x - = - revolution of the spindle 
69 40 69 

Determining Which Index Circles to Use 
The procedure for determining the index circles that can be used 
can be illustrated for the previous example (I/& revolution of the 
spindle; 40 to 1 ratio), as follows: 

I .  Resolve into factors the number of divisions required. 
69 = (23 X 3) 

2. For trial and error, choose an index plate. Arbitrarily select 
two index circles (for example, a 23- and a 33-hole circle). 

3. Subtract the number of holes in the smaller index circle from 
the number of holes in the larger index circle. 
33 - 23 = 10 

4. Factor the difference. 
10 = (2 x 5) 

5. Place the two factors (from 1 and 4) above a horizontal line. 
(23 X 3)(2 X 5) 

6. Factor the number of turns of the crank required for one rev- 
olution of the spindle. 
40 = (2 X 2 x 2  x 5 )  

7. Factor the number of holes for each of the trial index circles. 
23 = (23 x 1) 
33 = (3 x 11) 

8. Place these three sets of factors (from 6 and 7) below the 
horizontal line. 

9. Cancel the equal factors both above and below the horizontal 
line. 

If all factors above the line cancel, the two selected trial index 
circles can be used. If all factors above the line do not cancel, 
two other index circles must be selected for trial and error, 
and the procedure must be repeated. 

10. To obtain crank movement in a forward direction and plate 
movement in a reverse direction, multiply the uncanceled 
factors below the horizontal line. 
2 X 2 X 1 X  1 1 = 4 4  

I I .  Thus, the indexing number is 44. This means that to move the 
spindle l/69 revolution, the index crank must be turned for- 
ward 44 holes in the 23-hole circle, and the index plate must 
be turned 44 holes in the reverse direction in the 33-hole cir- 
cle (step 3). The same result can be obtained by making the 
forward movement in the 33-hole circle and the reverse move- 
ment in the 23-hole circle. 

This example illustrates negative compounding. Plus (+) and 
minus (- ) symbols are used to indicate the forward and reverse 
directions of movement in the indexing tables. 

In compound indexing, the choice of correct index circles (step 2) 
usually cannot be solved on the first attempt, as in the example. 
Normally, two or more selections are necessary before all the 
factors above the horizontal line can be canceled (step 9). 

Compound indexing should not be used when the required divi- 
sions can be obtained by simple indexing, because there is a greater 
possibility for making an error. For this reason, compound index- 
ing has been replaced to a large extent by the differential method. 
However, knowledge of compound indexing can be valuable for the 
machinist. 
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Sometimes the plain and compound indexing systems can be 
combined to advantage in an operation such as gear cutting. Every 
other tooth can be cut by plain indexing, and then the spindle can 
be positioned to locate the cutter in the center of spaces already cut. 
Then, the remaining spaces are cut by plain indexing as before. 

Differential lndexing 
In this method of indexing, the spindle is turned through a desired 
division by manipulating the index crank. The index plate is 
rotated, in turn, by proper gearing that connects it to the spindle. 
As the crank is rotated, the index plate also rotates a definite 
amount, depending on the gears that are used. The result is a differ- 
ential action of the index plate, which can be either in the same 
direction or in the opposite direction in relation to the direction of 
crank movement, depending on the gear setup. As motion is a rela- 
tive matter, the actual motion of the crank at each indexing is either 
greater or less than its motion relative to the index plate. 

In compound indexing, the index plate is rotated manually, with 
a possibility of error in counting the holes. This is avoided in differ- 
ential indexing; therefore, chances for error are greatly reduced. 

Usually, determination of the gears between the index plate and 
the spindle can be accomplished by means of an index table that 
accompanies the machine. 'The table provides data for both plain 
and differential gearing. Thus, it can be determined quickly 
whether the latter method can be used. 

In the differential indexing operation, the index crank is moved 
relative to the index plate in the same circular row of holes in a 
manner that is similar to plain indexing. Since the spindle and index 
plate are connected by interposed gearing, the index plate stop pin 
on the rear of the plate must be disengaged before the plate can be 
rotated. 

In the gearing hookup, the number of idlers determines whether 
the plate movement is positive (in the direction of crank movement) 
or negative (opposite the direction of crank movement). The gear 
arrangements are as follows: 

* Simple-The use of one idler provides positive motion, or the 
use of two idlers provides negative motion to the index plates. 

0 Compound-The use of one idler provides negative move- 
ments, or the use of two idlers provides positive movement. 

In general, the spindle rotates by means of the worm and worm 
wheel gearing, as the crank is turned. The index plate is rotated by 

the gearing between the spindle and the plate. The direction of rota- 
tion is either positive or negative, depending on the gear hookup. 
The total motion or movement of the crank in indexing is equal to 
its total movement in relation to the index plate-that is, the sum of 
its positive motion and its negative motion. 

In simple differential indexing (Figure 14-6), the gear on the 
worm shaft is the driver, and the gear on the spindle is the driven 
gear. The ratio between the number of teeth in each gear determines 
the spacing between the divisions. The number of teeth in the idler 
is not important, because the idler is used only to connect the other 
two gears and to cause the gear on the spindle to rotate in the 
desired direction. Two idlers are often used. 

GEAR ON SPINDLE Figure 14-6 Gearing diagram 
for simple differential indexing. 

G E A ~  ON I 

WORM SHAFT 

In compound differential indexing (Figure 14-7), the idler is also 
used to cause the gear on the spindle to rotate in the desired direc- 
tion. Again, the number of teeth in the idler is not important, but 
the other gears must have the correct number of teeth for the 
desired spacing. The gear on the worm shaft and the second gear on 
the stud are driver gears, and the first gear on the stud and the gear 
on the spindle are driven gears. 

To select the correct change gears, it is necessary to find the 
required gear ratio between the spindle and the index plate. The 
correct gears can then be determined. The following formulas can 
be used to determine these gears, in which 

N is the number of divisions required, 
H i s  the number of holes in the index plate, 
n is the number of holes taken at each indexing, 

V is the ratio of gearing between the index crank and the spindle, 
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S E C O ~ D  GEAR 
ON STUD 

SHAFT 

Figure 14-7 Gearing diagram 
for compound differential 
indexing. 

X is the ratio of the train of gearing between the spindle and 
the index plate, 
S is the gear on the spindle (driven), 
GI  is the first gear on the stud (driven), 
G2 is the second gear on the stud (driver), and 
W is the gear on the worm shaft (driver). 

If HV is larger than Nn, then 

If H V  is less than Nn, then 

For simple gearing, 

For compound gearing, 

Angular lndexing 
The operation of rotating the spindle through a definite angle (in 
degrees) by turning the crank is called angular indexing. 
Sometimes, instead of specifying the number of divisions or sides 
required for the work to be milled, a given angle, such as 20" or 
45", may be specified for indexing. 

The number of turns of the index crank required to  rotate the 
spindle 1" must first be established to provide a basis for rotating 
the spindle through a given angle. Usually, 40 turns of the index 
crank are required to rotate the spindle one complete revolution 
(360"). Thus, one turn of the crank equals 360 + 40 = 9 degrees, or 
?h turn of the crank rotates the spindle 1". Accordingly, to index 
one degree, the crank must be moved as follows: 

* On a 9-hole index plate, 1 hole. 
On an 18-hole index plate, 2 holes. 

0 O n  a 27-hole index plate, 3 holes. 

As an example, on an 18-hole index plate, calculate the crank 
movement needed to index 35". 

Since one turn of the crank equals 9", 35  + 9 = 3% turns of the 
crank for 35". On an 18-hole plate, l/9 turn equals 18 + 9, or 2 
holes, and % turn equals 2 x 8, or 16  holes. Therefore, to  index 
35" on an 18-hole plate, three turns of the crank plus 16 holes on 
the plate are required. 

It should be noted that 
@ One hole in the 18-hole circle equals V2".  

* One hole in the 27-hole circle equals 'so. 
Two holes in the 18-hole circle equals l o .  

c Two holes in the 27-hole circle equals Y 3 " .  

Say you want to calculate the indexing for 1 5  minutes (15'). The 
calculation procedure is as follows: 

One turn of the crank = 9" 
9 X 60' = 540' 
15' = 15/540 of one turn 

Compound Angular lndexing 
When the index crank is moved one hole in the 27-hole circle, the 
spindle rotates 20 minutes (20'); when the crank is moved one hole 
in the 18-hole circle, the spindle rotates 30 minutes (30'). The 



298 Chapter I 4  

compound method can be used to index angles accurately to 1 
minute ( I 1 ) ,  as follows: 

I. Place a 27-hole plate outside a 20-hole plate so that any two 
holes register, and fasten them together in position. 

2. Turn the plates clockwise three holes in the 20-hole circle. 
Then, turn the crank counterclockwise four holes in the 27- 
hole circle. Thus, the total of these movements is a resultant 
spindle movement of exactly 1 minute (1') in a clockwise 
direction. 

Block Indexing 
This is sometimes called multiple indexing and is adapted to gear 
cutting. In this operation, the gear teeth are cut in groups separated 
by spaces. The work is rotated several revolutions by the spindle 
while the gear teeth are being cut. 

For example, when cutting a gear that has 25 teeth, the indexing 
mechanism is geared to index four teeth at the same time. During 
the first revolution, six widely separated spaces are cut. During the 
second revolution, the cutter is placed one tooth behind the previ- 
ously milled spaces. On the third indexing, the cutter drops behind 
still another tooth. In this eicample, the work is revolved four times 
to complete the gear. 

The chief advantage of block indexing is that the heat generated 
by the cutter (especially when cutting cast iron gears with coarse 
pitch) is distributed more evenly around the rim of the gear. Thus, 
distortion caused by local heating is avoided, and higher speeds and 
feeds can be used. 

Summary 
An indexing plate is a plate perforated with variously spaced holes 
arranged in concentric circles and is used in a milling or similar 
machine for dividing work (such as spacing out teeth in gear cut- 
ting). An index wheel is a circular wheel or disc graduated around 
its circumference for indicating the angular measurements through 
which it has been moved. It is used on dividing engines for testing 
or for adjusting the feed on lathes. 

A great variety of index plates are available for all indexing 
requirements. The dividing head can be used for several different 
methods of indexing. Index tables are provided by the manufac- 
turer of the machine to aid in obtaining angular spacings and divi- 
sions. Direct indexing, also called rapid indexing, is used only on 
work that requires a small number of divisions (such as square and 
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hexagonal nuts). In direct indexing, the spindle is turned through a 
given angle without the interposition of gearing. 

Plain indexing is an indexing operation in which the spindle is 
turned through a given angle with the interposition of gearing 
between the index crank and the spindle. The gearing arrangement 
provides a wide range of divisions or angular movements that are 
impossible on a direct-indexing plate. 

Compound indexing is a method of obtaining a desired spindle 
movement by first turning the index crank to a definite setting as in 
plain indexing and then turning the index plate itself to locate the 
crank in the correct position. There is both positive and negative 
compounding. 

Differential indexing is a method of indexing whereby the spin- 
dle is turned through a desired division by manipulating the index 
crank. The index plate is rotated, in turn, by proper gearing that 
connects it to the spindle. 

Compound angular indexing and block indexing are also avail- 
able. Block indexing is sometimes called multiple indexing. The 
chief advantage of block indexing is.that the heat .generated by the 
cutter (especially when cutting cast iron gears with coarse pitch) is 
distributed more evenly around the rim of the gear. Thus, distortion 
caused by local heating is avoided, and higher speeds and feeds can 
be used. 

Review Questions 
I. What is compound indexing? 
2. What is angular indexing? 
3. What is block indexing? 
4. What is an indexing plate? 
5. What is an indexing wheel? 
6. What is the purpose of the indexing operation? 
7. What is rapid indexing? 
8. What is plain indexing? 
9. What formula do you use to calculate indexing on the stan- 

dard driving head? 
10. What is differential indexing? 



Shapers 
The shaper is a metal-removing machine. The cutting tool is moved 
in a horizontal plane by a ram having a reciprocating motion, and 
it cuts only on the forward stroke. The work is usually held in a vise 
bolted to  a boxlike table that can be moved either vertically or hor- 
izontally. 

The size of a shaper is determined by the size of the largest cube 
that can be machined on it. The shaper was intended originally to  
produce only plane surfaces-angular, horizontal, or vertical- 
but it can be used t o  produce either concave or convex surfaces 
(Figure 15-1). 

Figure 15- 1 A 7-inch bench shaper. (Courtesy South Bend Lothe, inc) 

There are two types of shapers-the "crank" and the "geared" 
shapers. The crank type is the most commonly used and is made in 
either standard or universal types. The shaper is used for machining 
small parts. 
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Basic Construction 
The basic diagram of a typical shaper is shown in Figure 15-2. The 
diagram illustrates the general assembly of parts and their order. 

Base 
The base of the machine supports the column or pillar that sup- 
ports all the working parts. An accurately machined dovetail forms 
a bearing slide for the ram, and the front of the column is machined 
to provide slides (or ways) for the up-and-down movement of the 
crossrail. 

Crossrail 
The crossrail is a heavy casting attached to the base by means of gib 
plates and bolts. The top surface of the crossrail is accurately 
machined to provide a smooth surface for the saddle as it is fed back 
and forth. The crossrail contains the table elevating and traversing 
mechanisms. 

Saddle 
The saddle is gibbed to the crossrail and supports the table. If the 
table is removed, the work can be bolted or clamped to the T-slots 
in the front of the saddle. 

Table 
The table is boxlike in construction and is bolted to the saddle. 
Either the work or the swivel for holding the work can be clamped 
or bolted to T-slots in the top and sides of the table. Some tables are 
constructed to  swivel in a vertical plane on the saddle, or they can 
be tilted up and down. When a shaper is equipped with this kind of 
table, it is known as a universal shaper. The table can be moved 
horizontally by means of either a rapid traverse hand-feed or the 
automatic power feed, and it can be adjusted vertically for different 
thicknesses of work by means of the elevating screw. 

The table feed mechanism consists of the pawl and ratchet mech- 
anism, a rocker screw for regulating the amount of feed for each 
return stroke of the ram, and the cross-feed arm, which connects 
the rocker arm to the ratchet drive and lead screw. As the ratchet 
screw moves back and forth, the cross-feed arm moves with it, 
actuating the pawl and ratchet on the end of the feed screw. The 
crossrail holds the feed screw, which passes through a bronze nut in 
the back of the saddle. Any movement of the ratchet by the rocker 
screw causes the feed screw to move the table a definite distance. 

A crank fits the squared end of the cross-feed screw. The table 
can be fed just as fast as the operator desires to turn the crank, or a 
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lever that controls a high-speed power traverse mechanism can be 
used to move the table in either direction in relation to the operator. 
An eccentric slot in the bull gear provides movement for the auto- 
matic table feed. The eccentric slot makes one revolution for each 
revolution of the bull gear and transmits motion by means of a shoe 
and a series of lever arms to the rocker screw and cross-feed arm, so 
that the cross-feed arm moves backward and forward in each revo- 
lution of the bull gear. 

The automatic power feed is engaged by first feeding the work to 
the cutting tool by hand-feed. The pawl is turned to engage the teeth 
on the ratchet feed screw. Since the power feed mechanism is always 
in motion while the shaper is running, the pawl will be moved back 
and forth, driving the ratchet in one direction or the other, depend- 
ing on how the pawl contacts the ratchet. On the return stroke of 
the ram, the feed screw is moved, causing the table to be fed toward 
the cutting tool in preparation for the cutting stroke. 

Ram 
The ram is a strong and rigid casting that is actuated back and forth 
horizontally in the dovetail slide by means of the rocker arm and 
the crankpin. The ram contains a stroke-positioning mechanism 
and the downfeed mechanism. 

The toolhead slides in a dovetail at the front of the ram by means 
of T-bolts. It can swivel from 0" to 90" in a vertical plane. The tool- 
head can be raised or lowered by hand-feed for vertical cuts on the 
workpiece. 

Bull Gear 
The bull gear is mounted on the column and is driven by a pinion 
that is moved by the speed-control mechanism. A radial slide, car- 
rying a sliding block into which the crankpin fits, is anchored to the 
center of the bull gear. The position of the sliding block is con- 
trolled by a small lead screw connected to the operator's side of the 
shaper by means of bevel gears and a squared-end shaft. The loca- 
tion of the sliding block with respect to the center of the bull gear 
governs the length of stroke of the ram. The farther apart the two 
centers are located, the greater the length of stroke. 

Shaper Operations 
Several factors can affect the efficient operation of the shaper. Some 
of these factors are selection of the cutting tool, holding the work, 
adjustment of the work, adjustment of the stroke, and selection of 
proper feed and cutting speed. 

Cutting-Tool Selection 
The shank of the cutting tool should be in a plane perpendicular to 
the line of motion of the cutting tool. Therefore, the clearance angle 
should remain constant. The clearance angles on cutting tools for 
the shaper are not as large as those on cutting tools for the lathe. 
Also, the shaper requires a shorter cutting tool than the lathe, so the 
tendency to dig into the work is avoided. 

Cutting tools that are commonly used on the shaper are shown in 
Figure 15-3. All these tools are available as either straight or bent 
cutting tools. Roughing, finishing, side roughing, and side finishing 
tools are most commonly used. Special toolholders with inserted- 
blade cutting tools can be used effectively on the shaper. Various 
special cutting tools are also used to perform certain operations. For 
example, one of these special cutting tools is used for cutting T-slots. 

Figure 15-3 Cutting tools commonly used on the shaper are 
(A) right-hand roughing, (B) round nosed, (C) squared nosed, 
and (D) goosenecked. (E) and (F) are views of a right-hand 
down-cutting side tool; (H) is a left-hand side-facing tool. 

Holding the Work 
As shaper operations are concerned primarily with small work- 
pieces, the work is usually held in either a vise or a chuck. These 
holding devices are auxiliary to the table or machine. 
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Work Bolted Directly to the Table 
It is important to place the stops (T-bolts) properly. If the work 
were laid on the table without the stops to resist the thrust of the 
cutting tool on the cutting stroke, the cutting tool would "push" 
the work rather than cut it. 

Large pieces of work that cannot be held in a vise should be 
fastened to the table. In fastening the work to the table, an impor- 
tant consideration is to tighten the clamp bolts no more than is 
necessary to hold the work firmly on the table to avoid distorting 
or springing the work. Since the cutting tool does not tend to ele- 
vate the workpiece, extreme tightening of the bolts is not neces- 
sary. 

T-bolts having a head of correct size to fit the table slots are com- 
monly used. A complete bolt assembly consists of the bolt, nut, and 
washer (Figure 15-4). The bolt should have a thread of sufficient 
length for work of various thicknesses. 

EAD 

Figure 15-4 T-head bolt (left) and detail of table showingT-head 
bolt in theT-slot (center). T-head assembly consisting of bolt, 
washer, and nut is shown (right). 

Fastening with Clamps 
A complete clamping unit consisting of the bolt assembly, clamp, 
and fulcrum block is shown in Figure 15-5. In a clamping arrange- 
ment, the lever principle should always be considered. Thus, the 
work should be positioned on the table close to the table slot so 
that the bolt will be as far from the fulcrum block as possible. That 
is, the bolt should be nearer the work than the block (see Figure 
15-5). Correct and incorrect methods of clamping are shown in 
Figure 15-6. It is important that the machinist remember to place 

T-BOLT 

Figure 15-5 Clamping unit for holding workpiece. 

CORRECT 

BOLT NEAR WORKPIECE 

CLAMP SLOT 

INCORRECT 

BOLT NEAR FULCRUM 

- -  
NLCRUM BLOCK 

I J - 
Figure 15-6 Correct (top) and incorrect (bottom) methods 
of setting up a clamping unit. 
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the bolt near the work and to tighten the bolts just enough to 
anchor the work, but not enough to spring the work. 

If a number of clamps are used, turn all the bolts until the work 
is fastened lightly. Then, tighten the bolts in a staggered sequence to 
distribute the stresses brought onto the work by clamping (Figure 
15-7). It is also important to select a fulcrum block of the same 
thickness (or height) as that of the work being clamped to the table. 
This gives the clamp an even bearing on the work, and the work 
will be held more securely (Figure 15-8). 

Figure 15-7 The proper sequence for tightening clamp bolts for 
proper distribution of clamping stresses. 

TABLE 

Figure 15-8 Importance of selecting fulcrum blocks of proper 
height to hold the work securely. 

Stop Pins 
Two types of stop pins are the hole type  and the inclined slot t ype  
(Figure 15-9). A stop pin can be anchored in a hole or slot in the 
table. The screw can be forced directly against the work, or it can 
be used to force another device (such as a toe dog) against the 
work. 

INCLINED SLOT TYPE 
HOE TYPE 

CLAMP SCREW 

Figure 15-9 The hole-type (left) and the slot-type (right) stop pins. 

Stop Pins and Toe Dogs 
A toe dog is a holding device that is similar in shape to a center 
punch or cold chisel, and it is designed to be forced against the work 
by a stop pin. Stop pins are used in combination with toe dogs to 
hold thin work. The pointed and blade types of toe dogs are shown 
in Figure 15-10, and. their application is shown in Figure 15-11. 
Stop pins of either the hole type or the slot type can be inserted in 
the table on each side of the work, and the dogs can be forced 
against the work by tightening the stop-pin screws. Note that the 
end of the stop pin projects into the short bore in the end of the toe 
dog, connecting the two parts (see Figure 15-10 and Figure 15-11). 

The work is pressed against the table because of the angular 
position of the dogs. However, the angle between the screw and the 
dog should not be too great. The work should be anchored by an 
ample number of combined stop pin and toe dog units so that they 
can take the thrust and secure the work to the table. 

Stop Pins and Table Strip 
A table strip can be used in combination with stop pins to hold work 
that is thick enough to project above the strip and stop-pin screw 
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BORE FOR STOP PIN 

BLADE 

Figure 15- 10 The pointed (top) and the blade (center 
and bottom) types of toe dogs. 

Figure 15-1 1 Application of stop pins and toe dogs for holding thin 
work. 

(Figure 15-12). The table strip has a tongue on one side that fits in the 
table slot. This positions the work parallel to the travel of the cutting 
tool. A method of fastening the work by means of stop pins and table 
strip is shown in Figure 15-13. The table strip is held in the slot by 
two T-bolts. The tongue side of the strip projects downward into the 
slot. The stop pins are placed in the table holes, and the pins are 
turned firmly against the work. An adequate number of stops for tak- 
ing the thrust of the cutting tool should be provided. 

Braces for Tall Castings 
Workpieces that project some distance above the table can be 
machined with the aid of braces, which are used to hold the work 
and to take the thrust of the cutting tool (Figure 15-14). The brace 
is used to aid the clamp (lower stop) in resisting the tendency of 
the casting to move upward in a circular path. Thus, the work is 

HOLES FOR T-BOLTS 

Figure 15- I 2 Bottom view of the table strip, showing the tongue 
and the bolt holes. 

STRIP STOP PJN 

T-SLOT 

HOLE 

Figure 15-1 3 Application of a table strip and stop pins for fastening a 
workpiece. 

stop-anchored on both the upper and the lower flanges, which 
provides a rigid fastening for the workpiece. The number of braces 
required depends on the size and shape of the workpiece. This also 
applies to the number of clamps and stop pins required. 

Holding Circular Workpieces 
If a length of shafting is to be splined or key seated, it must be fas- 
tened rigidly to the table, as shown in Figure 15-15. In this setup, a 
special table strip with an inclined edge A and a wedge block are 
used to hold the workpiece. As with an ordinary table strip, the 
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CUTTING 
UPPER STOP 

THRUST 
ADJUSTABLE NUT - 

TOOL 

I ' 
I I . _J  CENTER OF ROTATION / B ~ L T  AGAINST WORKPIECE 

(AS LOWER STOP) 

Figure 15-1 4 A method of employing a brace to  hold a piece of work 
that projects above the table. 

tongue provides parallelism, and a wedge block B with a distance 
piece and a stop pin completes the setup. 

The axis C of the stop pin should be higher than the center D of 
the workpiece. If these conditions are provided, the workpiece will 
be clamped firmly to the table. If the axis of the stop pin were placed 
below the center of the workpiece, the wedge block would rotate. 

T O ~ G U E  DISTANCE P I ~ C E  OR FILLER 

Figure 15- 15 ,Setup for holding circular or  round pieces of work. 

On production work, the special holding devices, such as the 
strip and block, must be designed to provide the most efficient 
clamping of the workpiece. A stop should always be included to 
resist the thrust of the cutting tool. 

Another method of clamping a shaft uses the table slot instead of 
a strip to provide parallelism (Figure 15-16). This method can be 
used on tables having transverse slots. Here again, the number and 
kind of holding devices for a given setup are determined by the size, 
shape, and any other special characteristics of the workpiece. 

Figure 15- I 6 Setup in which L-clamps and stops are used t o  clamp a 
shaft. The table slot provides parallelism. 

Irregularly Shaped Work Bolted Indirectly t o  the Table 
Numerous fixtures can be used to set up castings having odd 
shapes for machining. Any device that can be attached or "fixed" 
to the table for holding and positioning the workpiece is consid- 
ered to be a fixture. The angle   late is a fixture. One side is bolted 
(fixed) to the table, and t h i  workpiece is bolted to the other side 
(Figure 15-17). 

Fixtures are valuable aids in ~roduction work. as the successive 
castings not only can be held in position for machining but also can 
be held in the same position, when bolted to the fixture, as the pre- 
vious ones. If the casting projects from the angle plate, provision 
can be made for supporting it on wedge blocks to prevent spring- 
ing. The wedge blocks should not be tightened enough to spring the 
casting, but they should be tightened enough to provide support. 
Springing can be prevented by checking the setup with a surface 
gauge. Note that the angle plate acts as a stop (see Figure 15-17). 
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FIXTURE 
(ANGLE PLATE) 

\ 
DIRECTION OF CUT 

4 

WEDGE~LOCKS 

Figure 15-1 7 Fixture (angle plate) used to hold an irregularly shaped 
casting. End support with clamps and wedge blocks is also required to 
prevent springing of the work. 

Work Held by a Vise 
A vise has only two jaws. One jaw is stationary and the other jaw is 
adiustable. A chuck has more than two iaws. all of which are , 
adiustable. A vise is often erroneouslv called a chuck. A machine 
vis'e is designed for attachment to a machine table and consists of a 
base, a table, and both a stationary and an adjustable jaw. 

Two general types of vises are the plain vise (single and double 
screw) and universal vise. Basic Darts of a  lain vise are illustrated 
in ~ i & e  15-18. The base of a Lachine vke is constructed with a 
tongue that fits into the table slot, and it has lugs or open holes for 
bolting to the shaper table with T-bolts. Also, the base has a circu- 
lar gauge, gaduated in degrees, to indicate any angular position. 
The base has a stationary jaw at one end and ways for movement of 
the adjustable jaw. It also carries the clamp screw. 

When fastening work in the vise, the movable jaw should be 
brought near its final position for engagement of the workpiece. 
The jaw hold-down bolts should be tightened tightly. Otherwise, 
the movable jaw and the work can tilt (Figure 15-19). 

Workpieces that project above the vise jaws ordinarily cause 
no problem in holding. A thin piece of work can be placed on 
parallel strips to project it above the vise jaws so that the jaws 
will not interfere with the cutting tool (Figure 15-20). If the 
workpiece is long and narrow, the vise should be turned so that 
the cutting tool can be used for longer strokes, rather than 
shorter strokes. 

HOLD-DOWN 

Figure 15- 18 Basic parts of a plain vise. 

WORK ASKEW 
I 

HOLD-DOWN BOLT 
NOT TIGHTENED 

T 
Figure 15- 19 Result of failure to tighten the hold-down bolts 
on the vise. 

PARAL STRIPS 

Figure 15-20 The use of parallels to elevate the workpiece 
above the vise jaws for machining. 
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Round work that is too small in diameter to be machined while 
resting on the ways of the vise can be held in horizontal alignment 
(parallel with the vise table) by means of V-blocks, as shown in 
Figure 15-21. If an irregularly shaped piece of work having a concave 
side were clamped in the vise, the jaw on the concave side would not 
be held properly, and the piece would tilt. This can be avoided by 
using a round rod to aid in holding the work (see Figure 15-22). 
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SWIVELING JAW 
WORKPIECE 

I / 

V-BLOCKS 

Figure 15-23 Application of the swiveling jaws of 
a universal vise t o  hold an angular workpiece. 

ROUND WORKPIECE 

Figure 15-2 1 The use of V-blocks to hold round stock in the vise. 

ROUND ROD 
/ 

IRREGULAR WORKPIECE 
\ 

\ \ 
A CONCAVE SIDE 

Figure 15-22 The use of a round rod as an aid in clamping irregularly 
shaped work. 

The movable jaw of a universal vise can be swiveled to hold an 
angular workpiece. A stop can be used to prevent the work from 
shifting sideways if the side of the piece has too large an angle 
(Figure 15-23). 

When the movable jaw of a vise is forced against the work, the 
jaw tends to lift upward, tilting the work as the jaw is lifted. This 
can be avoided by using a round rod. If the jaw should lift upward, 
the workpiece would remain in its original position (Figure 15-24). 

POSITION 0F.ROUND ROD 
AS JAW LIFTS UPWARD 

\ 
ROUND ROD 

Figure 15-24 Application of a round rod to prevent tilting 
of the workpiece should the vise jaw lift upward. 

Special Fixtures 
Special fixtures for a given workpiece can be designed to hold irreg- 
ularly shaped castings. The fixture must position and support the 
casting in the correct places to prevent stresses caused by uneven 
clamping, which tends to spring the work. The special fixtures 
should be constructed so that they can be attached to the work with 
a minimum loss of time. 

Workpiece Mounted Between Centers 
An attachment similar to the lathe headstock and tailstock can be 
used to  mount some kinds of work that cannot be completely 
machined on a lathe. The headstock spindle does not rotate, except 
for turning to any desired angular position as determined by an 
index head (Figure 15-25). 
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l NDEX PlATE 

CUITING TOOL 
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INDEX PIN - W O R ~  GEAR / 
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Figure 15-25 Basic diagram of a setup for mounting workpieces 
between shaper centers. 

To set up the work, the same centers that were used on the lathe 
should be used on the shaper. A tongue on the bottom of the attach- 
ment fits the table slots of the shaper; this provides parallelism and 
alignment. However, the alignment should be checked before the 
machine operations are begun. 

In the setup (see Figure 15-25), the headstock spindle can be 
rotated by turning the handle of the worm gear. The index plate can 
be locked in any position by engaging the index pin with the corre- 
sponding hole in the circumference of the index plate. 

For example, a set of five index plates can have 44, 52, 56, 90, 
and 96 holes. The index plate that is used must have a number of 
holes that is evenly divisible by the required number of angular 
positions that are necessary to machine the piece. For instance, the 
section B (see Figure 15-25) has been turned in the lathe, and the 
section C requires six sides that are to be machined in the shaper. 

After selecting the index plate with 90 holes (15 x 6 = 90), set 
the index plate so that the index pin engages the "zero" hole in the 
plate, and machine one side of the work to the finished dimension. 
The angular setting for the second side can be obtained by disen- 
gaging the index pin, turning the worm gear handle to rotate the 
index plate 15 holes, and engaging the index pin in the hole. 

Adjusting the Work 
After the workpiece has been mounted and aligned on the shaper 
table, the ram should be moved outward until the tool post is over 

w 
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the work. The tool should be placed in the tool post with as little 
overhang as possible. The table should be elevated until the work- 
piece clears the ram by a distance of about one inch. The tool slide 
should project only a short distance below the bottom of the shaper 
head (that is, the overhang of the slide should be not more than 11/2 

inches). If more overhang is necessary, the cutting tool, rather than 
the slide, should be set for the extra overhang. 

The cutting tool should be clamped firmly, making certain that it 
clears the work. The machine can then be started to note the posi- 
tion and length of stroke. 

Stroke Adjustment 
The ram should be adjusted to provide the proper length of stroke 
and to provide the proper position of travel over the workpiece. 
The stroke adjustment screw (see Figure 15-2) can be turned to pro- 
duce either a shorter or a longer stroke. A handle is provided on 
most machines for the square head of the adjusting screw. Unless 
the oDerator is familiar with the machine, trial and error can deter- 
mine the direction of turning the stroke adjustment screw for either 
a longer or a shorter stroke. The stroke should be long enough for 
the cutting tool to clear the work by not less than '/4 inch on the 
forward or cutting stroke. It should clear by l/z inch behind the 
workpiece on the return stroke. This is so that the automatic feed 
can function before the cutting tool contacts the work for the 
forward stroke (Figure 15-26). The automatic feed should function 
at the end of the return stroke, rather than at the end of the forward 
or cutting stroke. 

If, after proper length of stroke has been obtained, the travel of 
the cutting tool is not positioned correctly over the work, the posi- 
tion of the ram should be changed. The ram clamp should be loos- 
ened and the ram positioning adjustment turned until the cutting 
tool clears the work by a distance of l/4 inch beyond the workpiece 
on the forward stroke and '/2 inch behind the workpiece on the 

Figure 15-26 Front and back 
114" 112' positions of the ram in relation to 

LENGTH OF STROKE the workpiece. 
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return stroke (see Figure 15-26). Then, the ram clamp should be 
tightened. The operator should remember to adjust the length of 
stroke before adjusting the position of travel over the workpiece. 

Head Adjustment 
Movement of the cutting tool and the tool slide is controlled by the 
vertical feed handle at the top of the head. The handle is attached to 

the downfeed screw inside the slide. A microme- 
ter dial graduated in thousandths of an inch can 
be used to make accurate adjustments of the slide 
and cutting tool. Backlash or lost motion 
between the threads of the downfeed screw and 
the nut must be removed before the dial can be 
set accurately. 

The toolhead should be positioned at an angle 
in shaping a dovetail and in certain other setups. 
The operator should be careful not to run the 
ram back into the column while the slide is set at 

~i~~~~ 15-27 an extreme angle, as the slide will strike the col- 
-rum the t~~ of umn when the ram moves back on the return 
the clapper box stroke. 
away from the The clapper box should be set so that the top 
cutting edge of is slanted slightly away from the cutting edge of 
the tool to the tool (Figure 15-27). Then, the tool can swing 
permi t  the  tool away from the work on the return stroke of the 
to away ram, thus protecting the cutting edge of the tool. 
from the woik 
on the return Taking the Cuts 
stroke. The operator should decide on the number of 

cuts necessary, depending on the amount of metal 
to be removed. Usually, one or two roughing cuts and one or two 
finishing cuts are required, depending on the nature of the work 
and the finish desired. 

The ram should be positioned over the work and the cutting tool 
adjusted by the vertical feed handle so that it almost touches the 
work. By means of the hand cross-feed screw, move the table to the 
right or left (according to the cutting tool in use) until the work- 
piece is in position for beginning the cut; the tool should be far 
enough from the work that one or two strokes can be made before 
the tool begins to cut metal. 

Then, set the cutting tool to the proper depth for the first cut by 
means of the vertical feed handle. The first cut should be deep 
enough to barely remove the scale, thus truing the surface and 

enabling the operator to check the setting of the cutting, too. Then, 
the necessary roughing and finishing cuts can be taken on the work- 
piece. 

Selecting the Proper Feed 
In shaping, the feed is the distance the work is moved toward the 
cutting tool for each forward or cutting stroke of the ram. Either 
the hand-feed or the automatic feeding mechanism can be used. In 
setting the automatic feed, the amount of feed will depend on the 
kind of metal being cut. The time required to complete the work 
with a given finish is determined by the amount of feed. Both the 
kind of metal and the type of job must be considered in selecting 
the feed. 

If a softer metal is used, a heavier feed can be used (0.030 to 
0.060 inch). A finer feed must be used on harder and tougher met- 
als (0.005 to 0.015 inch). A feed of 0.062 (9'16) inch can be used on 
cast iron. 

Of course, the capacity of the shaper must be considered. 
Heavier feeds can be used on a large heavy-duty machine than on a 
small and lightly constructed shaper. 

Selecting the Proper Cutting Speed 
The speed of the shaper is the number of cutting strokes made by 
the ram during one minute of operation. This is governed by the 
speed of the bull gear. The number of strokes made by the ram in 
one minute remains constant for a given speed of the bull gear 
whether the stroke is long or short. The cutting speed is changed by 
changing the rate and amount of rocker-arm movement. 

The speed of the cutting tool is the average rate of speed attained 
when the shaper has been adjusted to make a given number of cut- 
ting and return strokes of a given length in one minute. The rate of 
speed, then, is determined by the time or fractional part of a minute 
required for the cutting stroke and the distance or total length in 
feet of the cutting stroke. 

Cutting speed is determined by the total distance that the tool 
travels during the cutting strokes made in one minute, and the ratio 
of cutting-stroke time to return-stroke time. In most shapers, about 
11/2 times as much time is required for the cutting stroke as for the 
return stroke, giving a ratio of 3:2. Thus, the cutting stroke requires 
3/5 of the time for the cycle (a con~plete cycle consists of one cutting 
stroke and one return stroke). 

If the length of stroke in inches and the number of strokes per 
minute are given, their product will give the number of inches of 
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metal cut during one minute of operation. As cutting speed is 
expressed in feet per minute, it must be multiplied by 12. 

Divide the distance (in feet) by 3/s, as the tool cuts during 3/5 of 
the cycle (distance divided by time equals rate). To shorten the cal- 
culation, use the following formula: 

Cutting speed = 0.14 x N x L 
in which N = strokes per minute, and 
L = length of stroke 

For example, say you want to find the cutting speed of the tool 
when the shaper makes 60 strokes per minute and the cutting 
stroke is 10 inches long. 

Cutting speed = 0.14 x N x L 
= 0.14 X 60 X 10 
= 84 feet per minute 

To determine the number of strokes per minute at which the shaper 
should be run, with the cutting speed of a metal given in a table, use 
the following formula: 

cutting speed 
Strokes per minute = 

0.14 x length stroke 

Example 
As another example, find the number of strokes per minute at 
which the shaper should be run to machine a piece of copper having 
a cutting speed of 80 ft per minute (from table) and with the stroke 
adjusted to 6 inches. 

cutting speed 
Strokes per minute = 

0.14 X length of stroke 

- - 
80 

- 
80 --  

0.14 X 6 inches 0.84 

= 95.238 strokes per minute 

In most instances, the shaper is operated at a speed that is too slow. 
Therefore, the beginner should determine the speed at which the 
shaper should be operated and work as near the speed as possible. 
Cutting speeds for shaping the common materials are provided in 
Table 15-1. The length of stroke can be obtained from the machine. 

Table 1 5- 1 Shaper Cutting Speeds 

Cutting Speed (filmin.) Lubricant 

Materials H.S. Tools C.S. Tools Roughing Finishing 

Aluminum 125 5 0 Dry Kerosene 
Brass Highest 35 Dry Dry 

possible 
Cast iron 3 5  20 Dry Soda 

(hard) water 
Cast iron 60 3 0 Dry Dry 
(soft & medium) 

Copper 80 40 Dry Dry 
Steel (hard) 35 15 Cutting Lard oil 

compound 

Steel (soft) Highest 35 Cutting Soda 
possible Compound water 

Summary 
The shaper is a metal-removing machine with cutting tools that 
move in a horizontal plane in a reciprocating motion. The size of a 
shaper is generally determined by the size of the largest cube that 
can be machined on it. 

There are two types of shapers-the crank and the geared type. 
The crank type is the most commonly used and is made in either a 
standard or universal type. The shaper was intended originally to pro- 
duce only plane surfaces (such as angular, horizontal, or vertical), but 
it can be used to produce either concave or convex surfaces as well. 

Basic parts of the shaper are base, crossrail, saddle, table, ram, 
and bull gear. The base naturally supports the machine and all 
working parts. The crossrail contains the table elevating and 
traversing mechanism and is attached to the base by means of gib 
plates and bolts. 

Many factors can affect the efficiency of operation of the shaper. 
Some of these factors are selection of the cutting tool, holding the 
work, adjustment of the work, adjustment of the stroke, and the 
selection of the proper feed and cutting speed. 

Cutting tools commonly used on the shaper are right-hand 
roughing round nosed, squared nosed, and gooseneck. There is 
also the right-hand down-cutting tool and the left-hand side-facing 
tool. One of the special cutting tools used on shapers is for cutting 
T-slots. 
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Review Questions 
I. Name the two types of shapers. 
2. Of the two types of shapers, which is more commonly used? 
3. What is the basic operation of the shaper? 
4. What are the basic parts of the shaper? 
5. What is the purpose of the crossrail? 
6. What is a bull gear? 
7. What is a ram? 
8. Name five of the tools most commonly used on the shaper. 
9. The operator should remember to adjust the length of the 

stroke before adjusting the of travel over the work- 
piece. 

10. The speed of the shaper is the number of cutting 
made by the ram during one minute of operation. 



Planers 
The planer is a machine tool used to machine flat or plane surfaces 
on work that is fastened to a reciprocating table. The surfaces can 
be horizontal, vertical, or angular. The planer can also be used to 
form irregular or curved surfaces. 

The planer differs from the shaper in that the worktable moves 
back and forth with a reciprocating motion while the cutting tool is 
held stationary, except for transverse movement. The planer is used 
for the same purpose as the shaper, but it can handle much larger 
work, and heavier cuts can be taken. The planer is used on work 
that is too large or otherwise impossible to  machine on a shaper. 
Some typical examples of planer work are machine bases, machine 
covers, and column supports. 

Types of Planers 
One of the more common types of planers is the double-column 
planer. Two columns support the crossrail and house the elevating 
screws and controls for the machine. 

The open-side planer has only one column or housing to support 
the crossrail and toolheads. One advantage of this type of planer is 
that workpieces of irregular shape can be handled with the work- 
piece extending outward over the side of the table. The working 
parts are essentially the same as on the double-column planer. 

The rated size or capacity of a planer as given by the manufac- 
turer refers to  the width, height, and length of the largest workpiece 
that can be machined. For example, a "24 x 24 X 48 planer" indi- 
cates that the planer can machine a piece of work 24 inches wide, 
24 inches high, and 48 inches in length. 

Basic Construction 
The most important parts of a planer are the bed, columns, cross- 
rail, table, toolhead, and table drive (Figure 16-1 and Figure 16-2). 
The working parts are essentially the same on both double-column 
and open-side planers. 

Bed 
The bed is an extremely heavy, rigid casting. The table slides in 
accurately finished ways on the bed. The bed also supports the 
columns and all moving parts of the machine. 
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CROSSRAIL BEVEL GEARS 

GG s 

Figure 16-2 Diagram of the front view of a typical two-column 
planer, showing the basic parts. 

Columns 
On a double-column planer, two columns rise vertically at the sides 
of the machine. They support the crossrail and house the elevating 
screws and controls for the machine. The open-side planer has only 
one column. 

Crossrail 
The crossrail carries the saddle and toolhead. It is a rigid casting 
and provides guides for transverse travel of the saddle. The cross- 
rail also contains the feed rod and screw for controlling the move- 
ment of the cutting tool. 
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Vertical screws located in each of the columns provide a means of 
support and a means of adjusting the crossrail vertically. It is of 
utmost importance that the crossrail, when clamped, be parallel to 
the table, because the accuracy of the surfaces produced is dependent 
on the accuracy at which the cutting tool is moved (Figure 16-3). 
This parallelism can be determined by placing an indicator in the tool 
post with the point of the indicator touching the table. Then, move 
the toolhead crosswise of the machine, observing at the same time 
any variation of the indicator needle. 

\CROSSRAIL AND TABLE NOT PARAU 

Figure 16-3 Diagram showing the lack of parallelism of the crossrail 
and table. 

Table 
The planer table is a precision-machined plate that travels on ways of 
the bed. It presents a broad surface for mounting the workpiece. The 
table is provided with T-slots for bolting workpieces and accurately 
reamed holes for locating stops. Both T-slots and holes should be 
kept free from nicks and burrs. The shanks of the stops should never 
be forced into the holes by driving them with a hammer; this action 
upsets the surface of the table and destroys its accuracy. 

Tool head 
The toolhead of a planer is similar to that of a shaper both in con- 
struction and in operation. A feed screw is provided to move the 
toolhead with respect to the work. The toolhead can be swiveled 
for taking angular cuts, and it can be set over in either direction to 
provide tool clearance when taking vertical or angular cuts on the 
planer. 

Table Drive 
The table drive of a planer can be obtained by one of three methods: 

Rack and spur gears 
Spiral rack and worm 
Crank 

Figure 16-4 shows a basic diagram illustrating the rack-and-spur- 
gear method with belt-pulley drive. 

OPEN BELT 
\ 

CROSSED BELT 

t I 
I I D R l M  P IN ION 

BULL GEAR 1ST INTERMEDIATE 

m D  INTERMEDIATE 

Figure 16-4 Diagram of rack-and-spur-gear table drive mechanism. 

When the drive mechanism is made up entirely of gears, a large 
gear known as a bull gear is connected to a rack on the bottom side 
of the table and to an electric motor by a series of gears. The quick 
return of the planer table is accomplished by adjustable stops on 
the side of the table, which, at the end of each cutting stroke, come 
in contact with a lever that engages a high-speed gear in the driving 
train of gears. 

In the belt-driven type of planer, two belts, one open and one 
crossed, operate on loose and fixed pulleys. The table travel stops 
come in contact with a shifter lever at the end of each stroke. As it 
makes contact at the end of the cutting stroke, the lever throws the 
belt off the fixed pulley onto the loose pulley. At the same time, it 
throws the crossed belt from a loose pulley to a fixed pulley. 
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Because the crossed belt is running faster than the open belt, the table 
moves faster on the return stroke. The operator can shift the lever 
by hand to run the belts on loose pulleys, thus stopping the move- 
ment of the table without stopping the whole machine. The lever 
can be locked in neutral position to prevent accidental starting of 
the machine. 

The open- and crossed-belt drive mechanism permits operation 
of the gear train in such a manner that the table will travel slowly 
on the cutting stroke, reverse, and travel faster on the return stroke. 
Four pulleys (two larger pulleys and two smaller pulleys) are 
required (Figure 16-5). One of the larger pulleys and one of the 
smaller pulleys are keyed to the drive pinion shaft and are called 
tight pulleys to distinguish them from the other two pulleys, which 
turn freely on the shaft and are called loose pulleys. 

LL '- B U U  GEAR 

2ND INTERMEDIATE 

l S T  INTERMEDIATE 

Figure 16-5 Basic diagram o f  open- and crossed-belt 
drive of a planer table drive mechanism. 

The larger tight pulley is used for the slower forward speed (or 
cutting-stroke drive), and the smaller tight pulley is used for the 
quicker return stroke. Both belts are driven by wide-faced pulleys 
of the same diameter placed on the countershaft. The open belt on 
the larger tight pulley drives the machine at a slower speed than the 
crossed belt on the smaller tight pulley. In actual operation, both 
belts run continually and can be shifted back and forth by the belt 
shifter, which is linked to the reverse lever. 

Planer Tools 
Cutting tools used on the planer are similar to those used on the 
lathe (Figure 16-6). However, the planer is used to machine flat sur- 
faces, while circular surfaces are machined in lathe operations. The 
chief difference in cutting principles is that the cutting tool on a 
lathe tends to spring away from the work when it is set at exact cen- 
ter height, but the cutting tool on a planer tends to dig into the work 
if its cutting edge is set in advance of the plane of support (Figure 
16-7). This can be avoided if the tool is forged so that the cutting 
edge is behind the plane of support. The characteristics of the work- 
piece determine the number and variety of cutting tools required. 

Figure 16-6 Kinds o f  cutting tools commonly used on planers. 
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TOOL 

Figure 16-7 The reason for 
placing the cutting edge of the 
planer tool behind the plane 
of support is to prevent 
"digging in" of the tool. 

PLAN 

4 k C U T T l N G  EDGE BEHIND 

EDGE I N  ADVANCE 

Planing Operations 
A variety of clamps are available for holding the workpiece on the 
planer table. Clamping involves the use of such items as bolts, 
studs, washers, shims, nuts, step blocks, toe dogs, stops, strap 
clamps, and C-clamps. 

Planing Horizontal Surfaces 
A typical example of work that can be machined horizontally is the 
flanged cast-iron cover (Figure 16-8). This kind of casting is not 
difficult to clamp to the table. Mount the cast-iron cover with its 
flanged side downward on the planer table, adjust the crossrail to 
the correct height, and set up the clamp screws. 

The roughing tool should be placed in the toolholder with the 
cutting tool perpendicular to the work. The tool should be placed 
against the two clamping bolts on the side so that lateral thrust can- 
not cause the tool to  shift. Tighten the cutting tool bolts so that the 
clamps are parallel with the clapper-not tilted. 

Position and set the stroke for machining surface A (see Figure 
16-8). The depth of the roughing cut depends on the amount of 
metal to be removed. A deep cut cannot be taken on hard metals 
because the metal will break and leave a ragged edge at the end 
of the stroke. Check for this condition at the end of the first stroke. 
If the metal tears, set the tool for a lighter cut and take two roughing 

CROSS SECTION 

Figure 16-8 Diagram (left) and sectional view (right) of a flanged cover 
as a typical workpiece for showing the planing of horizontal surfaces. 

cuts if necessary. Machine until the cutting tool reaches the inside 
edge of surface A. 

Position and set the stroke to machine surface D to the inside edge 
of surface B. Similarly, after machining surface D, reset and position 
the stroke for surface B. Resetting can be avoided on small work- 
pieces by planing the entire surface at one setting of the cutting tool. 

The metal should be roughed until about 0.015 inch of metal is 
left for finishing. Prepare the work for finishing by breaking thc 
front edge of the surface (the edge at which the tool begins to cut) 
with a coarse double-cut file. This is done to keep the scale on the 
outside surface of the casting from destroying the fine cutting edge 
of the finishing tool. 

In taking the finishing cut, extreme care should be taken to finish 
to the dimension of the blueprint. Remember that if the first cut 
does not remove enough metal, another light cut can be taken. If 
the first cut removes too much metal, the work can be ruined. 

When the casting is turned over to  machine the second side, the 
casting is automatically leveled, because the machined surface will be 
in contact with the table surface. Therefore, the two sides should 
be parallel after both sides have been machined. Of course, differ- 
ent clamping methods are necessary to hold the work for machin- 
ing the second side. 

Thin castings should be rough-planed on all sides first and then 
finished. Certain conflicting stresses are set up in the piece when it 
is cast, because the outer surface becomes chilled first. This places a 
stress on the scale, or skin, of the casting. Removal of this scale 
allows the metal to  adjust itself to these internal stresses, and the 
surface will not be true when it is planed. 
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Planing at an Angle 
Planing must be performed at a given angle for dovetails, V-shaped 
grooves, and so on. The toolhead assembly must be pivoted with 
respect to the saddle so that it can swing around a center axis. 

Graduations on the circular part indicate the angular settings in 
degrees. However, it cannot be assumed that the correct angle is 
indicated when the head is set at a given angle on the scale (espe- 
cially on old and worn planers) because more or less lost motion 
can be present. Therefore, after setting by scale, the setting should 
be checked as shown in Figure 16-9. 

DIAL 
INDICATOR 

PROTRACTOR 

m 
I ~ I  I' 

TABLE 

Figure 16-9 A method of using a protractor and dial indicator t o  
check the angular setting of the slide head. 

Mount a dial indicator in the toolholder, clamp a protractor to 
the table, and set the head at the desired angle (see Figure 16-9). 
Adjust the head until the dial indicator contacts the protractor 
(position A). Feed downward until the indicator reaches position B, 
and note the reading. If the two readings are the same, the setting is 
correct. 

The planer table V-block (Figure 16-10) can be used as an exam- 
ple for planing at an angle. As shown in the end view, the sides of 
the V-block are at 45" from the vertical axis. Set the toolhead at 45" 
on the scale, as shown in Figure 16-1 1. Clamp the head in position 
by tightening the bolt A. Set the tool block at an angle less than 45", 
and clamp in position by tightening the bolt B. The tool block is set 
at less than 4.5" to prevent the cutting tool from dragging over the 
planed surface on the return stroke (Figure 16-12). By setting the 
tool block in the angular position, the cutting edge of the tool 
swings forward in the plane YY at right angles to the tool swing 
axis XX from the work, The angular position of the cutting tool 
does not affect the direction of tool travel. 

u 
PLAN END VIEW 

Figure 16- 10 Diagram (left) of  a planer tablev-block wi th the end 
view (right) as an illustration o f  planing at an angle. 

The saddle should be moved into position for the first roughing 
cut (see Figure 16-1 1) on the V-block (it is assumed that the bottom 
side, with its tongue, has been machined). The first cut should be 
taken at the top. Start the cut with the hand-feed, moving down- 
ward. Then, engage the slide-feed, causing the slide and tool to feed 
downward for each stroke-the saddle remaining in the same posi- 
tion on the crossrail. 

After completing the roughing and finishing cuts on one side, do 
not change the angular setting of the slide for the outer side of the 
vee. Reverse the V-block (that is, turn it 180") in the table slot, and 
machine the other side of the vee. This is done because it is impos- 
sible to reset the slide to exactly the same angle. Moreover, revers- 
ing the work not only ensures machining at the same angle but also 
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Figure 16-1 1 Setting the slide head and tool block for planing the 
V-block. 

SLIDE A X l S  
VERTICAL 

X 
\ 

TOOL BLOCK AX1 S 
INCLINED 

TOOL SWING A X l S  

Figure 16-1 2 Diagram showing the reason for turning the 
top of the tool block "away from" the surface to  be planed 
when planing either vertical or inclined surfaces. 
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ensures that the vee will be in alignment with the center axis of the 
tongue. 

Planing Curved Surfaces 
A fixture consisting of a radius arm pivoted on a bracket can be 
used to  plane a concave surface (Figure 16-13). The feed screw of 
the slide is removed, and the slide is fastened to the radius arm. 

BRACKET RADIUS ARM 
\ I 

<T .?,-- y J D  
TRANSVERSE PATH OF TOOL 

Figure 16-1 3 Diagram of a fixture that can be used 
to plane a circular surface. 

In planing, the cross-feed causes the saddle to traverse the cross- 
rail as the tool, which is guided by the radius arm, planes a curved 
surface. The height of the cutting edge of the tool, as the saddle tra- 
verses the crossrail, is determined by the angular position of the 
radius arm (positions A and B in Figure 16-13). The locus of all 
these positions is indicated by the arc. 

Planing a Helix (Work on Centers) 
A helix that has a long pitch cannot be cut on some milling machines, 
but it can be produced on a planer by mounting the work between 
planer centers and using the fixture, as shown in Figure 16-14. The 
fixture consists of a weighted clamp bar and an inclined bar. 
The upper end A of the inclined bar is attached to the housing, and the 
lower end B of the inclined bar is attached to the planer bed. 

The pitch of the helix depends on the inclination of the bar. The 
cutting tool is formed to produce the desired helical groove. As the 
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Figure 16- 14 Diagram of a fixture that can be used to cut a helix. 

table moves with the clamp bar near the lower end of the inclined 
bar, the clamp bar (being guided as to angular position) gradually 
rises as the work turns clockwise through a small arc. Thus, the cut- 
ting tool is caused to cut a helix, as shown in Figure 16-14. 

Summary 
The planer is a machine that is used on flat or plane surfaces that 
are fastened to a reciprocating table. The planer differs from the 
shaper in that the worktable moves back and forth with a recipro- 
cating motion, while the cutting tool is held stationary. The planer 
is used for the same purpose as the shaper, except the planer can 
handle much larger work and heavier cuts can be taken. The planer 
is used on work that is too large or otherwise impossible to 
machine on a shaper. 

The most common type of planer is the double-column machine. 
These columns support the crossrail and house the elevating screws 
and controls. Another type of planer is the open-side planer, which 
has only one column or housing to support the crossrail and tool- 
head. One advantage of this type of planer is that workpieces of 
irregular shape can be handled with the workpiece extending out- 
ward over the side of the table. 

Cutting tools used on the planer are similar to those used on the 
lathe. The chief difference in the cutting principle is that the cutting 
tool on a lathe tends to spring away from the work, while it tends 

to dig into the work on a planer. The planer is used to machine flat 
surfaces, while the lathe machines cylindrical surfaces. 

The most important parts of a planer are the bed, columns, 
crossrail, table, toolhead, and table drive. The working parts are 
essentially the same on both double-column and open-side planers. 

The planer table is a precision-machined plate that travels on 
ways of the bed. It presents a broad surface for mounting the work- 
piece. 

A variety of clamps are available for holding the workpiece on 
the planer table. Clamping involves the use of such items as bolts, 
studs, washers, shims, nuts, step blocks, toe dogs, stops, strap 
clamps, and C-clamps. A helix that has a long pitch cannot be cut 
on some milling machines, but it can be produced on a planer by 
mounting the work between planer centers and using a fixture that 
consists of a weighted clamp bar and an inclined bar. 

Review Questions 

I. What is the most common type of planer used? 

2. What are the basic operation differences between the planer 
and the shaper? 

3. What are the two types of planers manufactured? 

4. What is the advantage of the planer over the shaper? 
5. What is the purpose of the crossrail? 

6. Describe the table on the planer. 
7. What is a toolhead similar to? 
8.  Name three methods of driving the planer table. 

9. Cutting tools on the planer are similar to those used on the 

10. A fixture consisting of a radius arm pivoted on a bracket can 
be used to plane a surface. 



A slotter (or slotting machine) is, in many respects, a heavy-duty 
vertical shaper. The chief difference between the slotter and the 
shaper is that the ram moves in a vertical direction on the slotter. 

The slotter can be used for a variety of work other than slot- 
ting. Although its original purpose has been changed, the 
machine is still referred to  as a slotter. In addition to  slotting 
work, several other kinds of workpieces can be machined more 
advantageously by a tool that cuts in a vertical direction. Regular 
and irregular surfaces (both internal and external) can be 
machined on the slotter, and it is especially adaptable for handling 
large and heavy pieces of work that cannot be handled easily on 
other machines. 

Basic Construction 
A diagram of a typical crank-driven slotter is shown in Figure 17-1. 
The ram carries the cutting tool and has a reciprocating motion. It 
is similar to the ram of a shaper, but it is more massive and moves 
vertically, or at right angles to the table, instead of having the hori- 
zontal motion of a shaper. A connecting rod links the crank with 
the ram and changes the rotary motion of the crank to reciprocat- 
ing motion, which causes the ram to move up and down. A stroke- 
adjusting screw can be turned to move the crank either toward or 
away from the crank disk center, which either shortens or lengthens 
the stroke of the ram. 

The table of a slotter can be moved either transversely or longi- 
tudinally, or it can be rotated about its center. The hand-feed mech- 
anism consists of three screw rods, operated by a crank handle, 
which can be attached to the squared ends of the feed rods. The 
positions for the crank handle are indicated by the letters A, B, and 
C in Figure 17-1, and they are for operating the transverse, longitu- 
dinal, and circular feeds, respectively. 

The power-feed mechanism is, of course, more complicated 
than the hand-feed mechanism. It consists of a reciprocating oscil- 
lating unit and a transmission gearing unit. The feed mechanisms 
of various machines differ in detail from the basic diagram (see 
Figure 17-I) ,  but the basic principles of operation are similar for 
all machines. 
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STROKE ADJUSTING SCREW 

CRANK DISK 

RAM GU I DES 

RAM (ON LOWER DEAD CENTER) 

T W L - 2  l,J 

I ' \ TABU / I I 

PARALELS 

Figure 17-2 Proper clearances for  a cutting tool, wo rk  and table. 

HELICAL GEARS ' I  Yh 
INTERMEDIATE GEARS 

SPLINED SHAFT 

Figure 17- 1 Diagram of the basic parts layout of a crank-driven slotter. 

Slotter Operations 
Workpieces that are to be machined on the bottom side cannot be 
mounted directly on the table surface but should be mounted on 
parallel strips to give clearance for the cutting tool (Figure 17-2). 
The height A of the parallel should be a large enough distance to 
provide work clearance. Since workpieces that are to be machined 
on the bottom side cannot be mounted directly on the table surface 

they should be mounted on B,  and there should be ample table 
clearance C for the cutting tool at the end of its cutting stroke. A 
broken cutting tool and serious damage to the machine can result 
from insufficient table clearance. 

Clamping the Work 
The same clamping methods used for shapers and planers can be 
used on slotters. Although the ram has a vertical stroke instead of a 
horizontal stroke (as in the shaper and planer), the cutting stroke of 
the tool exerts a side pressure on the workpiece. This can be counter- 
acted by proper placement of stops to prevent any possibility of the 
movement of the work. Circular workpieces should be centered with 
respect to the center of the table. 

Adjusting Stroke Position and Length of Stroke 
Place the workpiece on parallels in its approximate position to 
barely clear the cutting edge of the tool. Before placing the cutting 
tool in the ram head, place the ram on bottom dead center. Then, 
adjust the cutting tool to travel l/4 inch below the bottom side of the 
work. The tool should travel above the topside of the work an 
ample distance for the power feed to operate before the cutting tool 
begins the next cut. 

On some machines, the stroke-adjusting screw is inconveniently 
reached when the crank is "on center." If this occurs, the crank disc 
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can be given a quarter-turn so that the adjusting screw can be 
turned. The stroke can then be estimated "by eye" and readjusted 
until a stroke of proper length is obtained. A stroke indicator with 
a graduated scale is available on some machines so that a stroke of 
proper length can be obtained with one setting, thus avoiding the 
trial-and-error method. 

Alignment of the Work 
After the work to be machined has been carefully laid out with clear 
and distinct scriber lines, place a scriber in the ram head so that its 
point barely clears the work. Adjust the table position with the trans- 
verse hand-feed (A in Figure 17-1) so that the scriber is opposite one 
end of the line scribed on the work. Then, bring the scriber line 
directly below the scriber tool by turning the longitudinal hand-feed B. 

Check the setting of the work with the transverse hand-feed. As 
the work moves, the scribed line on the work should follow the 
scriber mounted in the ram head if the work has been aligned prop- 
erly. Otherwise, adjustment of the circular position is necessary. To 
adjust the circular position of the table, turn the circular feed rod 
handle C, and check as before. Repeat angular adjustment until the 
work is properly aligned transversely, 

Straight, or Flat, Slotter Work 
A rectangular open-box-like piece of work can be used to illustrate 
straight (or flat) machining on the slotter (Figure 17-3). The four 
sides of the box are to be machined externally to the scribed lines. 

Figure 17-3 Front view (left) and side view (right) of an open-box- 
like casting used t o  illustrate machining on the slotter. Note the scribed 
layout lines for indicating finishing limits. 

Select parallels, place the work on the parallels, and clamp 
securely to the table. If the stroke position and length are adjusted 
properly, the cutting tool should be in the position shown in Figure 
17-4 when the ram is on bottom dead center. 

The cut should be started at one end for the side AB (see Figure 
17-4) and the entire side machined by vertical downward strokes 
combined with the transverse feed. Similarly, the opposite side DC 
should be machined without disturbing the mounting of the work- 
piece on the table by raising the ram position to top dead center and 
turning the cutting tool 180". That is, the cutting tool should be in 
position 1 for machining AB and in position 2 for machining the 
opposite side DC (see Figure 17-4). To machine the second side, 
the tool can be brought into position by means of the longitudinal 
feed screw and fed by the transverse feed. 

R A M  ON LOWER DEAD CENTER I / 

L p \ / ~ i !  PARALLELS CLLARANCE 

Figure 17-4 Setup for machining the open-box-like casting.The dotted 
lines (tool position 2) indicate the position of the cutting tool after reversal. 

For the other two sides (BC and AD), turn the table 90" by means 
of the circular feed rod (C in Figure 17-I), and proceed to machine the 
sides as before. On some slotters, the ram head (which carries the cut- 
ting tool) can be swiveled to any angular position. Four graduations 
are provided (90' apart). Thus, all four sides of the work can be 
machined by swiveling the tool, making it unnecessary to reverse the 
cutting tool or to change the angular setting of the table. For precision 
machining, the scribed lines merely serve as a guide. The final finish- 
ing cut should be made to precise caliper measurements. 
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Circular Slotter Work 
The slotter is well suited for machining cylindrical surfaces (Figure 
17-5). The work must be properly aligned (that is, centered with 
the center of the table). In other words, the work must be posi- 
tioned on the table so that the axis of the cylindrical surface to be 
machined coincides with the axis of rotation of the table. The cir- 
cular feed screw (C in Figure 17-1) rotates the table to produce a 
small arc after each cutting stroke of the tool. 

Figure 17-5 Front view (left) and top view (right) o f  a flanged casting 
that is typical of circular slotter work. 

The center hole of the table is used as a guide for centering small 
workpieces. Some machines have concentric circles cut in the table 
for centering large workpieces. Figure 17-6 shows the setup for 
machining a simple flanged cylinder (see Figure 17-5). 

The workpiece should be centered (with precision) concentric to 
the center of the table. If the table does not have a center hole, a ten- 
ter hole should be bored, and a center fitting should be machined to 
fit the hole (Figure 17-7). A center fitting should be included as an 
accessory for all slotters. The fitting should be machined accurately 
and stored with the same care that should be given calipers and 
other delicate measuring equipment. 

To center the workpiece, clamp a scriber in the ram head, so that 
its point will barely clear the top of the center fitting. Shift the posi- 
tion of the table by means of the transverse and longitudinal feeds 
until the point of the scriber is directly over the center of the fitting. 
After centering the scriber tool, do not change the longitudinal set- 
ting of the table. 

Raise the ram to upper center to place the scriber out of the way. 
Place the workpiece on parallels on the table in an approximate 

CENTER WORK TO 

CLEARANCES 

CIRCUUR F E D  ROD 

Figure 17-6 Setup for machining the flanged cylindrical casting. 
No te  the table axis on which the work  should be centered. 

CENTERING FIXTURE PIACED 
I N  TABLE 

CENTER1 NG 
FIXTURE 

I J 
Figure 17-7 Diagram of  a centering fixture (left), and its application as 
a table accessory (right) for the slotter. 

concentric position "by eye," and true up with hermaphrodite 
calipers (Figure 17-8). Set the calipers to one-half the bore diameter, 
making allowance for thickness of the metal to be removed. 

In truing up with the hermaphrodite calipers, caliper two radii 
on the same diameter, shifting the work along this diameter until 
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HERIIPHRODITE CALIPERS \ (&, / 
SCRIBED LAYOUT 

/ I / -TABLE AXIS 

CENTERING 
FIXTURE 

Figure 17-8 An application of the centering fixture and the 
hermaphrodite calipers for centering circular work. Note the 
scribed layout circle that can be used as a reference guide 
for the final centering check. 

the ram until the point of the scriber previously clamped in the ram 
head is directly over and barely clears the point (A in Figure 17-8) 
on the scribed layout circle. 

Remove the scriber, and clamp the roughing tool in position (see 
Figure 17-2). Raise the arm to bring the cutting tool slightly above 
the top surface of the work. Shift the table with the transverse feed to 
bring the tool to proper axial position (A in Figure 17-9). Clamp the 
carriage to the saddle to prevent any transverse movement, and start 
the machine. 

After two or three strokes of the cutting tool, check to make cer- 
tain that the stroke and cutting tool are adjusted properly. Then, 
feed the cutting tool into the work to the proper depth for a rough- 
ing cut by means of the longitudinal feed, and lock the saddle to 
prevent any change in the setting of the longitudinal feed. Using the 

C centered. Repeat on a diameter at 90" (located by eye). Clamp the 
work lightly, remembering not to change the longitudinal setting of I I 
the table. Move the table over with the transverse feed, and lower t 

I 

LONGITUDINAL AXIS 

I 
CORRECT I NCO'RRECT 

Figure 17-9 The correct and incorrect positions for the slotter 
cutting tool. 

circular feed, rough cut to near the layout circle, leaving only 
enough metal for the finishing cut or cuts. 

Slotter Cutting Tools 
As the cutting motion of a slotter is vertical (rather than horizon- 
tal), slotter cutting tools differ from shaper and planer tools. The 
cutting edge is formed on the end of the cutting tool. This is so that 
it is placed under compression and will cut when pushed endwise. 
The cutting face that turns the shaving is on the end of the tool 
(Figure 17-10). 

The horizontal axis (AB in Figure 17-10) is parallel with the table 
and perpendicular to the vertical axis (CD in Figure 17-10). The 
clearance angle (COG in Figure 17-10) should be 4" or So, and 
the rake angle (BOF in Figure 17-10) should be 10" or 12". When the 
cutting tool is clamped to the end of the ram in a horizontal posi- 
tion. the clearance and rake angles are measured in the same man- - 

ner as for planer tools. 
A typical set of slotter cutting tools includes the following: 

Roughing 
Finishing 
Right-hand 
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HORIZONTAL AXIS 

A 

1 C U ~ ~ N G  FACE 

Figure 17- 10 The correct clearance and 
rake angles for the slotter cutting tool. 

Left-hand 

Keyway 

* Scriber 

The pointed scriber is a much-used tool for cylindrical work 
setups. In addition to these tools, several special tools are designed 
for certain kinds of work. For example, a heavy slotter bar with an 
inserted cutting tool is better adapted for external cuts than tools 
that are forged in a single piece. Properly held in a round bar that 
can be turned around, the inserted cutting tool can be set at any 
angle (Figure 17-11). This adapts the tool for machining slots or 
keyways, using a broad-nosed cutter of desired shape and width. 
For cutting square holes, the bar can be turned to reach the corners. 
Cutting tools inserted in a bar should not be given too much rake 
because the tool drags over the work on the upward stroke. 

Feeds and Speeds 
Longitudinal, transverse, and circular feeds are provided on the 
slotter as both hand- and power-feeds. Rapid power traverse is pro- 
vided on most slotters, particularly the larger sizes of slotters. They 
are constructed so that the feed and rapid power traverse are inter- 
locking. Therefore, it is impossible to engage both at the same time. 
Approximate cutting speeds for variousmetals are provided in 
Table 17-1. 

Slotters 35 1 

BAR 

Figure 17-1 1 Detail of a holder for a round bar (left) and a round bar 
and with inserted cutting tool (right). Note that the cutting tool is in a 
horizontal, rather than a vertical, position. 

Table 1 7- 1 Slotter Cutting Speeds (Feet per Minute) 

Roughing Finishing 

Carbon Steel High-Carbon Carbon Steel High-Carbon 

Material Tools Steel Tools Tools Steel Tools 

Aluminum 50 125 40 60 
Babbitt 5 0 Highest 30 80 
Brass 3 5 Highest 30 8 0 
Cast iron (hard) 35 20 10 20 
Cast iron 
(soft & med.) 30 60 15 45 

Copper 40 8 0 20 30 
Monel metal 40 8 0 20 3 0 
Steel (hard) 15 3 5 10 25 
Steel (soft) 35 Highest 25 50 

Summary 
A slotter, in many respects, is a heavy-duty vertical shaper. The slot- 
ter can be used for a variety of work other than slotting. In addition 
to slotting work, several other kinds of pieces can be machined 



352 Chapter I7  

more advantageously by a tool that cuts in a vertical direction. 
Regular and irregular surfaces, both internal and external, can be 
machined. The slotter is especially adaptable for handling large and 
heavy pieces of work that cannot be handled easily on other 
machines. 

Because the cutting motion of a slotter is vertical (rather than 
horizontal), slotter cutting tools differ from the shaper and planer 
tools. The cutting edge is formed on the end of the cutting tool so 
that it is placed under compression and will cut when pushed end- 
wise. The cutting face that turns the shaving is on the end of the 
tool. When the cutting tool is clamped to the end of the ram in a 
horizontal position, the clearance and rake angles are measured in 
the same manner as for planer tools. 

A typical set of slotter cutting tools includes the roughing, finish- 
ing, right-hand, left-hand, keyway, and scriber. The scriber is often 
used for cylindrical work setups. In addition to these tools, several 
special tools are designed for certain kinds of work. Heavy slotter 
bars with an inserted cutting tool are better adapted for external 
cuts than tools that are forged in a single piece. 

Cutting tools inserted in a bar should not be given too much 
rake because the tool drags over the work on the upward stroke. 

Longitudinal, transverse, and circular feeds are provided on the 
slotter as both hand- and power-feeds. Rapid power traverse is pro- 
vided on most slotters, particularly the larger sizes of slotters. They 
are constructed so that the feed and rapid power traverse are inter- 
locking. Therefore, it is impossible to engage both at the same time. 

Review Questions 
I. What is a slotter used for? 
2. How does a slotter differ from a shaper? 
3. What are the basic parts of the slotter? 
4. How is the work clamped for slotting? 
5. Why is the slotter well suited for machining cylindrical sur- 

faces? 
6. Where are the hermaphrodite calipers used? 
7. List five of the tools in a typical set of slotter cutting tools. 
8. The cutting motion of a slotter is 
9. Longitudinal, transverse, and feeds are provided 

on the slotter as both hand- and power-feeds. 
10. What are the rough cutting speeds for brass with H.S. tools? 



Abrasive Metal Finishing Machines 
There are two major types of grinding: nonprecision and precision 
grinding. Nonprecision grinding is also called offiand grinding. 
Metal is removed by this method when there is no great need for 
accuracy. Pedestal or bench grinders can be used for this type of 
grinding (Figure 18-1 and Figure 18-2). These grinders are also 
used for rough grinding and sharpening tools. 

MOTOR ADJUSTABLE 

WHEEL GUARD 

ATTACHMENT 

DELTA 7" STANDARD GRINDER 

Figure 18- 1 Pedestal grinder. (courtesy ROC~WII Mon~ifociunng) 

In precision grinding, metal can be removed with great accuracy. 
There are a number of different precision grinding machines avail- 
able that can g i n d  metal parts to different shapes and sizes with 
very accurate dimensions (Figure 18-3 and Figure 18-4).  
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Figure 18-2 A 6-inch edge tool bench grinder. 
(Courtesy Rockwell Monufoctunng) 

Figure 18-4 A hand-operated surface grinder. (Courtesy  ort ton) 

The grinding wheels used in both nonprecision and precision 
grinding are made from aluminum oxide or silicon carbide. These 
grinding wheels come in many different shapes, faces, and sizes. 
Manufacturers of grinding wheels have standardized these shapes 
and faces (Figure 18-5 and Figure 18-6). The wheels are made in a 
wide range of sizes for most grinding jobs. A wide variety of 

STRAIGHT RECESSED ONE SIDE RECESSED TWO SIDES 

CYLINDER STRAIGHT CUP 
FLARING CUP 

Figure 18-3 Form-relief grinder. A single machine for complete 
form-relief grinding and precision sharpening of a large variety of 
cutting took. (Courtesy Giddmgs ond Lews Mochme Tool CO) 

TAPERED TWO SIDES DISH SAUCER 

Figure 18-5 Nine standard shapes for grinding wheels.These 
shapes will perform many jobs. (Courtesy CincionotiM~\ocron CO.) 
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Figure 18-6 Standardized grinding wheel faces.These faces can be 
modified by dressing t o  suit the needs of the user. ( c o ~ r t e ~ y  CrncinnotiMiiocron COJ 

Figure 18-7 Mounted points are tiny grinding wheels permanently 
mounted on small-diameter shanks.They may be as small as '/16 inch in 
diameter. (Courtesy Cincrnnati Milocron GO.) 

mounted grinding wheels are also made for use with small grinders 
for either offhand or precision grinding on dies (Figure 18-7). 

Grinding wheels should be properly mounted on grinders 
because they are operated at high speeds (Figure 18-8). When the 
wheels become loaded with particles of material from a grinding 
operation, they must be dressed. Dressing restores the grinding 
wheel to its original shape with a clean cutting face. 

The three types of grinding wheel dressers in use for precision 
grinding are the mechanical dresser, the abrasive wheel, and the 
diamond tool. The diamond tool is the most commonly used wheel 
dresser on precision grinders (Figure 18-9). 

Grinding wheels vary by the following: 

Type of abrasive-Aluminum oxide or silicon carbide. 

Figure 18-8 Correct method of mounting a grinding wheel. Never 
omit the blotting paper washers. (Courtesy Crncinnoti Milocron CO) 

R Figure 18-9 Diamond truing tools 
must be canted, as shown, t o  prevent 
chatter and gouging of the wheel t o  
maintain sharpness of the diamond 
abrasive. {Courtesy C~ncinnoti ~ l i oc ion )  

Grain sizes-Grain size in wheels range from 600 (fine) to 10 
(coarse). 

Type of bond-Material that holds the wheel together. . - 
Structure-Structure of the grain in a wheel is designated by 
numbers from 1 to 12. The lower the number, the closer the 
grain spacing (Figure 18-10). 

* Grade-Grades range from A to Z (soft to hard). Grades A 
through H are soft, gades I through P are medium, and 
grades Q through Z are hard. 

The standard grinding wheel marking system is based on these 
factors (Figure 18-11). 

There are many different grinding wheels used. Surface grinders 
are used in the grinding of precision parts (Figure 18-12 and Figure 
18-13). They come in many different shapes to perform the wide 
variety of grinding operations required in industry. 
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Figure 18-1 0 Grinding wheel structures showing medium (left) 
and wide (right) grain spacings. (Courtesy ~ o r t o n j  

STANDARD MARKING SYSTEM 
Sequence 1 2 3 4 5 6 

Prefix ' Ahrasire Grain G n d r  Struccurc Ilond hlanubcturer's 
T ~ p r  Sire Type Record 

SYMBOL 
I N D l U T l N G  !ZXACT 

PRIVATE MARklSG 

KIND OF ABRASIVE 
TO IDESTlFS  WHEEL 

1 16 54 100 320 12 

13 
R-RCBBSR 

20 60 120 400 &RESISOID 
ALUMINUM OXIDE-A 24 150 500 6 14 E-SHELLAC 

180 600 7 15 
I lUCON CAXIIIDE-C 

W X Y C H L O R I D E  
8 Ecc. 

i (CSF OPTIONAL) 

Soft Medium Hard 

A B C D E F G H I J K L M N O P Q R S T U V W X Y Z  

G R A D E  SCALE 

Figure 18-1 1 Standard grinding wheel system. (CourtesyAiurnrnurn CO, ofArner~co) 

Abrasive Blasting 
Abrasive blasting is used when a quality surface finish is not of pri- 
mary importance. Abrasive material is blasted on metal surfaces 
with great force. Usually, abrasive blasting takes place in a blasting 
room, on tables, or in blasting cabinets. The use of respirators is 
required for blasting in blasting rooms. 
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(A) On cylindrical pieces. (B) On flat pieces. 

STRAIGHT - 

(C) In holes. 

=ED MIND 
Figure 18-1 2 Types of grinding commonly performed on external, 
internal, and flat work. Centerless grinding, either external o r  internal, 
is also performed on cylindrical work. (Courtesy Cincinnati Milacron) 

Barrel and Vibratory Tanks 
One of the most popular methods of finishing parts is called barrel 
finishing. Barrel finishing is also known as abrasive tumbling. 
Abrasive tumbling is a precision-controlled method of removing 
burrs, edges, and heat-treat scale from parts (Figure 18-14). This 
process also improves the surface finish of a part. A number of 
parts in the many different products that we use in our daily lives 
are finished with this process. 

In the barrel-finishing process, abrasive media is put into a vibrat- 
ing or rotating barrel along with water and a chemical compound. 
The action that takes place within the barrels removes the sharp burrs, 
edges, and heat-treat scale and then polishes the part (Figure 18-15). 

Belt Sanders 
Metal is also ground with belt sanders. Grinding requires the use of 
special safety equipment to protect the eyes and hands (Figure 18-16). 
It is a dangerous operation. Safety rules must be observed at all times. 
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Figure 18-1 3 Principal types of surface grinding include flat and rotary 
tables and horizontal and vertical wheels. Disc sanders may be single- o r  
double-wheel and either vertical o r  horizontal. (courtesy crncinnoli Milocroq CO) 

Figure 18- 14 A typical part 
before (top) and after (below) 
vibratory barrel finishing. 
(Couitesy Aluminurn Company ofAmerica) 

M D  VIEW OF - 
___IC 

OIBECTION OF _IC 

BARREL ROTATION 
- 

Figure 18- 1 5 Barrel-finishing action within a rotating barrel (left) 
and vibratory barrel (right). (courtesy  NO^) 

Figure 18- 1 6 An operator o f  a belt sander finishing an 
aluminum casting. ( c o ~ r t q  AICOO) 
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Safety Rules for Abrasive Metal Finishing 
Table 18-1 shows some safety tips when working with metal finish- 
ing machines. 

Table 18- 1 Safety Rules for Abrasive Metal Finishing 

Category Safety Check Reason 

Grinding wheels Check for balance Unbalanced and rutted 

Abrasive blasting 

Barrel and 
vibratory tanks 

and ruts. 

Operate at the 
proper speed. 

Check for worn 
center holes. 

Check for secure 
hose connection. 

Check for 
"dead man" 
switch. 

Check for clear glass 
in blasting helmet 
window. 

Check for excessive 
hose wear. 

Check for a 
lockout device. 

Check for unguarded 
pinch points. 

wheels can cause 
workpieces to be 
thrown. 

Too high an operating 
speed can cause the 
wheel to burst. 

Worn center holes can 
cause the workpiece 
to be thrown. 

Accidental disconnection 
of nozzle from hose 
can cause the hose to 
whip. 

No "dead man" switch 
to turn off blasting if 
hose is dropped could 
cause injury. 

Poor visibility through 
blasting helmet 
window due to dirty 
or scratched glass 
could give serious 
problems to the 
operator. 

Excessive wear of hose 
can cause hose to 
break. 

Barrels and tanks can be 
accidentally turned on 
during loading unless 
they have a lockout 
device. 

Barrels and tanks have 
many pinch points 
that may not be 
properly guarded. 

Table 18- 1 (continued) 

Cate~ory Safety Check Reason 

Belts Check for cracked Cracked or torn belts 
and torn belts. can whip around 

when broken. 
Check for Unguarded belts can 

unguarded belts. allow you to come in 
contact with the belt. 

Operate at the Too high an operating 
proper speed. speed can cause belts 

to break. 

Summary 
There are two major types of grinding: nonprecision and precision 
grinding Nonprecision grinding is also called offhand grinding. 
Metal is removed by this method when there is no great need for 
accuracy. Pedestal and bench ginders are used for this type of work. 

In precision grinding, metal can be removed with great accuracy. 
There are a number of different precision machines available that 
can grind metal parts to different shapes and sizes with very accu- 
rate dimensions. 

The grinding wheels used in both nonprecision and precision 
grinding are made from aluminum oxide or silicon carbide. 
Abrasive blasting is used when quality surface finish is not of pri- 
mary importance. Abrasive material is blasted onto metal surfaces 
with great force. The use of respiratory equipment is required for 
work done in blasting rooms. 

Barrel and vibratory tanks are used for abrasive tumbling. 
Abrasive tumbling is a precision-controlled method of removing 
sharp edges, burrs, sand, and heat-treat scale from parts. The pro- 
cess also improves the finish of a part. Abrasive tumbling is also 
known as barrel finishing. 

Metal is also ground with belt sanders. This type of grinding 
requires the use of special safety equipment to protect the eyes and 
hands. In fact, all the various types of abrasive metal finishing 
require that safety rules be observed at all times. 

Review Questions 
I. What are two types of grinding? 
2. What is abrasive blasting? 
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3. What is the purpose of barrel finishing? 
4. What types of work are finished on belt sanders? 
5. What is another name for barrel finishing? 
6. What are the nine standard shapes for grinding wheels? 
7. Why should you never omit the blotting paper washers when 

mounting a grinding wheel? 
8. Why must diamond truing tools be canted? 
9. Disc sanders may be single- or double-wheel and either verti- 

cal or 
10. What is a "dead man" switch? 



The development of newer and tougher alloys and other materials 
has increased the demand for processes and machines that are able 
to machine these materials more quickly and economically. Many 
production items that were formerly produced on grinding and 
milling machines are now produced on electrochemical and electro- 
forming machines. 

Electrochemical Machining Process 
Electrochemical machines are used for drilling, trepanning, and 
shaping extremely hard and tough materials (Figure 19-1). These 
machines may range from a small drill of the bench type to the 
larger automatic-cycle production machines. 

Figure 19- 1 Electrocher 
machine. (Courtesy ~r-cel l -o cotp.) 
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Basic Principle 
In the electrochemical machine, a low-voltage electric current is 
passed through a conductive fluid between the work and the tool 
electrode (see Figure 19-2). The fluid also flushes away the residue 
from the machining operations. 

Electrochemical Machining (ECM) 
Metal removal by electrochemical machining (ECM) is a process in 
which electrolytic action is used to dissolve the workpiece material. 
It is, in effect, the opposite of electroplating. The term ECM is 
sometimes used for the electrolytic grinding process, which is a 
modification of electrochemical machining. 

Figure 19-2 shows the electrical diagram of an electrochemical 
machine. The workpiece (which must be a conductor of electricity) 
is placed in a tank on the machine table and connected to the posi- 
tive terminal (anode) of a dc power supply. The tool electrode, 
which is shaped to form the required cavity in the workpiece, is 
mounted in the toolholder and connected to the negative terminal 
(cathode) of the supply. An electrolyte (liquid) flows through the 
gap between the tool and workpiece and is then pumped back to 
the working zone either through the tool or externally, depending 
on the application. 

return 

Figure 19-2 Electrical diagram for electrochemical milling. 

Current flowing through the electrolyte dissolves the metal at the 
anode (+ terminal), that is, the workpiece. The electrical resistance 
is lower (and hence the current highest) in the region where the tool 
and work are closest together. Since the metal is dissolved from the 
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work most rapidly in this region, the form of the tool will be repro- 
duced on the work. 

There is no mechanical contact between the work and the tool, 
and any tendency of the work metal to be plated on the tool 
(which is the cathode) is counteracted by the flow of the elec- 
trolyte that removes the dissolved metal from the working zone. 
Hence, there is neither tool wear nor plating of the work material 
on the tool, so one tool can produce a very large number of com- 
ponents in its life. 

Machine Operation 
Some machines may be equipped with push buttons and controls for 
manual cycling. The machines may also be equipped for either semi- 
automatic or automatic cycling to suit production requirements. 

In the machine shown in Figure 19-3, a vertical ram supports a 
platen for mounting the tool electrodes. The platen is insulated 
from the ram and is connected through bus bars and cables to the 
electrical power supply. The power supply delivers current to the 
work area at low voltage. 

Figure 19-3 A conductive fluid carries the electric current that passes 
between the tool and the work. 
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The electrolyte system consists of a reservoir, a filter, a pump and 
drive motor, work compartment connections, and a return flow line. 
Corrosion-resistant materials (such as plastic or stainless steel) are 
used throughout the electrolyte system. The electrolyte is filtered 
before it enters the work area. 

The type of electrolyte solution used depends on the nature of 
the materials to be cut and operations to be performed. Neutral, 
acidic, or alkaline solutions are used, depending on the operation. 

Operations Performed 
One advantage of the electrochemical process is that there is no 
tool wear. Any number of holes may be pierced without wearing 
away the electrode (Figure 19-4). 

Figure 19-4 Elongated holes produced by the tool electrode. 
(Courtesy Ex-Cell-0 Corporation) 

Internal gear shapes, as well as round holes and various other 
shapes, can be produced by the electrochemical process (Figure 19-5). 
Tool marks and burrs are completely avoided. Therefore, these do 
not have to be machined off, as in most other processes. 

Figure 19-6 shows a die, and the electrode used to  machine it. 
Three-dimensional cavities may be used in the process. 

The electrochemical machine can be used as a general-purpose 
production machine. The process can be adapted to drilling, cutting 

Figure 19-5 The production of internal gears by the 
electrochemical process. ( C O U ~ S ~  EX-cell-o Corporation) 

Figure 19-6 A die (left) and the 
electrode (right) used t o  machine 
it. (Courtesy Ex-Cell-0 Corporat~on) 

off, shaping, trepanning, broaching, and cavity-sinking operations 
on any metal that is an electrical conductor. 

Electrical Discharge Machining Process 
This process can be used to  machine hard or tough materials to any 
form that can be produced in an electrode. It can be used only on 
electrically conductive materials. 
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Basic Principle 
Electrical discharge machining is performed with both the electrode 
and the work submerged in a dielectric fluid. The electrode and the 
workpiece must be in close proximity. Direct-current (dc) pulses at 
high frequency are discharged from the electrode through the resis- 
tance of the fluid. A minute particle is eroded from the surface of 
the work with each pulse. 

Electrical Discharge Machining (EDM) 
Electrical discharge machining (EDM) is a process that is some- 
times referred to as electroerosion or electrospark machining. It is 
described as the removal of material by means of repetitive short- 
lived electric sparks that occur between the tool (called an 
electrode) and the workpiece. 

The circuit used is a dc relaxation circuit that is fed from a 
mercury arc or selenium-type rectifier with more modern 
machines equipped with diodes. The latest equipment uses less 
expensive semiconductors to produce the dc power needed for 
the process. 

To achieve erosion, a gap of approximately 0.025 to 0.05 mil- 
limeters between the tool and workpiece has to be maintained. This 
is done by the servo drive. This type of circuit is not too efficient 
but does represent the earlier type of circuit used for EDM. 

In Figure 19-7 note how the capacitor is placed across the tool 
and workpiece. When the power is turned on, the voltage begins to 
build up and charge the capacitor (C). In this initial stage, the spark 
gap behaves as an open circuit and no current flows. As the voltage 
across the capacitor builds up, it eventually reaches the breakdown 
voltage of the gap. The breakdown voltage required for the gap is 
determined by the distance between the electrode and the work-, 
piece, as well as the dielectric fluid used. A spark is produced across 
the gap when the voltage reaches the critical point. The dielectric 
ionizes, and the capacitor is discharged. After the capacitor has dis- 
charged, the surrounding dielectric deionizes and again becomes an 
effective insulator. The cycle is then repeated. Thus, a rapid succes- 
sion of sparks is obtained. The frequency of spark production is on 
the order of 10,000 per second. 

In high-production applications, the high-intensity, low-frequency 
spark production of the relaxation circuit is unsatisfactory. The 
sparks of a higher frequency are used for high production. The spark 
is produced by a rotary impulse generator. This ensures better control 
of frequency and higher metal removal rates, and, in addition, less 
tool wear occurs. 

Reversible 

Reduction gearbox motor 

Dielectric 
fluid - 

Dielectric fluid 
return 

Figure 19-7 Circuit for EDM. 

Machine Operation 
The electroforming machine shown in Figure 19-8 is equipped with 
an electrohydraulic servo for maintaining a constant gap between 
the electrode and the work. The servo automatically feeds the tool at 
the proper rate to keep the gap constant as the cutting progresses. 

The power supply feeds the current to the servo until the elec- 
trode reaches the preset depth, and a predetermined amount of 
stock is removed. The power supply controls the movement of the 
electrohydraulic servo unit in the machine tool while precisely 
metering high-frequency dc pulses to the electrode. The machine 
tool is a precision mechanical device. It holds the work and feeds 
the electrode to the work while maintaining an extremely precise 
gap. The servo automatically retracts the tool if the gap becomes 
too small or if residual from the cutting operation forms a bridge. 
Momentary retraction of the tool clears the cutting area, and the 
servo resumes its downfeed. Accurate gauging and depth of 
machining are controlled by the combination of a micrometer and 
limit switches. 

An extremely uniform gap is held between the tool and work, 
regardless of configuration. Because of the extreme repeatability 
and uniformity of the process, extremely accurate predictions of 
results are possible. Size, tolerances, and surface finish of the work 
can be predicted within very close limits. 

Cutting speed is controlled by amperage, or cutting current. 
Surface finish of the work is controlled by the frequency at which 
the cutting current pulses occur. 
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Figure 19-8 This machine uses the electrical discharge machining 
(EDM) process of forming metal. (Courtesy EX-ces-o corporation) 

A workpan is provided on the machine for setup of the work. An 
adjustable level control and an adjustable safety float switch are 
provided to control the level of the dielectric fluid. 

Operations Performed 
Electrical discharge machining is particularly adaptable to general- 
purpose machining and for die work. Various types of work may be 
done on these machines. 

Figure 19-9 shows a multiple-electrode setup, where 18 holes are 
drilled in an aircraft fuel nozzle in a single machining cycle. 

Figure 19-9 A multiple-electrode setup (left) in which 18 holes are 
drilled in the aircraft fuel nozzle part (right) in one machining cycle. 
(Courtesy Ex-Cell-0 Corporation) 

Figure 19-10 illustrates some of the miscellaneous forms that can 
be machined by the process. Hardened steels and carbides as well as 
tough alloys can be machined without difficulty (Figure 19-11). 

Electroforming can be used to greatest advantage in die rnanu- 
facturing and machining operations involving intricate forms that 
are difficult to ~ r o d u c e  bv conventional machines. This is ~a r t i cu -  
larly advantageous in machining of parts in the hardened condi- 
tion (Figure 19-12). Dies can be reworked, and reworking can be 
performed earlier to  maintain a high quality-control level in the 
production of parts. 
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Figure 19- 10 Miscellaneous forms machined by the electrical 
discharge machining process. (Courtesy EX-C~ICO Corporatlon) 

Figure 19- 1 I A single-axis movement o f  the electrode machined this 
four-lobed spline in the stainless steel shaft. (Courtesy EX-ceii o Corporatlon) 

Figure 19- 12 Component parts o f  a die that is used t o  produce 
powdered metal cluster gears, showing internal involute gear form rough 
and finish machined in the hardened condition. (Courtesy EX-C~IIO Corporation) 

Figure 19- 13 A typical example of an irregular shape easily cut in tough 
material by electrical discharge machining.This is a stainless steel shroud, 
pierced by a brass electrode positioned above it. (Courtesy ~ r - c e l l - o  Corporation) 
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Irregular shapes can be cut easily in tough materials (Figure 19-13). 
Forms can be produced with a soft tool. Tool pressure (which can 
cause localized stress) and heat (which can cause distortion) are 
both absent in electrical discharge machining 

Figure 19-14 illustrates other items that may be produced by the 
electroforming process more quickly than by conventional means. 
Tools used on conventional machines may be fitted on the electro- 
forming machine, especially after they have been heat-treated. 

Figure 19- 14 Valves produced by the electroforming process: 
(A) A high-pressure relief valve (insert shows the shape of the opening); 
(B) another valve; (C) shape of the opening is shown in the insert. 
(Couriesy Ex-Cell-0 Corporation) 

Summary 
Electrochemical machines are used for drilling, trepanning, and 
shaping extremely hard and tough materials. In the electrochemical 
machine, a low-voltage electrical current is passed though a con- 
ductive fluid between the work and the tool electrode. 

One big advantage of electrochemical machining (ECM) is that 
there is no tool wear. Many holes can be pierced without wearing 
away the electrode. Tool marks and burrs are completely avoided. 

Therefore, these do not have to be machined off, as in most other 
processes. 

Electrical discharge machining (EDM) is performed with both 
the electrode and the work submerged in a dielectric fluid. Direct- 
current pulses at  high frequency are discharged from the electrode 
through the resistance of the fluid. Minute particles are eroded 
from the surface of the work by each pulse. There is no mechanical 
contact between the work and the tool, and any tendency of the 
work metal to be plated on the tool (which is the cathode) is coun- 
teracted by the flow of electrolyte that removes the dissolved metal 
from the working zone. This means there is no tool wear or plating 
of the work material on the tool. 

EDM is sometimes referred to as electroerosion or electrospark 
machining. It is sometimes described as the removal of material by 
means of repetitive short-lived electric sparks that occur between the 
tool (called an electrode) and the workpiece. The circuit used is a dc 
relaxation circuit that is fed from a mercury arc or selenium-type 
rectifier. In order to work properly, a gap of approximately 0.025 to 
0.050 mm between the tool and workpiece must be maintained. 

Review Questions 
I .  How does industry employ electrochemical machines? 

2. What are the advantages of electrochemical processing? 
3. What is the principle of operation of the electrical discharge 

machine? 

4. What is electroforming? 
5. What is electrochemical machining? 

6. What does the term cathode mean? 
7. What does the term anode mean? 
8. What is an electrolyte? 

9. What type of circuit is used for EDM? 
10. How is cutting speed controlled in EDM? 



Ultrasonics in Metalworking 
Ultrasonics, using a form of cavitation, may be utilized in several 
different machining processes. Drilling, grinding, cutting, and 
soldering or welding may all be performed with ultrasonics. 

Machining 
The machine processes use an abrasive slurry, which is pounded 
against the material at an ultrasonic rate, causing it to be chipped 
away. Since the work is not chipped, heated, stressed, or distorted, a 
greater degree of precision may be obtained than with conventional 
machining methods. The size of the abrasive grit used determines 
the degree of fineness of cut; coarse abrasive grit cuts the material at 
a faster rate. Ultrasonic machining is especially advantageous in cut- 
ting very hard materials such as glass, ceramics, steel, and tungsten. 
It is practically ineffective on soft substances. 

Abrasives 
The abrasive used in ultrasonic machining is suspended in a liquid. 
This liquid serves several functions. It provides an acoustic bond 
between the vibrating tool and the work. Therefore, it produces an 
efficient way to transfer energy from the tool to the work. It can 
also act as a coolant at the tool face. Another task it performs is to 
carry the abrasive to the cutting area and then wash away the spent 
abrasive and swarf. Swarf is the filings and the wet materials left 
over after the abrasive has done its work. 

Abrasives used for ultrasonic machining are many, but those 
most commonly used are aluminum oxide, silicon carbide, boron 
carbide, and some diamond dust. Grit sizes vary between 100 and 
2000. The coarse grade is used for roughing, and the finer grades 
(600 to 700) are used for finishing. Very fine grades (1000 to 2000) 
are used for the final pass on highly accurate work. 

Liquid used to carry the abrasive must have the following prop- 
erties: 

Its density must be approximately equal to that of the abrasive. 

It must have good wetting properties. 
* To be able to carry the abrasive down between the tool and 

the work, it must have low viscosity. 
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Efficient removal of heat from the cutting zone requires the 
liquid to have a high thermal conductivity and specific heat. 
Water can be used for the liquid if it has rust inhibitors and 
wetting agents added. 

Drilling 
An ultrasonic drill concentrates all the vibrations at a specific 
point, thereby making use of all the available energy at a single 
point. In concentrating the energy, the amplitude of the vibrations 
is increased. This is brought about by the use of a tapered stub 
(Figure 20-1). In the cross-sectional view, note that the driving 
coils are wound around the magnetostrictive nickel core. The lam- 
inations are firmly connected to  the tapered stud, which extends 
out of the drill housing. As the core changes size, it causes the stub 
to  vibrate up and down to set up longitudinal vibrations, thereby 
creating the drill motion. The assembly has an inlet and outlet 
for circulation of water to  provide cooling, since the vibrations 
produce heat. 

SIGNAL 
INPUT OUTSIDE 

I 7 ,HOUSING 

WATER 
INLET 

RESONANT 
SUPPORT 

ABRASIVE SLURRY 

S\\\\\\\\\\\\\I.U\\\\. Figure 20- l Cross-sectional 
WORK/  view of an ultrasonic drill. 

The drill tip actually moves up and down only a very short dis- 
tance, but the rapid rate of vibration makes it very effective in driv- 
ing through hard materials. The vibrating effect combines with 
cavitation in the liquid-base abrasive to  perform the driving 
action. The tip of the drill is applied to  the abrasive, which per- 
forms the actual drilling action. Aluminum oxide, boron carbide, 

silicon carbide, Carborundum, diamond dust, or similar hard 
materials mixed with oil or water can be used as the abrasive. A 
container for the abrasive is mounted so that it can be applied at 
the point where the drilling is being performed. 

Most ultrasonic drilling machines resemble rotary drill presses 
in appearance. A commercial ultrasonic drill (Figure 20-2) is 
arranged so that different bits can be substituted in the same trans- 
ducer assembly. Since drilling is by reciprocating action (rather 

Figure 20-2 An ultrasonic drill. At the lower left, notice the 
Cuts already made. (Couitrsy Gulton Industries) 
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than by rotary motion), each cutting tool is made in the same 
shape as the hole to be drilled. A rotary drill can drill only round 
holes, but an ultrasonic drill can cut holes in almost any desired 
shape. With a properly constructed tool, a large number of holes 
can be machined in a single operation. Drill bits are made of cold- 
rolled or unhardened steel and then silver-soldered to  the core- 
shaped shaft. 

Grinding and Cutting 
Grinding and cutting operations by ultrasonics on hard materials 
are similar to  drilling. Grinding involves either shaping a material 
to a particular form or smoothing it to a particular finish. A coarse 
abrasive is used at the start; then, a finer grain is used until the cor- 
rect finish is obtained. Ultrasonic grinding has several distinct 
advantages, as compared with conventional grinding. A good finish 
may be obtained at a lower temperature, thereby reducing damage. 
The amount of grinding can be controlled accurately and a good 
finish is possible on coarse materials. Figure 20-3 shows an ultra- 
sonic grinder. " 

Ultrasonic grinding and cutting are also advantageous in that 
they work best with harder materials, while ordinary machine 
tools work best with the softer materials. Ultrasonics can be 
used to  cut glass, quartz, sapphire, germanium, silicon, diamond, 
ceramics. and other hard nonmetallic substances. The various 
hard materials can be cut or sliced into thin wafers for various 
uses. With a properly shaped tool, a number of slices can be cut a t  
one time (Figure 20-4). Cutting blades are usually made of thin 
steel or molybdenum and can be used to  cut wafers as thin as 
0.015 inch. 

Cutting Performance 
Just how the process works has not yet been fully understood or 
explained. People working in the field do not agree as to how the cut- 
ting action takes place. One claim is that the cutting rate increases 
linearly with an increase in three variables and that, above a certain 
critical abrasivelwater ratio, the relationship Rlafd is constant, as 
defined here: 

R = penetration rate of tool 
a = amplitude of vibration 
f = frequency of vibration 
d = mean diameter of abrasive 

Figure 20-3 The head unit of an ultrasonic grinder. (courtesy Roytheon) 

However, others say there is a nonlinear relationship between 
amplitude, frequency, and cutting rate. Factors such as an exces- 
sive force on the tool may prevent abrasives reaching the tool so 
that cutting would eventually stop and cause a nonlinear condition 
to exist. The position of the maximum cutting rate was influenced 
by the amplitude of the tool and the cross-sectional area of the 
tool. Shape of the tool face could influence the maximum cutting 
rate. A narrow rectangular cross section gives a higher maximum 
cutting rate than a tool having a square cross section of the same 
area. 

The viscosity of the slurry has a damping influence on the cut- 
ting tool oscillations. This is of importance when manufacturing 
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Figure 20-4 A n  ultrasonic cutter head. A large number o f  slices can 
be produced wi th each cut. 

work with a large side area (such as with splines). If too low, the 
viscosity will retard passage of slurry and waste the side clearance. 
This, too, reduces the cutting rate and can be eliminated if the 
shank of the tool is reduced in size behind the face. 

Abrasive cutting success depends not only on its hardness but 
also on the number and durability of the cutting edges that are a 
function of the shape of the particles. The brittle behavior of the 
work material greatly influences the cutting rate. Brittle, nonmetal- 
lic materials can be cut at very high rates. 

The process has one important advantage. It leaves no residual 
mechanical stresses in the cut material when operating under nor- 
mal conditions. It can be shown that, even with the most easily 
fractured materials, the chipped workpieces are small even when 
compared with the abrasive, indicating that the stresses transferred 
to the work must be very localized. It is important to maintain an 
adequate supply of liquid coolant. 

Advantages of Ultrasonic Machining 
It is easy to obtain accuracy and good surface finish. There is no 
heat generated, which means there are no changes in the physical 
structure of the material. 

The equipment is safe to handle and requires little skill to oper- 
ate. Cheap abrasives are used. The process can be used with all brit- 
tle materials and is not limited by any other physical property. 

Newer Developments 
Newer techniques make use of a diamond-impregnated cutting 
tool. The tool has a rotary transducer that gives much faster cutting 
rates and greater accuracy than the conventional methods. As the 
cutter rotates, the process is said to be similar to  that of end milling. 
So, by traversing the tool, profiles can be generated. Work toler- 
ances in the region of 0.0125 millimeters in glass and ceramic com- 
ponents are possible. When machining glass, the cutting rate is on 
the order of 10  cubic millimeters per minute. The tool is rotated at 
100 to 1800 revolutions per minute with an axial vibration in the 
region of 20 Hz and an amplitude of 0.005 to 0.0125 millimeters. 

Soldering and Welding 
When metals such as copper or aluminum are exposed to the 
atmosphere, a thin film of oxide forms on the metal. Thus, the film 
prevents the solder from making proper contact with the metal. A 
chemical flux can be used to coat copper materials to prevent for- 
mation of the oxide, but this will not work well on aluminum. 
Application of ultrasonic vibrations to  molten solder, when in 
contact with aluminum, cavitates the solder and eliminates the 
oxide film. Thus, the solder can reach and contact the surface of 
the aluminum. Copper and other metals can be soldered in the 
same manner, using solder with a high tin content. After tinning 
by ultrasonic means, soldering can be done by the usual methods. 
Ultrasonic soldering usually requires no flux, even for joining 
dissimilar metals. Figure 20-5 shows one type of ultrasonic sol- 
dering iron. 

Ultrasonic welding differs considerably from other types. No 
external heat is applied-only ultrasonic vibrations-but similar 
and dissimilar metals can be joined effectively. Aluminum can be 
welded either to  aluminum or to another metal. Stainless steel, 
molybdenum, titanium, and other metals can be joined either by 
spot welding or by seam welding. 

The amount of heat created by the ultrasonic vibrations is not 
sufficient to melt the metals being joined. Therefore, the bond 
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Figure 20-5 An ultrasonic 
soldering iron. 

occurs by some other means (the joining process is not completely 
understood). Evidently, the two sections are joined by a molecular 
bond formed by the combined action of the heat and the fast rate of 
vibration. As in other types of welds, the bond is stronger than 
either of the metals involved. Special preparation of materials is not 
required in ultrasonic welding, and much less pressure is required 

Review Questions 

Figure 20-6 An ultrasonic seam welder. The motor turns the 
transducer head. (Courtesy Gu!ton Industries) 

to  hold the sections together during the process. Since there is so 
little heat, there is less deformation of the materials being welded. 

One type of ultrasonic welding unit (Figure 20-6) resembles an 
ultrasonic drill. It has a tapered stub with a large tip on the end. 
The vibrations are applied parallel to the surfaces of the materials 
being welded. These are shear waves; longitudinal waves will not 
weld. A seam weld is formed by running the tool down strips of 
metals. A spot weld is produced by touching the tool at a definite 
point. 

Summary 
Ultrasonics may be utilized in several different machining pro- 
cesses. Drilling, grinding, cutting, and soldering or welding may be 
performed with ultrasonics. The machine process uses an abrasive 
slurry, which is pounded against the material at an ultrasonic rate, 
causing it to be chipped away. 

An ultrasonic drill concentrates all the vibrations at a specific 
point, thereby making use of all the available energy at any single 
point. The drill tip actually moves up and down only a very short 
distance, but the rapid rate of vibration makes it very effective in 
driving through hard materials. The drill tip actually moves so 
rapidly that it effectively drives through hard materials. This vibrat- 
ing effect combines with cavitation in the liquid-base abrasive to  
perform the driving action. 

Grinding and cutting operations by ultrasonics on hard materi- 
als are similar to drilling. A coarse abrasive can be used at  the start; 
a finer grain is used until the correct finish is obtained. A good fin- 
ish can be obtained at a lower temperature, thereby reducing dam- 
age. Ultrasonics can be used to cut glass, quartz, sapphire, 
germanium, silicon, diamonds, ceramics, and other hard materials. 

Ultrasonic welding and soldering differ considerably from the 
regular process. N o  external heat is applied, only ultrasonic vibra- 
tions. Similar and dissimilar metals can be joined effectively. The 
amount of heat created by the ultrasonic vibrations is not sufficient 
to melt the metals being joined. Therefore, the bond occurs by 
other means. 

I .  How does the ultrasonic process work? 
2. What are the advantages of ultrasonic welding? 
3. How is cutting and g-inding accomplished in the ultrasonic 

process? 
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4. What abrasives are commonly used in ultrasonic machining? 
5. What are the needed properties of the liquid used t o  carry the 

abrasive away from the work area in ultrasonic milling? 
6. What do most ultrasonic drilling machines resemble? 
7. The grinding and cutting operations performed by the ultra- 

sonic process on hard materials are similar to  

8. What effect does the viscosity of the slurry have on the cutting 
tool? 

9. What is the main advantage of ultrasonic machining? 

10. A weld is produced by touching the tool at a defi- 
nite point. 



Machine Shop Robotics 
and Electronics 
The machine shop has been modernized to the extent that 
robotics and electronic controls have been introduced into the 
operation and control of machines. In most instances, this has 
increased efficiency, improved the quality of the product, and 
improved production numbers. The demand for high-precision 
products has also been answered in work for the aerospace indus- 
try and certain control devices such as linear-motion controls and 
tables. 

Applications 
~ o b o t s  can be used in the machine shop to drill, route finished 
products, deburr, hone, lap, grind, and do other procedures. For 
example, Cincinnati Milacron Company's machining system can do 
accurate positioning for demanding process applications. The com- 
puter numerical control (CNC) drill provides automatic process 
control and drilling precision for various machining operations. 
The pneumatic router can cut a wide variety of materials. The long 
string brush deburring system can remove burrs from many differ- 
ent materials without requiring accurate fixturing. A flexible inter- 
face enables the robot to monitor the status of the system 
equipment. Figure 21-1 shows the location of the various parts of 
the Atlas Robot used in the machine shop. 

Robots 
A robot is made up of a number of subsystems. They can be classi- 
fied in a number of ways, but the only one discussed here is the 
industrial robot. 

The industrial robot has arms and grippers attached (Figure 21-2). 
The grippers are fingerlike and can grip or pick up various objects. 
They are used to  pick and place, as well as move materials pre- 
cisely where they are needed for machining, grinding, or finishing. 
The robot can be programmed and computerized. The teach box is 
used t~ program the microprocessor used as the computer brain 
(Figure 21-3). Sensory robots, welding robots, and assembly robots 
usually have a self-contained computer. 
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1 ATLAS ROBOT 7 WING SPAR TABLE 
(MODEL P-696) 8 VERSION 5i ROBOT 

2 PENDANT STAND CONTROL 
3 TOOL RACK 9 OEBURR CONTROL 
4 COUPON TABLE 10 EOA CONTROL 
5 COMPOSlTE PANEL 11 TRANSPORTER 

TABLE CONTROL 
6 TRANSPORTER 

Figure 21 - I  Robotic machining system. ~ C O U ~ ~ ~ S Y A B B ~  

Basic Construction 
The basic components of the robot include the manipulator, the 
base, the arm, the wrist, and the grippers. Figure 21-4 shows a com- 
plete robot system. 

Manipulator 
The manipulator is one of the basic parts of the robot (Figure 21-5). 
All components of a robot must be operational for the robot to 
function and do its job accurately. The manipulator is classified by 
certain arm movements. There are, for instance, four coordinate 
systems used to describe the arm movement: polar coordinates, 
cylindrical coordinates, Cartesian coordinates, and articulated 
(jointed-arm, spherical) coordinates. 

Machine Shop Robotics and Electronics 39 1 

I /--SELF FEED DRILL UNIT 
I 

STATION .& / 
NO. PROCESS 

1 PICK PART FROM HOPPER 
2 TRANSPORT TO ORILL JIG 
3 DRILL HOLE 

" X  AXIS TRANSPORTER I r \  
4 DROP ON RETURN 1 1 

\- HOPPER 
" X  

Figure 2 1-2 Robot with gripper. 

Figure 2 I -3 A teach 
pendant. (Courtesy ABB) 
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Figure 2 I -5 Manipulator in a robot system. 
(Courtesy STAUBLI CORPORATION) 

Base 
The robot is anchored to the floor or table at the base. The base 
may be rigid, or it can be designed as a supporting unit for all the 
component parts of the robot. The base does not have to be sta- 
tionary, since it may become part of the robot. It may be capable 
of any combination of motions, including rotation, extension, 
twisting, and linear. Most robots have the base anchored to the 
floor, although, because of limited floor space, they may be 
anchored to the ceiling or to suspended support systems overhead. 
A track or conveyor system may be used to move the robot along 
as needed. 

Arm 
Most industrial-type robots have some type of arm. It may be 
jointed and resemble a human arm, or it may be a slide-inlslide-out 
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type used to grasp something and bring it back closer to the robot. 
A jointed arm consists of a base rotation axis, a shoulder rotation 
axis, and an elbow rotation axis. This type of arm provides the 
largest working envelope per area of floor space of any design thus 
far. If this is a six-axes type of arm, it requires some rather sophisti- 
cated computer control. Most arms now have some type of joint. 
From one to six jointed arms may be attached to a single base for 
special jobs. The expense of controlling this type of movement is 
rather large because of its complexity. 

Wrist 
The wrist is attached to the jointed arm. The wrist is similar to a 
human wrist and can be designed with a wide range of motion, 
including extension, rotation, and twisting. This aids the robot in 
reaching places that are hard to reach by the human arm (such as 
inserting a machined piece into a furnace or in heat treating). It 
comes in handy especially when spray-painting the interior of an 
automobile, working on the assembly line, and welding inside a 
pipe. This type of flexibility will improve the machining of prod- 
ucts, as well as assist in loading and unloading a milling machine or 
a drill press. 

Grippers 
The grippers are at the end of the wrist. They are used to hold 
whatever the robot is to manipulate. Pick-and-place robots have 
grippers to move objects from one place to another. Some robots 
have end-of-arm tooling instead of grippers. In such cases, the 
robot is used primarily for one type of operation (such as spray- 
painting or welding). If a tool is attached, it is unnecessary to have 
a gripper on the end of the arm. A pneumatic impact wrench can be 
fitted at the end of the arm just as easily as grippers. Figure 21-6 
shows a piezoresistive transducer on the end effector being used to 
monitor pneumatic pressure for cost-effective control of an auto- 
mated drilling robot. Grippers are made in a number of sizes and 
shapes. Various types are made to fit the job being done by the 
robot such as that shown in Figure 21-6. 

Motion 
To move the manipulator, the robot needs some type of power 
source. There are three types of robot power sources: electric, pneu- 
matic, and hydraulic. Each has its advantages and disadvantages. 
For example, the electric motor drives cannot lift as much as 
hydraulic drives. However, electricity can be more precisely con- 
trolled, so this type is usually relied upon for very fine work. 

Figure 2 1-6 Automated 
drilling with a drill chuck end 
effector. 

Workshop Duties 
Robots can be used as part of a work cell. They perform simple, 
repetitive materials-handling tasks with ease. Transferring, loading, 
and unloading are simple applications, but they are tasks that can 
free humans for more productive work. Robots can be efficient 
links between different machines, as well as between machines and 
material supply sources (Figure 21-7). Robots provide efficiency 
that pays for itself with increased production. 

Figure 21-8 shows how one machine is used to feed another and 
thereby relieve a human operator from the drudgery of repetitive 
work. 

Robots can be used effectively to do spot welding, spray-paint- 
ing, machine tool loading, materials transfer, investment casting, 
forging, palletizing, glass handling, and press loading, as well as 
stacking and destacking. 

The machine shop worker must be able to make the various 
grippers and other parts of the robot. Precision workmanship 
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Figure 2 1-7 Robot tending two multispindle machine tools in the 
manufacture of cylinder heads. (Courtesy ~ r ~ b  R O ~ O ~ S )  

Figure 2 1-8 Machine feeding machine. 

makes for fewer problems later in the routine operation of the 
robot. Some of the repetitive jobs in a machine shop can be handled 
very well by the robot or robotlike devices. 

Computerized Measurements with Ultra-Digit 
As the demand for greater accuracy and the ability to improve qual- 
ity of the finished product increases, the need for more efficient and 
reliable means for checking the output of the machine shop becomes 
apparent. Manufacturers make specialized instrumentation for vari- 
ous quality-control and production requirements. The Ultra-Digit 
computer system serves as one example of the many approaches to 
improving the quality of today's machine shop production. 

The Ultra-Digit computer system shown in Figure 21-9 has a sta- 
tistical analysis (Stat-An) software program built into the system. This 
program and equipment are shown as an example of what is avail- 
able. There are many other types with more advanced features avail- 
able. The metals field (machine shops in particular) will be constantly 
updated with new and interesting ways to electronically improve the 
operation and testing of manufactured products produced by the 
machine shop and its machines. The operator of this system has no 
need to understand computer programming. However, additional 
programs can be created using the well-known BASIC language. 

The modular system shown in Figure 21-9 permits simple print- 
outs of each measurement displayed by simply using the master 
interface, a connecting cable, and printer. Up to eight Ultra-Digits 
can be connected to the master interface. 

There are three additional auxiliary interfaces to the master 
interface. Each auxiliary permits hooking up an additional eight 
Ultra-Digit units. Printouts of the measurements of 32 or 64 Ultra- 
Digit indicators are possible with this method. 

Add the Ultra-Digit computer to run the built-in Stat-An pro- 
gram. Stat-An for the standard system permits use of up to 32 indi- 
cators and can be used with a TV or video monitor. A later version 
of the statistical program is also available. It allows use of up to 64 
indicators without using a TV or video monitor. 

System Components 
Components for this system are identified in Figure 21-10. The fol- 
lowing numbers indicate the component: 

I. Ultra-Digit indicator 
2. Lifting lever 
3. Gauge stand 
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Figure 2 1-9 The Ultra-Digit computer system. (courtesy FredV Fowler) 

4. Foot switch 
5. Printer 

6. Computer 
7. Master interface 
8. Auxiliary interfaces 
9. Monitor or television 

System Printouts 
The software package is a menu-driven program that prompts the 
user with directions and does not necessarily require a highly 

Figure 2 I - I 0  Identification of component parts of the Ultra-Digit 
COmpUtW System. (Courtesy Fred V Fowlerj 

trained computer technician to operate. The operator has no need 
to understand programming. 

The software package is contained on a read-only memory 
(ROM) chip in the master interface and is activated through the 
computer system. It will monitor from 1 to 32 indicators and out- 
put directly to the printer, the television/monitor, or both. 
Additional ROM chips can be added in the future for various pro- 
grams, but the computer is programmable in BASIC for current 
programming needs. 
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Figure 21-11 shows the sample output from the printer. Each 
part has been numbered and can be easily identified. 

No. 1-The automatic printout headings. 
No. 2-Select Channel allows user to select measuring mode 
(actual or nominal); select inch or metric; enter component tol- 
erance or maximum/minimum size; enter predetermined lot size. 
No. 3-This shows that an entry of sample measurements 
came directly from the unit's indicators. Up to 99 measure- 
ments can be taken on a single channel, depending on the 
total number of channels. (Symbols: H = above tolerance; L = 
below tolerance.) 
No. 4-Note the number of fliers (any reading that is 100 per- 
cent of the component tolerance away from the sample average), 
the number of readings that are out of tolerance, percentage of 
readings above and below tolerance, percentage of tolerance 
used, madmin readings, range, average (mean), standard devia- 
tion, and -C 3 and 4 standard deviation values. 
No. 5-This histogram of all readings for this lot sample indi- 
cates minimum and maximum tolerance. 
No. 6-The X-Bar Chart: (average value) shows between 
upper and lower tolerance limits, and upper and lower con- 
trol limits. This is a continuous process for the channel and 
component selected while the computer is switched on. 
(Symbols: X = normal reading; F = flier in calculations; E = 
upper control limit less than lower control limit.) 
No. 7-The range value of each sample is plotted automati- 
cally in this R Chart and is shown against the upper control 
limit. This is a continuous process for the channel and com- 
ponent selected while the computer is on. 

Note 
The computer remembers previous X-Bar and R readings and plots 
them together with the latest readings from the last sample. 

Figure 21-12 shows the complete 32 Ultra-Digit system with all 
components except the foot switch. The system may be configured 
without the computer, thereby still having 32 indicators on-line, 
but the program cannot be run. Only real-time measurements can 
be captured and printed. Following are the components shown in 
Figure 21-12: 

1-3-Auxiliary interfaces 
4-Master interface with eight Ultra-Digit indicators 

MIN SIH .2780 
LOT SSZE l@ 
LOT NO 7 

Figure 2 1-  I I Printout of the Stat-An program from the Ultra-Digit 
computer System. (Courtesy Fred V Fowler) 
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5-Computer 
6-Television or video monitor 

@ 7-Printer 

Figure 2 1 - 12 Complete 32 Ultra-Digit system with all components 
except the foot switch. 

The standard system can drive a maximum of 32 indicators and 
will allow the use of a television or video monitor for faster results. 
For applications where more than 32 indicators are desired, a spe- 
cial version of the software program is needed. The second pro- 
gram will drive up to 64 indicators simultaneously. This later 
version, however, does not permit the use of a television or video 
monitor. Even later modifications will handle all types of outputs 
and peripherals. 

Summary 
Most machine shops have been modernized to the extent that 
robotics and electronic controls have been introduced into the 
operation and control of the machines. In most instances, this has 
increased efficiency and quality of the product and has improved 
production numbers. 

Robots can be used in the machine shop to drill, route finished 
products, deburr, hone, lap, grind, and do other procedures. Robots 
are made up of a number of subsystems. They can be classified in a 
number of ways. Industrial robots have arms and grippers attached. 
They are made up of a manipulator, a base, and an arm with a wrist. 

There are three types of robot power used to do the work 
demanded of it. There are the electrically powered, the hydrauli- 
cally powered, and the pneumatically powered types of robots. 
Electric motors can lift limited amounts of load, while the hydrauli- 
cally powered motors can lift heavy loads. Robots can be used as 
part of a work cell where they handle simple, repetitive materials- 
handling tasks with ease. Robots can also be used to do spot weld- 
ing, spray-painting, machine tool loading, materials transfer, 
investment casting, forging, palletizing, glass handling, and press 
loading, as well as stacking and destacking. 

The computer is used for more than directing the robot. 
Computer programs aid the machinist in producing accurate work, 
as well as improving output. Computer programs are available that 
allow the machine shop operator to easily transfer knowledge to 
the new system with little or no relearning required. The software 
package is contained within the computer and is menu-driven. It 
prompts the user with directions and does not necessarily require a 
highly trained computer technician to operate. The operator has no 
need to understand or do programming. 

Review Questions 
I. What is the robot's role in the machine shop? 
2. What does CNC mean? 
3. What is a robot? 
4. Identify the following: 

A. Manipulator 
B. Base 
C. Arm 

5. What do the grippers do on a robot? 
6. How does the wrist work and for what purpose? 
7. What is a work cell? 
8. What kinds of operations can a robot perform? 
9. What does pick and place mean? 

10. What is a teach pendant? 



Reference Materials 
This appendix contains useful reference information, including the 
following: 

0 Colors and approximate temperatures for carbon steel 

Nominal dimensions of hex bolts and hex cap screws 
Nominal dimensions of heavy hex bolts and heavy hex cap 
screws 
Nominal dimensions of heavy hex structural bolts 

0 Nominal dimensions of hex nuts, hex thick nuts, and hex jam 
nuts 
Nominal dimensions of square-head bolts 
Nominal dimensions of heavy hex nuts and heavy hex jam 
nuts 
Nominal dimensions of square nuts and heavy square nuts 

0 Nominal dimensions of lag screws 

American Standard machine screws (heads may be slotted or 
recessed) 

0 American Standard hexagon socket, slotted headless, and 
square-head setscrews 
American Standard cap screws (socket and slotted heads) 

English to metric conversion table 
Decimal equivalents, squares, cubes, square and cube roots, 
and circumferences and areas of circles (from '/a to  5/8 inch) 

Decimal equivalents, squares, cubes, square and cube roots, 
and circumferences and areas of circles (from 41/64 to  1 inch) 
Number and letter sizes of drills with decimal equivalents 
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Temperature in Temperature in 
Color Degrees Fahrenheit Degrees Celsius 

Black red 990 532 
Dark blood red 1050 566 
Dark cherry red 1175 635 
Medium cherry red 1250 677 
Full cherry red 1375 746 
Light cherry, scaling 1550 843 
Salmon, free scaling 1650 899 
Light salmon 1725 946 
Yellow 1825 996 
Light yellow 1975 1080 
White 2220 1216 

Nominal Dimensions of Hex Bolts and Hex Cap Screws 

-cl TH ir 0.016 APPROX 

Hex Bolts Hex Cap Screws 

Nominal Width Across Width Across 
Size E Flats F Corners G Head Height H 

l/4 %6 l/2 l/64 

%6 ?/2 9/16 3 2  

3/8 9/1 6 2 % ~  l/4 

%6 % 4764 l%4 
?'2 3/4 ?/64 11/32 
5/8 lS/16 1 %2 '764 

3/4 1 l/S 1 19/64 l/2 

7 8  15/16 133/64 37/64 

1 1 l/2 147/64 43/64 
1 l/s 11%6 1 1/64 3/4 

1 'h 1% Z11/64 '732 

1 3/s 2 l/l 6 23/s 29/32 
1% 2 '/4 2 % ~  1 
1 3/4 2% 3 l/32 1%2 
2 3 3 15/3z 1 

Nominal Dimensions of Heavy Hex Bolts 
and Heavy Hex Cap Screws 

HEAVY HEX BOLTS HEAVY HEX CAP SCREWS 

Heavy Hex Bolts Heavy Hex Cap Screws 

Width Height 

Nominal Size Across Flats F Across Corners G Bolts H Screws H 

l/2 7/s 1 ,  %2 %6 
7 8  1 %6 115/64 "/64 'j/64 

3/4 1 '/4 1x6 l/2 l 5 h  

% 1x6 121/32 37/64 35/64 

1 1 5/8 1 7 8  43/64 '16 4 

1 I% 1 13/16 13/32 3/4 l%6 

1 l/4 2 2x6 2%2 25/32 

1 3/s 2%6 2l%2 29/32 2%2 

1% 23/8 23/4 1 '%6 

1 3/4 23/4 3 11/64 1% 1 % ~  
2 3 l/S 339/64 111/32 1%2 
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Nominal Dimensions of Heavy Hex 
Structural Bolts 

+I H !I+ 0.016 APPROX r -1 

Nominal Width Across 
Size E Flats F 

'/2 Va 
'/x 1%6 

3/i 1 l/4 

'/8 1% 
1 1 vu 
1 l / ~  113/16 

1% 2 
1 3/x 2 3/1 6 

1% 2 3/~ 

Width Across Head Height 
Corners G H 

1 % 6 

1 ' 7 6 4  25/64 

1 % 6  l%2 

lZ1/32 35/64 

1 39/64 

2 % ~  '%6 

2'/l6 25/3~ 
2 l % 2  2%2 

2;/4 % 6 

Thread 
Length T 

I 

, Appendix 409 

Nominal Dimensions of Hex Nuts, Hex Thick 
Nuts, and Hex Jam Nuts 

rH 7k 0.016 1 [ 
APPROX 

Thickness 

Nominal Width  Across Wid th  Across H e x  Nuts Thick Nuts l a m  Nuts 
Size E Flats F Corners G H H H 
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Nominal Dimensions of Square-Head Bolts 

25" APPROX 
/ 

Nominal Width Across Width Across Head Height 
Size E Flats F Corners G H 

3/s 9/16 51/64 Y4 

%6 5/8 57/64 I9A4 

'/2 3/i 1 %6 21/64 

S/s  '%6 1 1/64 27/64 

3/i 1 lh 119/32 

7 8  1 % 6  1% 19/32 

1 1% 2 1/S %2 

1% 11%6 225/64 3/i 
1 '/4 1 7/8 2"/32 27h 
1% 2 % 6  259k4  2?!32 

1% 2% 3 3/1 6 1 

1 Appendix 4 1 1 

Nominal Dimensions of Heavy Hex Nuts 
and Heavy Hex Jam Nuts 

Thickness 
Nominal Width Across Width Across 
Size Flats F Corners G Hex Nuts H Hex Jam Nuts H 

'h l/2 37/64 '764 ' '/64 

% 6 % 6 2%2 19h4  %4 

3/8 11/16 51/64 3/6 4 Y64 

% 6 3/4 55/64 37/64 '764 

l/2 7 8  1 '/64 31/64 19/64 

9/1 6 '%6 1 '/64 35/64 21/64 

5/8 11/16 1 7 3 2  3%4 23/64 

3/4 1 l/i 1 x 6  47/64 27/64 

% 1 % 6  12%2 55/64 31/64 

1 1% 1% 3/64 5/64 

1 l/8 11%6 23/32 17/64 39/64 

1 '/i 2 Z5/16 1 3 2  23h 
1% 2 % 6  2 l % 2  11%2 25/32 

1% 2% 2% 11%2 27/32 
1 5/8 29/16 z6'/64 1 19/32 29/32 

1 3/i z3/4 3 '/64 123/32 3%2 

1 7 8  2 1 % ~  325/64 12%2 1 %2 

2 3 l/8 339k4  13'/32 1 3/3 2 
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Nominal Dimensions of Square Nuts and Heavy 
Square Nuts 

SQUARE NUTS HEAVY SQUARE NUTS 

Square Nuts Heavy Square Nuts 

Width Across Flats Width Across Corners Thickness 

Nominal Regular Heavy Regular Heavy Regular Heavy 
Size F F G G H H 

Appendix 41 3 

Nominal Dimensions of Lag Screws 

GIMLET POINT CONE POINT 

ox 

Nominal Width Across 
Size E Flats F 

9/32 

l/4 3/8 

%6 Y2 

3/8 9/16 

% 6 7 8  

l/2 3/4 

7 8  '%6 

3/4 1 l/8 

7/s I % ~  

Width Across 
Corners G Head Height H 
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American Standard Machine Screws* (Heads May 
Be Slotted or Recessed) 

ROUND HEAD FLAT HEAD FlLlSTER HEAD OVAL HEAD TRUSS HEAD 

Round Head Flat Head Filister Head Oval Head Truss Head 
Nominal 
Diameter A H A A H 0 A C A H 

0 0.113 0.053 0.119 0.096 0.045 0.059 0.119 0.021 
1 0.138 0.061 0.146 0.118 0.053 0.071 0.146 0.025 0.194 0.053 
2 0.162 0.069 0.172 0.140 0.062 0.083 0.172 0.029 0.226 0.061 
3 0.187 0.078 0.199 0.161 0.070 0.095 0.199 0.033 0.257 0.069 
4 0.211 0.086 0.225 0.183 0.079 0.107 0.225 0.037 0.289 0.078 
5 0.236 0.095 0.252 0.205 0.088 0.120 0.252 0.041 0.321 0.086 
6 0.260 0.103 0.279 0.226 0.096 0.132 0.279 0.045 0.352 0.094 
8 0.309 0.120 0.332 0.270 0.113 0.0156 0.0332 0.052 0.384 0.102 
10 0.359 0.137 0.385 0.313 0.130 0.180 0.385 0.060 0.448 0.118 
12 0.408 0.153 0.438 0.357 0.148 0.205 0.438 0.068 0.511 0.134 
'/4 0.472 0.175 0.507 0.414 0.170 0.237 0.507 0.079 0.573 0.150 
%6 0.590 0.216 0.635 0.518 0.211 0.295 0.635 0.099 0.698 0.183 
3/s 0.708 0.256 0.762 0.622 0.253 0.355 0.762 0.117 0.823 0.215 
%6 0.750 0.328 0.812 0.625 0.265 0.368 0.812 0.122 0.948 0.248 
Y2 0.813 0.355 0.875 0.750 0.297 0.412 0.875 0.131 1.073 0.280 
9/16 0.938 0.410 1.000 0.812 0.336 0.466 1.000 0.150 1.198 0.312 
5/8 1.000 0.438 1.125 0.875 0.375 0.521 1.125 0.169 1.323 0.345 
3/4 1.250 0.547 1.375 1.000 0.441 0.612 1.375 0.206 1.573 0.410 

Appendix 415 

BINDING HEAD PAN HEAD PAN HEAD (RECESSED) HEXAGON HEAD 100" FLAT HEAD 

100" 
Hexagon Flat 

Binding Head Pan Head Head Head 
Nominal 
D i a m e t e r A  0 F U A H 0 A H A 

2 0.181 0.046 0.018 0.141 0.167 0.053 0.062 0.125 0.050 
3 0.208 0.054 0.022 0.162 0.193 0.060 0.071 0.187 0.055 
4 0.235 0.063 0.025 0.184 0.219 0.068 0.080 0.187 0.060 0.225 
5 0.263 0.071 0.029 0.205 0.245 0.075 0.089 0.187 0.070 
6 0.290 0.080 0.032 0.226 0.270 0.082 0.097 0.250 0.080 0.279 
8 0.344 0.097 0.039 0.269 0.322 0.096 0.115 0.250 0.110 0.332 
10 0.399 0.114 0.045 0.312 0.373 0.110 0.133 0.312 0.120 0.385 
12 0.454 0.130 0.052 0.354 0.425 0.125 0.151 0.312 0.155 
'/4 0.513 0.153 0.061 0.410 0.492 0.144 0.175 0.375 0.190 0.507 
%6 0.641 0.193 0.077 0.513 0.615 0.178 0.218 0.500 0.230 0.635 
3/s 0.769 0.234 0.094 0.615 0.740 0.212 0.261 0.562 0.295 0.762 

*ANSI B 18.6- 1972. Dimensions given ore maxmum values, all in inches.Threod length: screws 2 in. long or 
less, thread entire 1ength;screws over 2 in, long, threod length = 1 %  in.Threads are coarse or fine series, class 2. 
Heads may be slotted or. recessed as specified, excepung hexagon form, which 1s plain or may be slotted if so 
specified. Slot and recess proportions vary with size of fostener; draw to look well. 
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English to Metric Conversion Table 
- - 

Decimals to  Millimeters Fractions t o  Decimals t o  Millimeters 

Decimal mm Decimal mm Fraction Decimal mm Fraction Decimal mm 

0.001 0.0254 0.200 5.0800 l/64 0.0156 0.3969 ''h 0.2656 6.7469 

Appendix 419 

(continued) 

Decimals to  Millimeters Fractions to  Decimals t o  Millimeters 

Decimal mm Decimal mm Fraction Decimal mm Fraction Decimal mm 

0.590 14.9860 0.820 20.8280 '%z 
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Decimal Equivalents, Squares, Cubes, Square and 1 (conrinued) 

Cube Roots, and Circumferences and Areas of i Decimal square Cube Circle* 

Circles (from '/64 to  Inch) 
I 

I 
Fraction Equivalent Square Root Cube Root Circumference Area 

29k4 0.453125 0.2053223 0.673146 0.093037 0.76808 1.42353 0.161260 
Circle* 15/12 0.46875 0.2197266 0.684653 0.102997 0.77681 1.47262 0.172573 

Decimal Square Cube 
Fraction Equivalent Square Root Cube Root Circumference Area 0.484375 0.2346191 0.695971 0.113644 0.78535 1.52171 0.184269 

0.5 0.25 0.707107 0.125 0.79370 1.57080 0.196350 

%octron rearesents drorneter 
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Decimal Equivalents, Squares, Cubes, Square and 
Cube Roots, and Circumferences and Areas of 
Circles (from 4'/64 to I Inch) 

Circlef 

Decimal Square Cube 
Fraction Equivalent Square Root Cube Root Circumference Area 

0.640625 0.410400 0.800391 0.262913 0.8620.5 2.01258 .322328 

*Fractron represents diameter 

Appendix 423 

Screw Threads and Tap Drill Sizes 

NC or ASME Special Machine Screws NF or ASME Special Machine Screws 

Size of Threads Tap Body Size of Threads Tap Body 

TOP per Inch Drill Drill Tap per Inch Drill Drill 

1 64 53 48 2 64 50 44 
2 56 50 44 3 56 45 39 
3 48 47 39 4 48 42 33 
4 40 43 33 5 44 37 '/a 

5 40 38 '/a 6 40 33 28 
6 32 36 28 8 3 6 29 19 
8 32 29 19 10 3 2 21 11 
10 24 25 11 10:t 3 0 22 11 
12 24 16 %2 12 2 8 14 7/32 

American Standard Taper Pipe Threads NF or SAE Standard Screws 

Size of Threads per Tap Size of Threads per Tap 

Tap Inch Drill Tap Inch Drill 

*ASME only Tap drills allow approx. 75% full thead. 
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Number and Letter Sizes of Drills with Decimal 
Equivalents* 

Drill Drill Drill 
No. Fractional Decimal No. Fractional Decimal No. Fractional Decimal 

0.0135 48 - 0.0760 18 - 0.170 

Appendix 425 

(continued) 

Drill Drill Drill 
No. Fraction01 Decimal No. Froctional Decimal No. Fractional Decimal 

-- 

*Sizes start with N o  80 and go up to I mch. This toble a useful for quickly determinrng the nearest drill slze for 
any decmol, for root d~ameters, body drills, etc. 



Index 

A 
abrasive blasting, 358, 363 
abrasive machining, 34, 35, 36 
abrasive metal finishing, 353-363 

abrasive blasting, 358-359 
barrel and vibratory tanks, 359, 

363 
belt sanders, 359-361 
grinding, types of, 353 
grinding wheels, 355-358 
safety and, 362-363 

abrasives, ultrasonic machining, 
379-380 

abrasive tumbling, 359, 363 
abrasive wheel, 356 
Acme screw threads, 167, 169, 

183, 192 
air-hydraulic vise, 75 
allowance, 172-173 
alternate-set saw blade, 7 
aluminum, cutting, 9 
American National screw thread 

forms, 168, 192 
American Standard Acme screw 

threads, 169 
American Standard Association, 

168 
American Standard buttress 

screwthreads, 170 
American Standard cap screws, 

416 
American Standard for Unified 

miniature screw threads, 170 
American Standard for Unified 

screw threads, 168-169 
American Standard hexagon 

socket, slotted headless, and 
square-head setscrews, 
414-415 

American Standard machine 
screws, 413-414 

American Standard Stub Acme 
screw threads, 169 

angle of thread, 173 
angle plate, 77-78, 151 
angular indexing, 297 
apron, lathe, 115, 118, 119 
arbors, mounting, 250-253 
arm, robot, 390-391 
automatic-cycle drilling, 64 
automatic-cycle tapping, 64 
automatic drilling machines, 

63-64 
automatic cycling, 64 
dial-type limit-setting controls, 

63-64, 65 
uses of. 63 , ~ 

automatic feed. See power 
feed 

automatic feed stops, 198-200, 
207 

ball-type cross-feed stop, 
199-200,207 

carriage stops, 198-199 
cross-slide stop, 199-200 
micrometer carriage stop, 198, 

207 
automatic power feed, shapers, 

304 
automatic reverse feed handle 

control, 66, 68 
automatic tool changer, 26 
axis of screw, 174 

B 
back-geared drill press, 45, 46 
back-geared lathe, 110 
back gears, drill press, 40,42 
backlash, 320 
ball center, 128 
ball-type cross-feed stop, 

199-200,207 
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band saws, power, 4-18,22 
average speeds and cutting rates, 

14-16 
basic construction of, 4-7 
blades, 6-8,22 
capacity, 6 
classification of, 4-5 
common problems and their 

connections, 12-14 
cutting fluids, recommended, 

10-12,22 
feeds, 12,23 
friction cutting speeds for 

common metals, 17-1 8 
and hacksaws compared, 6 
operation of, 7-1 8 

bar machines, 210,231 
barrel finishing, 359, 360, 361, 

363 
base 

drill press, 44, 49 
robot, 390 
shaper, 302, 323 

base of thread, 174 
basic, 174 
bed 

lathe, 110, 111 
planer, 325, 339 

bed turret, 204,206,208 
bed-type milling machines, 

238-239 
belt sanders, 359, 361, 363 
bench grinder, 354 
bench-type sensitive drill press, 39, 

40,44,49 
bent-tail dog, 130 
Bickford radial drilling machine, 

60, 61, 68, 72 
Bickford upright drilling machine, 

64,65 
blades 

alternate-set, 7 
circular saws, 19-22, 23 
flexlble, 2 
hook-tooth, 6-7, 16 
pitch selection, 21 
power band saws, 6-8,22 

power hacksaws, 2-3,22 
raker-set, 7, 15  
skip-tooth, 6 
speeds and, 14 ,21  
spindle speeds, 22 
teeth per inch, 20-21 
tooth sets for, 7 

block indexing, 298, 299 
boring 

defined, 155, 164 
drill press, 30, 71, 81 
horizontal boring machine, 

94-104,105-106 
on lathes, 155, 164,220 
vertical boring mill, 85-87 

braces, 310-311, 312 
brass, cutting, 4, 261 
broaches, 33 
bronze, cutting, 4 
buffing, 71  
bull gear, 304, 329 
burring, 71 
buttress screw thread form, 167, 

170 

C 
camlock spindle, 120, 121 
capacitor discharge machining, 35 
carbon steel, colors and 

approximate temperatures of, 
406 

carriage, lathes, 109, 113, 115, 
151-153 

carriage stops, 198-199 
cast iron, cutting, 9,22,261, 299 
center drilling, 139-140, 141, 

142,164 
centerless grinding, 359 
center punch, drill, 51 
centers, lathe, 126-129, 318 
alignment of, 138-139 
chamfor, 191 
change-gear ratio, calculating, 

177 
change gears, 177-1 82 

compound gearing, 177, 178, 
179-182 

for differential indexing, 
295-296 

quick-change gear lathes, 
182-183 

selecting, 276 
setting up, 278 
simple gearing, 177-179 

chucks 
attaching, 120-121 
collets, 125, 126, 214, 220, 

232 
drill press, 49, 71-72, 73, 81 
four-jaw (independent), 122-123 
lathes, 119-125 
three-jaw (universal), 121-122 
turret lathes, 214,221,222 
use of, pointers on, 123-124 
vertical boring mill, 89 

chucking machines, 210,231 
chuck-unchuck lever, 214,232 
circular saws, 18-22,23 

advantages of, 18 ,23 
blades, 19-22,23 
cutting speed, 21 
nonferrous saw, 18-19,20 
vises and, 19  

clamp dog, 130 
clamps 

in machining operations, general, 
78-79 

in milling machine operations, 
243 

in planing operations, 332, 339 
and shapers, 306-308 

Clausing machine vise, 75 
clearance 

crest, 175 
zero front, 143, 164 

clearance angle, cutters, 248-249 
climb milling, 253-254 
coarse-thread screw thread series 

(UNC), 171-172 
cold extrusion, 35, 36 
collet chuck, 214, 220, 232 
collets, 125, 126, 220 
columns, planer, 327 
combustion machining, 35 
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compound angular indexing, 
297-298,299 

compound differential indexing, 
294-295 

compound gears, 177, 178, 
179-181 

compound indexing, 289-294, 
299 

index circles, determining which 
to use, 292-294 

negative compounding, 291-292 
and plain indexing combined, 

294 
positive compounding, 290 
uses of, 289,293 

compound rest, 113,116-117 
in cutting screw threads, 187 
taper turning with, 161-162 

compounding 
negative, 291-292 

., positive, 290 
computers, applications for 

machinists, 36-37, 397-402, 
403 

conventional milling, 253 
coolants 

for milling machine operations, 
261,265 

for power band saws, 5-6,9 
for power hacksaws, 2 

core diameter, 175 
counterboring, 49, 66 
countersinking, 49, 66, 69 
crest, 175 
crest clearance, 175 
crossrail 

planers, 327-328, 339 
shapers, 302, 323 

cross slide, 113, 115,223 
cross-slide carriage, 113,213-214 
cross-slide stop, 199-200 
crotch center, 129, 154 
cutters 

clearance angle, 248-249 
double-angle, 246 
end mill, 246 
fly, 246 
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cutters (continued) 
formed, 246 
half side, 246 
helical, 246 
holding devices for, 71-74 
inserted-tooth, 246 
interlocking side, 246 
laser (light beam), 35 
location of, 254-255 
mounting, 250-253 
nicked, 246 
plain, 246 
rotation, direction of, 253-254 
selecting, 246-247 
sharpening, 247-249 
side, 246 
single-angle, 246 
slitting, 247 
slotting, 247 
speed. See cutting speeds 
types, compared, 247 
ultrasonic, 382 

cutting fluids, recommended, 
10-11,22 

cutting oil, screw threads, 188 
cutting performance, ultrasonics 

and, 382-385 
cutting speeds 

circular saws, 21 
for common metals, 17-1 8 
lathes, 135-137, 164 
milling machines, 255-257 
power hacksaws, 4 
shapers, 321-323 
slotters, 350-351 

cutting tools 
diamond-impregnated, 385 
on lathes, 143-145 
new developments in, 385 
on planers, 331-332,338-339 
screw threads, 183-1 87, 192 
scriber, 350, 352 
shapers, 305,323 
slotters, 349-350, 352 

cutoff operations, turret lathe, 
219-220 

cutoff slide, vertical, 219 

cutoff tool, 149,218 
cutoff toolholder, 229 

D 
Dardelet thread, 170 
dead center, 126-127 
decimal equivalents, squares, 

cubes, square and cube roots, 
and circumferences and areas 
of circles 

from 1/64 to 518 inch, 418-419 
from 41/64 to 1 inch, 420 

depth of engagement, 175 
depth of thread, 175 
dial-type limit-setting automatic 

drilling controls, 63-64, 65 
diamond tool, 356 
differential indexing, 294-296, 

299 
change gears, selecting, 

295-296 
compound, 295 
gear arrangement, 294 
simple, 295 

direct indexing, 282-284, 
298-299 

dividing heads 
calculating indexing on, 

286-289 
classification of, 268-275, 278 
defined, 267, 278,281 
and driving mechanism, 

275-278 
helical, 272-275, 278 
indexing, 281-298 
plain, 268-269, 270, 274, 278 
plain indexing with, 284-286 
power rapid traverse and, 276, 

278 
setting up, 272,275-278 
sizes, 278 
types of, 268,278 
universal, 262, 263, 269-272, 

278 
uses of, 267, 278 

double-angle cutter, 246 
double-column planer, 325, 338 

double depth (DD), screw threads, 
176 

double-diameter mandrel, 131 
double-tool cross slide, 223, 225, 

226,227 
draw collet chuck, 125 
drill drift, 72, 74 
drilling, 30-31, 36 

automatic-cycle, 64 
on automatic machines, 63-64 
center, 139-140, 141, 142, 

164 
deep hole, 230 
defined, 51, 80 
on lathes, 153-154 
precision, 63 
rotary, 382 
on turret lathe, 217 
using twist drills, 51-63 
ultrasonic, 380-382 

drilling machines, 39-49 
automatic, 63-64 
back-geared, 45,46 
Bickford radial, 60, 61, 68, 72 
Bickford upright, 64, 65 
defined, 39 
dial-type limit-setting controls, 

63-64,65 
gang machines, 45,46,48,49 
holding devices, 71-80 
horizontal-spindle, 45 
multi-spindle, 45, 48 
radial drill press, 45-48, 49 
sensitive drill press, 41, 45 
single-spindle, 45 
types of, 45-48,49 
variable-speed upright drill 

press, 45,46 
vertical-spindle, 45 

drilling operations, 30-31, 36, 
51-63 

automatic machines, drilling on, 
63-64 

boring, 30, 71, 81 
counterboring, 49, 66,69 
countersinking, 49, 66, 69 
defined, 80 

drills, decimal and metric 
equivalents o f ,  53-55, 
422-423 

feed and speed, 59-63 
grinding and buffing, 71 
mortising, 71, 81 
reaming, 49, 70-71 
safety, 79-80 
spot-facing operation, 66, 69-70 
suggestions for, 59 
tapping, 49, 64-66, 67, 68 
trepanning, 71, 72, 81 
twist drill, 52-58 

drill press 
back-geared, 45,46 
back gears on, 40,42 
base, 44,49 
basic construction of, 39-45 
bench-type sensitive, 39,40,44, 

49 
boring on, 30,71, 81 
capacity, 44-45 
chucks, 49,71-72, 73, 81 
defined, 39,49 
drilling, 51-63 
feed, 44,49 
floor-type sensitive, 39, 41, 49 
head, 39,42,45,49 
holding devices, 71-80 
manual-feed, 45 
operations performed on, 49, 

51-80 
parts of, 49 
radial, 45-48, 49 
rating, 44-45 
sensitive, 41, 45 
spindle, 39-40,43,49 
successful operation of, 49 
table, 43,46,49 
turning, 31-32,36 
variable speed upright, 42,45, 

46 
V-belt, 39, 49 

drills 
center punch, 51 
decimal and metric equivalents 

of, 53-55 
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drills (continued) 
drift, 72, 74 
feed of, 49 
fractional, cutting speeds, 62 
number and letter sizes with 

decimal equivalents, 
4 2 2 4 2 3  

sleeve, 72, 74 
socket, 72,74 

drills, twist, 52-58 
center drill, 57 
cutting edges, 57-58 
elements of, 52 
feed and speed, 59-63 
grounding of, 57-58 
high-helix, 56 
low-helix, 56 
oil-hole, 57  
parts of, 53 
procedures for using, 59, 80-81 
sizes, 53-54 
starting drill, 57 
straight-flute, 55 
straight-shank, 55, 56 
types and applications, 55-57 
uses of, 52-53 

drill sleeve, 72, 74 
drill socket, 72, 74 
driver plate, 113, 114 
driving mechanism, set up, 

275-278 
drop hammer, 35,36 
double-ram vertical boring mill, 

8 3 
double-station vertical boring mill, 

8 3 
duplex milling machine, 239, 240 

E 
eccentric, 156-157, 158 
eccentricity, 156 
electrical discharge machining 

(EDM) process, 35, 36, 
369-376,377 

applications of, examples, 
374-375 

basic principle of, 370 

defined, 370-371 
machine operations, 371-373 
operations performed, 373-376 
uses of, 369 

electrochemical machining (ECM) 
process, 35, 365-369 

advantage of, 376-377 
basic principle of, 366 
defined, 366-367 
machine operations, 367-368 
operations performed, 368-369 
uses of, 365-366,376 

electrochemical milling, 36 
electrode, 370 
electroerosion, 370, 377 
electroforming, 365-377 

electrical discharge machining 
(EDM) process, 369-376 

electrochemical machining 
(ECM) process, 365-369 

uses of, 373, 376 
electrolytic machining, 35 
electron beam machining, 35,36 
electronic computers, applications, 

36-37,397402,403 
electrospark forming, 35, 36 
electrospark machining, 

370,377 
enclosed standard-lead driving 

mechanism, 275 
end mill, 246 
English to metric conversion table, 

417-418 
even-geared lathe, 177 
explosive forming, 35 
external thread, 175, 185-1 87 
extra-fine thread screw thread 

series (UNEF), 172, 174 

F 
faceplates, lathes, 125-126, 

149-150,164 
facing operation, lathes, 

140-142 
feed(s) 

drill, 49 
drill press, 44, 49 

lathe operations, 137-138 
milling machines, 257-261, 

265 
power band saws, 12,23 
shapers, 321 
dotters, 350-35 1 

feed stops 
automatic, 198-200,207 
ball-type cross-feed, 199-200, 

207 
carriage, 198-199 
cross-slide, 199-200 
micrometer carriage,lY 8, 207 

female center, 128 
ferrous metals, cutting, 22 
filing, on the lathe, 162-163 
fine-thread screw thread series 

(UNF), 172,173 
fine-tooth cutters, 247 
finishing cuts, lathes, 140, 

146-148 
fission fragment exposure and 

etching, 35 
flexible blades, 2 
floor-type horizontal boring 

machines, 94 
floor-type sensitive drill press, 39, 

41.49 
fly cutter, 246 
follower rest, 195, 196, 207 
forging machine, 35, 36 
formed cutter, 246 
four-jaw (independent) chucks, 

122-123 
four-position length and depth 

stop, 198-199 
four-position stop roll attachment, 

214-215 
form-relief grinder, 354 
fractional drills, cutting speeds, 

62 
friction cutting speeds, common 

metals, 17-1 8 
friction sawing, 17-1 8, 23 
friction-type tapping attachment, 

66 
full diameter, 175 
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G 
gang drilling machines, 45, 46, 48, 

49 
gap-bed lathe, 110 
gas forming, 35 
gear cutting, indexing for, 298 
gear-cutting attachment, 204,207 
geared-head lathe, 112 
grinders 

bench, 353,354 
diagram of, 353 
form-relief, 354 
pedestal, 353 
surface, hand-operated, 355 
ultrasonic, 383 

grinding, 36, 71 
abrasives and, 382 
centerless, 359 
defined, 33-36 
honing, 35 
lapping, 35 
nonprecision, 353, 363 
precision, 353, 363 
surface, 357, 360 
types of, 353, 359 
ultrasonic, 382 

grinding attachment, 204,205 
grinding wheels, 355-358, 363 

dressers, 356 
faces, 356 
sizes and shapes, 355 
standard marking system, 358 
variations in, 356-357 

grippers, robot, 391, 394 

H 
hacksaws, power, 1 4 , 2 2  

and band saws compared, 6 
basic construction, 1-3 
blades, 2-3,22 
capacity, 2 
cutting speed, 4 
operation of, 3 4  
safety features, 2 

half center, 129 
half side cutter, 246 
hand-operated surface grinder, 355 
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hand reaming, 70 
head 

drill press, 39, 42, 45, 49 
shaper, adjustment of, 320 
vertical boring mill, 85 
vertically adjustable, horizontal 

boring machines, 95-97 
headstock 

lathes, general, 110-1 13 
turret lathes, 211,231 

heavy hex bolts, nominal 
dimensions of, 407408  

heavy hex cap screws, nominal 
dimensions of, 407408  

heavy hex jam nuts, nominal 
dimensions of, 4 1 0 4 1  1 

heavy hex nuts, nominal 
dimensions of, 410411  

heavy hex structural bolts, 
nominal dimensions of, 408 

heavy square nuts, nominal 
dimensions of, 411412  

helical cutter, 246 
helical dividing head, 272-275, 

278 
helix angle, 175 
hex bolts, nominal dimensions of, 

406407  
hex cap screws, nominal 

dimensions of, 406407  
hex jam nuts, nominal dimensions 

of, 409 
hex nuts, nominal dimensions of, 

409 
hex thick nuts, nominal 

dimensions of, 409 
high-helix twist drill, 56 
hobbing machines, 33 
holding devices, 74-80, 195-198 

angle plate, 77-78 
chucks, 71-72, 73,119-125 
for circular workpiece, 3 11-3 13 
clamps, 78-79,306-308,332, 

339 
for cutters, 71-74 
for drilling machines, 71-80 
faceplates, 125-126 

follower rest, 195,196,207 
lathe centers, 126-129 
lathe dogs, 113,129-130, 

142-143 
mandrels, 130-13 1 
milling machines, 242-246 
parallels, 75, 77 
for planers, 332, 339 
for shaper operations, 

305-318 
sleeves and sockets, 72,74 
steady rest, 195-198, 207 
step blocks, 79 
straps, 78-79 
T-bolts, 78,306 
tool or cutter holders, 71-74 
V-blocks, 76-77 
during vertical boring mill 

operations, 87-89 
vise, 2, 3, 5,74-75,76, 314 
for work and setup, 74-80 

hole-type stop pins, 309 
honing, 34,49 
hook-tooth saw blades, 6-7, 16 
horizontal boring machines, 

94-104,105-106 
basic construction of, 95-99 
boring on, 103-104 
classification of, 94-95 
drilling with a jig, 101-102 
drilling without a jig, 99-101 
facing, 104-105 
operations, 99-105 
rating, 95 
uses of, 94, 95 
vertically adjustable head, 

95-97 
vertically adjustable table, 

97-99 
horizontal-spindle drilling 

machines, 45 
horizontal turret lathe, 

210,231 
hot machining, 35 
hydraulic power slide, 202 
hydraulic press, 34, 36 
hydroforming, 35 

I 
inclined slot-type stop pins, 309 
index center, 267 
index circles, determining which 

to use. 292-294 
index crank, 268,274,281, 285, 

299 
index head, 267,281. See also 

dividing heads 
indexing 

angular, 297 
block, 298, 299 
calculation of, 286-289 
compound, 289-294,299 
compound angular, 297-298,299 
compound differential, 294-295 
defined, 281 
determining which circles to use, 

292-294 
differential, 294-296, 299 
direct, 282-284,298-299 
methods of, 282-298 
multiple, 298, 299 
plain, 284-289,299 
rapid, 282-284,298-299 
simple differential, 294-295 
zero hole, 268, 283-284 

indexing plate, 281,298 
index pin, 268,285 
index plate(s) 

defined, 119,281-282 
and dividing heads, 264, 268, 

274,298-299 
diagram of, 283 
holes in, 284 

index plate stop, 285-286 
index wheel, 281, 298 
industrial robot, 389 
inserted-tooth cutter, 246 
inside diameter, 175 
interlocking side cutter, 246 
internal thread, 175, 186-187 
International Metric thread 

system, 170 

J 
jacks, 243 
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K 
key-drive spindle, 120, 121 
knee-and-column milling 

machines, 233-236, 240 
knurling, 155-1 56 

L 
lag screws, nominal dimensions of, 

412 
lapping, defined, 34 
lard oil, as coolant, 261 
laser (light beam) cutting, 35 
lathe attachments, 195-208 

automatic devices, 207 
automatic feed stops, 198-200 
bed turret, 204, 206,208 
carriage stops, 198-199 
cross-slide stop, 199-200 
follower rest, 195, 196 . . 
gear-cutting attachment, 204, 

207 - 

ginding attachment, 204, 205 
micrometer carriage stop, 198, 

207 
milling attachment, 203-204, 

207 
steady rest, 195-198,207 
swivel taper bar, 201 
tailstock turret, 205-207,208 
taper attachment, 200-202, 

207 
tool-post grinder, 204,205, 

207-208 
tool-post turret, 207, 208 
tracer attachment, 202-203, 

207-208 
turret attachments, 204-207, 

208 
work support devices, 

195-198 
lathe bed, 107, 109, 110, 11 1 
lathe carriage, 109, 113, 115, 

151-153 
lathe centers, 126-129 

alignment of, 138-139 
lathe dogs, 113, 129-130, 

142-143 



436 lndex 

lathe operations, 31, 135-165 
alignment of lathe centers, 

138-139 
boring, 155 
center drilling, 139-140, 164 
center holes, importance of, 139, 

164 
cutoff tool, 149 
cutting speeds, 135-137, 164 
cutting tool, height of, 143-145, 

164 
depth of cut, 138 
drilling, 153-154 
facing, 140-142 
feed, 137-138 
filing, 162-163 
finishing cuts, 140, 146-149 
finishing tool, application of, 

147-148 
knurling, 155-156 
left-hand tools, 148 
leveling and, 135 
mounting on centers, 142-143 
planning, importance of, 

163-164 
precision of, 163 
premachining, 135-140, 164 
proficiency in, 135 
reaming, 154-155 
roughing cuts, 140, 145-146 
taper turning, 157-163, 164 
turning, 142-157, 164,224, 

225 
turning an eccentric, 156-157 
work mounted on the angle 

plate, 151 
work mounted on the carriage, 

151-153 
work mounted on the faceplate, 

149-150,164 
lathes, 31, 36, 107-132 

apron, 115,118, 119 
attachments, 195-208 
back-geared, 110 
basic construction of, 110-1 19 
bed, 110,111 
boring on, 155, 164,220 

carriage, 109, 113, 115, 
151-153 

centers, 126-129,138-139, 318 
chucks, 119-125 
compound rest, 113,116-117 
cross slide, 113, 115 
cutting tools on, 143-145 
design and functions, 107 
dogs, 113,129-130,142-143 
driver plate, 113, 114 
even-geared, 177 
faceplates, 125-126, 149-150, 

164 
facing operation, 140-142 
feed mechanism, 11 8-1 19 
functional diagram of, 108 
headstock, 110-1 13 
holding devices, 119-13 1 
index plate, 119 
lead screw, 118, 119 
length of the bed, 107 
mandrels, 130-13 1 
multiple-spindle, 132 
multiple-tool, 132 
odd-geared, 177 
parts of, 132 
quick-change gearbox, 119, 120, 

182.185 
reaming on, 154-155 
reversing lever, 119 
saddle, 115, 116 
size of, 107-109, 132 
spindle, 112-1 13 
swing, 107-108,132 
tailstock, 113, 114 
thread-cutting on, 118-1 19, 

167-192 
tool post, 115, 116-117 
tool-room, 110 
turret, 3 1 
types of, 109-110, 132 
ways, 110, 111, 112 
See also turret lathes 

lead, screw threads, 175 
lead screw, lathe, 118, 119 
length-measuring attachment, 199, 

200 

length of engagement, 175 
length of the lathe bed, 107 
left-hand turning tools, 148 
limits, 175 
live center, 126-127 
loose pulleys, 330 
low-helix twist drill, 56 
lubrication 

for milling machines, 242 

M 
machine reaming, 70-71 
machine shop electronics 

applications, 3 89 
computerized measurements 

with Ultra-Digit, 397-402 
robots, 389-397 

machine tools 
automatic tool changer, 26 
basic operations, 25-36 
boring, 30 
classification of, 30 
complexity of, 25 
design of, 25 
developments in, 35, 36-37 
drilling 30, 36 
evolution of, 25, 36 
grinding, 33-36 
metal forming, 36 
milling, 32, 36 
numerically controlled, 25 
operation of, illustrated, 26-29 
planing, 33, 36 
quill uplquill down position, 27 
reaming, 31 
tapping, 31 
technology and, 25 
turning, 3 1-32, 36 
vertical spindle machining center, 

2 6 
magnetic forming, 35,36 
major diameter, 175 
mandrels 

double-diameter, 131 
lathes, 130-131 
straight-lathe, 13  1 
tapered, 131 
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manipulator, robots, 390, 393 
manual-feed drill press, 45 
maximum allowance, 173 
mechanical dresser, 356 
mechanical press, 34,36 
metal forming, 34,36 

tools needed for, 34-35, 36 
metals, friction cutting speeds for, 

17-1 8 
micrometer carriage stop, 198, 

207 
micrometer table attachment, 

milling machines, 264, 265 
milling, 32, 36 
milling attachment, 203-204, 

207 
milling cutters, 247 

sharpening, 247-249 
milling machine operations, 

241-265 
attachments and accessories, 

263-265 
cleaning the machine, 242,265 
climb milling, 253-254 
conventional milling, 253 
coolants, 261,265 
cutter rotation, direction of, 

253-254 
feeds, 257-261,265 
locating the cutter, 254-255 
machining operations, 242, 

261-263 
mounting the cutter and arbor, 

250-253 
mounting the workpiece, 

242-246,265 
oiling the machine, 242,266 
preliminary operations, 242 
safety, 241, 265 
selecting the cutter, 246-247 
sharpening milling cutters, 

247-249 
speeds, 255-257,265 
taking the milling cut, 

261-263 
milling machines, 233-240 

adaptation, 233 
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milling machines (continued) 
attachments and accessories, 

263-265 
basic construction and 

classification, 233-239 
bed-type, 238-239 
cleaning, 242, 265 
coolants for, 261,265 
defined, 233, 239 
dividing heads, 267-278 
duplex, 239,240 
feed, 257-261,265 
hobbing machines, 32 
knee-and-column, 233-236, 240 
locating the cutter, 254-255 
micrometer table attachment, 

263,264 
mounting the cutter, 250-253 
mounting the work on, 

242-246,265 
oiling, 242, 265 
operation of, 233, 239-240 
plain, 235-237,240 
plain horizontal, 236-237 
planer type, 32 
selecting the cutter, 246-247 
sharpening the cutter, 247-250 
speed, 255-257,265 
spindle, 235 
spline mills, 238, 240 
thread mills, 238,240 
types of, 236-239 
universal, 237,238 
universal dividing head, 262, 

263 
uses of, 233,240 
vertical, 237, 239 
vertical milling attachments, 265 

minimum allowance, 173 
minor diameter, 175 
mortising, 71, 81 
motor reverse control 

(for tapping), 66, 67 
multiple indexing, 298, 299 
multiple-spindle lathe, 132 
multiple toolholder, 228 
multiple-tool lathe, 132 

multi-spindle drilling machines, 
45,48 

N 
negative compounding, 291-22 
neutral space, 175 
nicked cutter, 246 
nominal swing, 107 
nonferrous saws, 18-19,20 
nonprecision grinding, 353, 363 
number and letter sizes of drills 

with decimal equivalents, 
422423  

number of threads, 175 

0 
odd-geared lathe, 177 
offhand grinding. See 

nonprecision grinding 
offset slide, turret lathe, 212 
oil-hole twist drill, 57 
open-side planer, 325, 338 
outside diameter, 175 

P 
parallels, 75, 77, 314, 315 
pedestal grinder, 353 
pitch, 175 
pitch diameter, 175 
plain cutter, 246 
plain dividing head, 268-269, 

270,274,278 
plain horizontal milling machine, 

236 
plain indexing, 284-289, 299 

calculation of on the standard 
driving head, 286-289 

and compound indexing 
combined, 294 

defined, 284 
dividing-head sector, use of, 

284-286 
gearing arrangement, 284,299 

plain milling machines, 235-237, 
240 

plain slide, turret lathe, 211 
plain vise, 3 14, 3 15 

planers 
basic construction of, 325-331 
bed, 325,339 
broaches, 33 
clamping, 332, 339 
columns, 327, 339 
crossrail, 327-328,339 
cutting tools used on, 331-332, 

338-339 
defined, 33, 325, 338 
diagram of, 326 
double-column, 325, 338 
holding devices, 332, 339 
open and crossed-belt drive, 

330 
open-side, 325, 338 
operations, 332-338 
parts of, 339 
and shapers compared, 325,338 
size of, 325 
table, 328,339 
table drive, 329-331, 339 
toolhead, 328, 339 
types of, 325,338 
uses of, 325, 338 

planer-type milling machine, 33 
planing operations, 332-338 

at an angle, 334-337 
defined, 33, 36 
curved surfaces, 337 
helix (work on centers), 

337-338,339 
horizontal surfaces, 332-333 

plasma forming, 35 
~ositive compounding, 290 
power band saws, 4-18,22 

average speeds and cutting rates, 
14-16 

basic construction of, 4-7 
blades, 6-8,22 
capacity, 6 
classification of, 4-5 
common problems and their 

connections, 12-14 
cutting fluids, recommended, 

10-12 
feeds, 12,23 
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friction cutting speeds for 
common metals, 17-1 8 

and hacksaws compared, 6 
operation of, 7-18 

power feed, 44, 49 
power hacksaws, 1 4 , 2 2  

and band saws compared, 6 
basic construction, 1-3 
blades, 2-3, 23 
capacity, 2 
cutting speed, 4 
operation of, 3 4  
safety features, 2 

power rapid traverse, dividing 
heads, 276,278 

precision drilling, 63 
precision grinding, 353, 363 
profile (contour) sawing, 8-9 
punch press, 34, 36 

,-Q 
quick-change gearbox, 119, 120, 

182,185 
quick-change gear lathes, 182-183 
quill uplquill down position, 

machine tools, 27 

R 
dafd relationship, 382 
radial drill press, 4 5 4 8 ,  49 
raker-set saw blade, 7, 15 
ram(s) 

offset, 212 
plain, 21 1 
shapers, 304, 323 
slotters, 341 
universal, 212 

ram-type turret lathes, 210, 
211-212,231 

rapid indexing, 282-284,298-299 
rapid power traverse, slotters, 

350,352 
rapid-traverse cross-slide 

attachment, 215,216 
reaming 

defined, 3 1 ,49 
hand, 70 
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reaming (continued) 
on lathes, 154-155 
machine, 70-71 

reference materials, 405-423 
American Standard cap screws, 

416 
American Standard hexagon 

socket, slotted headless, and 
square-head setscrews, 
414-415 

American Standard machine 
screws, 413-414 

colors and approximate 
temperatures for carbon 
steel, 406 

decimal equivalents, squares, 
cubes, square and cube 
roots, and circumferences 
and areas of circles, (from 
1/64 to 518 inch), 418-419 

decimal equivalents, squares, 
cubes, square and cube 
roots. and circumferences 
and areas of circles, (from 
41/64 to 1 inch), 420 

English to metric conversion 
table. 417-418 

heavy hex bolts, nominal 
dimensions of, 407-408 

heavy hex cap screws, nominal 
dimensions of, 407-408 

heavy hex jam nuts, nominal 
dimensions of, 410-411 

heavy hex nuts, nominal 
dimensions of, 410-41 1 

heavy hex structural bolts, 
nominal dimensions of, 408 

heavy square nuts, nominal 
dimensions of, 411-412 

hex bolts, nominal dimensions 
of, 406-407 

hex cap screws, nominal 
dimensions of, 406-407 

hex jam nuts, nominal 
dimensions of, 409 

hex nuts, nominal dimensions of, 
409 

hex thick nuts, nominal 
dimensions of, 409 

lag screws, nominal dimensions 
of, 412 

number and letter sizes of drills 
with decimal equivalents, 
422-423 

screw threads and tap drill sizes, 
420-421 

square-head bolts, nominal 
dimensions of, 409-410 

square nuts, nominal dimensions 
of, 411-412 

reversing lever, 119 
robots 

applications, 36-37, 389 
arm, 390-391 
base, 390 
basic construction of, 390-395 
classification of, 389 
complete system, illustrated, 392 
grippers, 391, 394 
industrial, 389 
machining system, illustrated, 

390 
manipulator, 390, 393 
motion, 394 
parts of, 389 
power, 403 
teach pendant, 391 
uses of, 395-397,403 
workshop duties, 395-397 
wrist, 394 

root, screw threads, 177 
roughing cuts, lathes, 145-146 

S 
saddle 

lathes, 115, 116 
milling machines, 235 
shapers, 302, 323 

saddle-type turret lathes, 210-212, 
231 

safety 
abrasive metal finishing, 

362-363 
drilling, 79-80 

milling machine operations, 241, 
265 

power hacksaws, 2 
sanders, belt, 359, 361, 363 
saws 

circular, 18-22, 23 
power band, 4-18,22 
power hacksaws, 1-4 ,22  

screw thread(s) 
Acme, 167,169,183,192 
allowance, 172-173 
American National, 168, 192 
American Standard Buttress, 

167,170 
American Standard for Unified 

miniature, 170 
American Standard Stub Acme, 

169 
angle of thread, 173 
axis of screw, 174 
base of thread, 174 
basic, 174 
change-gear calculations, 

177-183 
coarse-thread series (UNC), 

171-172 
common forms of, 192 
crest, 175 
crest clearance, 175 
cutting, 188-191, 192 
cutting oil, 188 
cutting tool, 183-187, 192 
Dardelet, 170 
defined, 177 
depth of engagement, 175 
depth of thread, 175 
double depth (DD), 176 
external thread, 175 
extra-fine thread series (UNEF), 

172,174 
fine-thread series (UNF), 172, 

173 
finishing the end of, 191 
fitting and checking, 190-191 
forms, 167-170,192 
helix angle, 175 
internal thread, 175 

International Metric system, 170 
lead, 175 
left-hand, 167 
length of engagement, 175 
limits, 175 
major diameter, 175 
minor diameter, 175 
neutral space, 175 
number of threads, 175 
pitch, 17, 188 
pitch diameter, 175, 192 
right-hand, 167 
root, 177 
series, 171-172, 192 
setup for cutting, 195-1 88 
side of thread, 177 
square, 167, 169, 183-184, 

192 
systems, 167-172 
and tap drill sizes, table of, 

., 420-421 
terminology, 172-1 77 
thread-cutting operations, 

185-191 
thread-cutting tools, 183-1 85 
thread dial indicator, use of, 

190 
thread stop, use of, 189 
tolerance, 177 
translation, 167 
Unified, 167, 168-169, 192 
Whitworth standard, 167, 170, 

185,192 
screw thread forms 

Acme, 167,169,183,192 
American National, 168, 192 
buttress, 167, 170 
Dardelet thread, 170 
International Metric system, 170 
sharp-V, 167, 168, 183 
square, 167,169,183-184,192 
Stub Acme, 169 
translation, 167 
Unified, 167, 168-169, 170, 

192 
Whitworth standard, 167, 170, 

185,192 



442 lndex lndex 443 

screw thread series 
coarse-thread, (UNC), 171-172, 

192 
extra-fine thread (UNEF), 172, 

174,192 
fine-thread (UNF), 172, 173, 

192 
scriber, 350, 352 
sector, indexing, dividing head, 

268,284-285 
sensitive drill press, 41, 45 
shapers, 33,301-323 

adjusting the work, 318-319 
base, 302, 323 
basic construction of, 301-304 
basic diagram of, 303 
basic parts of, 323 
braces for tall castings, 3 10-311 
bull gear, 304 
clamping the work, 306-308 
crank type, 301, 323 
crossrail, 302, 323 
cutting speed, selecting proper, 

321-323 
cutting tools, selection of, 305, 

323 
defined, 301, 323 
feed, selecting proper, 321 
geared type, 301, 323 
head adjustment, 320 
holding circular workpieces, 

311-313 
holding devices, 305-3 18 
irregularly shaped work bolted 

indirectly to the table, 
313-314 

operations, 304-323 
parts of, 323 
and planers compared, 325, 338 
ram, 304,323 
saddle, 302, 323 
size of, 301, 323 
special fixtures, 317 
standard, 301, 323 
stop pins, 309 
stroke adjustment, 319-320 
table, 302, 304, 323 

table strip, 309-310, 311 
taking the cuts, 320-321 
toe dogs, 309, 310 
types of, 301,323 
universal, 301,302, 323 
uses of, 301 
vise and, 301, 314-317 
work bolted directly to the table, 

306 
work held by a vise, 314-316 
workpiece mounted between 

centers, 3 17-3 18 
sharp-V screw threads, 167, 168, 

183 
shear, 34, 36 
short and long lead attachment, 

275 
side cutter, 246 
side of thread, 177 
simple differential indexing, 

294295  
simple gears, 177-179 
simple indexing. See plain 

indexing 
single-angle cutter, 246 
single-ram vertical boring mill, 83 
single-spindle drilling machines, 

45 
single-station vertical boring mill, 

8 3 
skip-tooth saw blades, 6 
slide, vertical boring mill, 84 
slitting cutter, 247 
slotters 

adjusting stroke position and 
length of stroke, 343-349 

alignment of work, 344 
basic construction of, 341-342 
circular work, 346-349 
clamping the work, 343 
cutting tools, 349-350, 352 
defined, 33, 341, 351 
diagram of, 342 
feeds and speeds, 350-351 
operations, 342-349 
power-feed mechanism, 341 
ram, 341 

rapid power traverse, 350, 352 
speeds and feeds, 352 
straight or flat work, 344-345 
table, 341 
uses of, 341,351-352 

slotting, 33 
slotting cutter, 246 
slotting machine. See slotters 
soldering, ultrasonic, 385-387 
spark forming, 35 
speed 

circular saws, 21 
milling machines, 255-257,265 
milling on a lathe, 203 
power band saws, 14-18 
slotters. 350-351 
spindle; 40, 110-112, 113, 

222-223 
See also cutting speeds 

spindle 
angular indexing, 297 
camlock, 120,121 
compound angular indexing, 

297 
compound indexing, 289 
differential indexing, 294-295, 

299 
dividing heads, 268, 278 
drill press, 39-40,43,49 
indexing, general, 283 
key-drive, 120, 121 
lathes, 112-1 13 
milling machines, 235 
plain indexing, 284 
speed, 40, 110-112, 113, 

222-223 
spindle nose, 112-113, 120 
spiral cutter. See helical cutter 
spline mills, 238, 240 
spot-facing operation, 66, 69-70, 

101 
square-head bolts, nominal 

dimensions of, 409-410 
square nuts, nominal dimensions 

of, 411-412 
square screw thread form, 167, 

169,183-184,192 

starting drill, 57 
steady rest, 195-198, 207 
steel, cutting, 4,261 
step blocks, 79,243 
step chuck, 221,224 
stop pins, 309 

and table strip, 309-310, 311 
and toe dogs, 309.310 

straight dog, 129 
straight-flute twist drill, 55 
straight lathe mandrel, 131 
straight-shank twist drill, 55, 56 
straps, 78-79 
stroke adjustment screw, 319,343 
superprecision turret lathes, 215, 

217 
surface grinder, hand-operated, 

355 
surface grinding, 357, 360 
swarf, 379 
swing, 107-108,132 
swivel taper bar, 201 

T 
table 

drill press, 43,46,49 
planers, 328, 339 
shapers, 302, 304, 323 
slotters, 341 
vertical boring mill, 85 
vertically adjusted, horizontal 

boring machines, 97-99 
table drive, planers, 329-331, 339 
table strip, 309-310, 311 
table-type horizontal boring 

machines, 94 
tailstock, 113, 114 

alignment of, 139, 140 
setover, calculating, 159-1 61 

tailstock turret, 205-207,208 
tap drill sizes, screw threads and, 

table of, 420-421 
taper 

defined, 157, 164 
measurement of, 157,165 

taper attachment, 200-202,207, 
215,216 
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tapered drill sleeve, 72, 74 
tapered mandrel, 13 1 
taper per foot, 157, 158-159, 160 
taper turning, 91-92, 157-163, 

164 
with the compound rest, 

161-162 
lathe attachment for, 200-202 
tailstock setover method of, 128, 

20 1 
tapping, 31,49, 64-66, 68 

automatic, 64, 66 
defined, 64 
friction-type attachment for, 66 
motor-reverse control, 66, 67 

T-bolts, 78,306 
thread-cutting operations 

change-gear calculations, 
177-183 

cutting the threads, procedures 
for, 188-191 

fitting and checking threads, 
190-191 

lathes, 167-192,231 
preliminary setup for, 185-1 88 
resetting the threading tool, 190 
screw thread systems, 167-172 
terminology, 172-1 77 
thread dial indicator, use of, 190 
thread stop, use of, 189 
tools for, 183-185 

thread dial indicator, 190 
threaded spindle nose, 120 
threading tool, resetting, 190 
thread mills, 238,240 
thread stop, 189 
three-jaw (universal) chucks, 

121-122,221 
throw, 156 
tight pulleys, 330 
toe dogs, 309, 310 
tolerance, 177 
toolhead, planers, 328 
tool post, 115, 116-1 17 
tool-post grinder, 204,205, 

207-208 
tool-post turret, 207, 208 

tool-room lathe, 110 
tracer attachment, 202-203, 

207-208 
translation screw thread forms, 

167 
trepanning, 71, 72, 81 
troubleshooting 

power band saws, 12-14 
T-slots 

planer table, 329 
tool for cutting, 305,323 

turning 
with a drill press, 31-32, 36 
with lathes, 142-157, 164,224, 

225 
with vertical boring mills, 89-94 

turret(s) 
defined, 3 1,209 
on turret lathes, 212-213 

turret attachments, 204-207,208 
bed turret, 204,206,208 
four-position stop roll 

attachment, 214-215 
rapid-traverse cross-slide 

attachment, 215,216 
tailstock turret, 205-207, 208 
taper attachment, 215,216 
tool-post turret, 207,208 

turret lathes, 31, 132,209-232 
attachments, 214-215 
attachments, illustrations of, 

215,216-231 
automatic devices, 232 
basic construction of, 21 1-215 
boring operation on, 220 
chuck-unchuck lever, 214,232 
classification of, 210-21 1, 23 1 
collet chuck, 214, 220, 232 
cross-slide carriage, 213-214 
cutoff operations on, 21 8-219 
cutoff toolholder, 229 
deep hole drilling on, 230 
defined, 209 
double-tool cross slide, 223, 

225,226,227 
drilling operation on, 217 
evolution of, 209,23 1 

headstock, 21 1 ,231 
horizontal, 210,23 1 
internal turning operation on, 

218 
milling machines, 242-246 
multiple toolholder, 228 
objective of, 209 
parallels, 75, 77 
parts of, 211-213,231-232 
production threading on, 23 1 
ram-type, 210, 211-212,231 
rapid-traverse cross-slide 

attachment, 215 
saddle-type, 210-212,231 
spindle speed, controlling, 

222-223 
step chuck, 221,224 
superprecision, 215,217 
three-law chuck, 221 
turning operations on, 224, 

225 
vertical, 210, 23 1 

twist drills, 52-58 
center drill, 57 
cutting edges, 57-58 
elements of, 52 
feed and speed, 59-63 
grounding of, 57-58 
high-helix, 56 
low-helix, 56 
oil-hole, 57 
parts of, 53 
procedures for using, 59 
sizes, 53-54 
starting drill, 57  
straight-flute, 55 
straight-shank, 55, 56 
types and applications, 55-57 
uses of, 52-53 

U 
Ultra-digit computer system, 

397-402 
ROM chip, 399 
sample output from, 400,401 
statistical analysis (Stat-An) 

software program, 397,401 

system components, 397-398, 
399,402 

system printouts, 398-400 
ultrasonic cutter, 382 
ultrasonic cutting and forming, 35 
ultrasonics in metalworking 

abrasives, 379-3 80 
advantages of, 385 
cutting performance, 382-385 
drilling, 380-382, 387 
grinding and cutting, 382, 387 
machining, 379 
newer developments, 385 
soldering and welding, 385-387 
uses of, 379, 387 
welding and soldering, 387 

Unified screw threads, 167, 
168-169,192 

universal dividing head, 262,263, 
269-272,278 

'universal milling machines, 236, 
237,238,240 

diagram of, 234 
universal shaper, 301, 302, 323 
universal slide, turret lathe, 212 
universal tilting table, drill press, 

46,48,49 
universal vise, 244, 314, 316 
up-cutting, 253 

v 
variable-speed upright drill press, 

45,46 
V-belt, drill press, 39, 49 
V-blocks, 76-77, 3 16 
V-ways, 110, 112 
vertical boring mills, 83-94, 105 

basic construction of, 84-85 
boring, 85-87 
classification of, 83-84 
conical turning by combination 

of vertical and horizontal 
feeds, 92-94 

conical turning, 91-92 
flat and cylindrical turning, 

89-9 1 
head, 85 
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vertical boring mills (continued) 
holding the work, 87-89 
operations, 85-94 
size, 84, 105 
slides, 84 
swing, 84 
table, 85 
turning, 89-94 
uses of, 83 

vertical cutoff slide, 219 
vertical knee-and-column mills, 

237 
vertical milling attachments, 265 
vertical milling machine, 236,237, 

239 
vertical-spindle drilling machines, 

45 
vertical spindle machining center, 

26 
vertical turret lathe, 210,231 
vibratory tanks, 363 
vise, 5, 74-75 

air-hydraulic, 75 
circular saws, 19 
combination, 76 
drill press, 43 
and hacksaws, 3-4 
milling machine, 244-246 
mounted on worktable, 2 
plain, 314, 315 
and power band saws, 4 , 5  
and shapers, 301,314-317 
universal, 244, 314, 316 
work held by, 314-316 

W 
wavy-set saw blade, 7 
ways, lathe, 110, 111, 112 

welding, ultrasonic, 3 85-3 87 
Whitworth screw threads, 167, 

192 
Whitworth Standard screw thread 

form, 170 
work holders, 74-80, 195-198 

angle plate, 77-78 
chucks, 71-72,73,119-125 
for circular workpiece, 3 11-3 13 
clamps, 78-79,306-308,332, 

339 
faceplates, 125-126 
follower rest, 195, 196, 207 
lathe centers, 126-129 
lathe dogs, 113, 129-130, 

142-143 
mandrels, 130-13 1 
milling machines, 242-246 
parallels, 75, 77 
for shaper operations, 305-3 18 
sleeves and sockets, 72, 74 
steady rest, 195-198, 207 
step blocks, 79 
straps, 78-79 
T-bolts, 78, 306 
V-blocks, 76, 77 
Tool or cutter holders, 71-74 
during vertical boring mill 

operation, 87-89 
vises, 2-3, 5, 74-75, 76, 314 

worktable, 2, 5, 242 
worm, 268 
worm wheel, 268,274 
wrist, robot, 394 

z 
zero front clearance, 143, 164 
zero hole, 268, 283-284 
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