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WARNING: THERE ARE SERIOUS HAZARDS IN THE
PROCESSES AND PROCEDURES IN THIS BOOK. NO
ATTEMPT HAS BEEN MADE TO POINT OUT ALL OF
THE DANGERS OR EVEN A MAJORITY OF THEM. THE
METHODS AND MATERIALS THAT ARE SUGGESTED IN
THIS MANUAL WERE DEVELOPED BY A NON-
PROFESSIONAL. THE AUTHOR IS NOT AN ENGINEER
OR SCIENTIST AND NO CLAIM IS MADE TO THE
PROPRIETY OF THE METHODS SUGGESTED IN THESE
PAGES. THE READER IS FULLY RESPONSIBLE FOR
DEVISING SAFE PROCEDURES FOR EVERY
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INTRODUCTION

The purpose of this book is to make available in the simplest
of terms, basic knowledge needed to produce small plastic items
in the home shop by means of inje:tion molding. Injection
molding is a process where heat-softened plastic material is
forced from the cylinder of an injection molding machine into
the cavity of a mold. The liguid plastic cools and hardens in the
mold cavity taking the shape of the cavity.

Sources for plastic will be those things normally thrown
away. Stuff like plastic milk jugs, soda pop bottles, plastic oil
cans ete. In fact, now might be a good time to start saving your
plastic throw away stuff. Be sure to rinse out the jugs,
particularly the milk jugs. It doesn't fake long for milk to sour,
and cutting into a milk jug with soured milk is a disgusting thing
to say the least. Do not save or use containers that have
confained chemicals or insecticides. Trace elements of harmful
substances will remain on the plastic and could be absorbed
through the skin or create harmful fumes when the plastic is
melted.

You'll be amazed at how much plastic can be accumulated.
In just a short time we had a garage full of the stuff. In all
different colors, sizes and shapes too. It certainly proves the
value of recycling because all of this stuff would have been
thrown away. And besides, plastic takes many hundreds if not
thousands of years to decompose. So the question becomes, why
put it in a land fill if something useful can be made out of it?

Included in this book are plans to build a small inexpensive
table top injection molding machine capable of injecting up to
1/2 ounce of plastic into a mold. You will also learn how to
make a simple mold to test the machine. Then a plastic knob

will be needed for the adjustable
table on the machine so you'll
make a mold for that. Then
progress to a mold for a small
plastic container with a snap lid.
It won't be long before you are
creating new products of your
own design. I'll even show you
how to cast replacements for
broken or missing plastic parts.
You'll soon discover that the
possibilities are endless.

Most of the plastic parts
around us have been created by
huge antomated plastic molding
machines capable of producing
many hundreds if not thousands
of parts in a single hour. The
injection melding machine yon
are getting ready to build from
the plans in this book will not
be the right equipment if you
intend to produce parts in great
quantity. It is however very
appropriate for small jobs. And
it's an excellent way to learn the
fundamentals of the injection
molding process as well as the
skills needed to make molds.
Keep in mind that all of the
parts you see around you started
somewhere. Most likely in a

Our injection molding
machine.

Fig. 1



Simple mold and the items it made.

Fig. 2

small design shop with a small table top injection machine much
like the one you will be building. And remember, you've got
something exciting to look forward to . . . The raw material
that will go into your custom made parts is free. The country is
buried in discarded plastic. It's everywhere and in all different
colors so with a little effort and the help of this book you can
begin your own, very unique, recycling system.

HOW INJECTION MOLDING IS DONE

The process of injection molding plastic is really very
simple. I'll describe the operation as it would happen in our
machine. And you can study the drawings in figures 3 through
5 to help you understand the process a little better. Keep in
mind that not all machines are alike. But they all have the same
purpose and that is to melt plastic and force it into a mold to
form a specific part or item. Not all machines are hand
operated. Some are air driven while others may use a hydraulic
ram. On the larger commercial machines softened plastic is
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forced into the mold by a screw ram.

The first step in the operation of our machine would be to
load the injection cylinder with plastic material. The injection
cylinder is the 1/2" diameter hole located at the top of the heater
block. In industry the plastic material is usually in granular
form, but in our case we'll be using scrap plastic cut into strips
3/8" to 1/2" wide.

The machine is turned on and the cartridge heater begins
heating the plastic in the cylinder. The thermometer keeps us
informed of the cylinder temperature as it rises and the
temperature is controlled by the thermostat. Proper molding
temperatures for plastic will vary depending on the type of

INJECTION
CYLINDER

INJECTION
NOZZLE —

MOLD
CAVITY

ADJUSTABLE
TABLE

Fig. 5
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plastic being used. But more often than not the molding
temperature will be somewhere around 400 degrees.

Of course the injection molding machine is of little value
without a mold. Molds used in injection molding usually consist
of two halves, but there are many possible mold designs and
some complicated parts may require multiple piece molds. A
simple 2 piece mold and the items it produced is shown in
figure 2.

Notice in figure 4 that the injector nozzle has a tapered end.
On our machine the taper is 45 degrees. The sprue opening of
the mold has a matched 45 degree tapered inset. Since the
injection system exerts very high pressure on the mold, the
mold halves must be clamped together tightly to prevent the
mold from separating and ruining the part during the molding
process.

Once the mold is securely clamped together it is placed on
the adjustable table. The sprue opening in the mold is aligned
with the injector tip. The table is adjusted up forcing the sprue
opening tight against the injector tip. As soon as the plastic
reaches the proper temperature and is soft enough to flow the
injector lever is pulled forward. This causes the piston to plunge
down forcing the softened plastic through the injector nozzle
and into the mold cavity. After cooling the mold is separated
and the part is removed from the mold.

A YOUNG INDUSTRY

Forming objects in molds such as casting metals, blowing
glass and shaping clay is ages old, but the plastics industry is
relatively new on the scene. The industry was founded on the
molding of natural plastics. One example of a natural plastic
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substance is rubber. For many years rubber was considered a
curiosity. Many people attempted to use it for various purposes,
but its inability to withstand even moderate temperature changes
made it impossible to form anything permanent. Then in 1839
Charles Goodyear discovered vulcanizing. His discovery
showed that by treating rubber with sulfur or sulfur compounds
in varying proportions and at different temperatures one could
increase its strength and elasticity. Depending on the method
used either hard or soft rubber could be produced.

Some 50 years later in 1868 the first synthetic plastic was
produced by John W. Hyatt. He was a printer by trade and his
driving motivation was to produce an ivory substitute for
billiard balls. His hope was to win a large prize that had been
offered. The poor guy didn't win the prize, but the
thermoplastic material that he produced called cellulose nitrate
was of much greater use than that which he sought. It has been
used for many purposes such as windows in early automobiles,
toys and novelties and film for motion pictures. It's problem
was that it was highly flammable and as time went on it was
gradually replaced by plastic materials that didn't burn as easily.

In 1909 the plastics industry really got a shot in the arm
when Dr. Leo Baekeland introduced a new thermosetting resin
called phenol formaldehyde later given the name Bakelite. It
could be molded using heat and pressure to produce high heat
resistant products such as coffee pot handles, pan handles and
electrical outlet plugs.

In 1927 a thermoplastic material called cellulose acetate was
introduced triggering the rapid development of other plastic
resins and forming methods. The result is, that today we have
hundreds, if not thousands of plastic materials to choose from.

13



WHAT IS PLASTIC?

Modern plastics refer to a broad range of synthetic materials,
Synthetic materials consist of artificial resins produced by the
chemical reaction of organic substances. They are pliable and
capable of being shaped by pressure. An important distinction
between plastic materials are those that are thermoplastic and
those that are rhermosetting.

Thermoplastic refers to those plastics that are capable of
being repeatedly softened by heat and hardened by cooling.
These are the types of plastic that we can use in our projects.

A few examples of thermoplastics are, polyvinyl (introduced
in 1927). Its definition covers a broad group of materials used
to produce a variety of items ranging from hard rigid products
to a soft flexible material. Examples would be seat covers,
shower curtains, rain coats efc. Rigid applications would be
chemical storage tanks, gutters, siding for houses and blown
bottles. Aerylic is a thermoplastic material discovered in 1936.
Acrylics are known for their exceptional clarity and light
transmission. Some acrylic items would be, windows, canopies
for boats and aircraft, skylights, lenses, automotive tail lights
etc. Polystyrene, discovered in 1938 is used for disposable
products such as picnic utensils, food containers and novelties.
It has outstanding insulative qualities so picnic coolers and jugs
are often made from it. Polyetheline (introduced in 1942) is the
thermoplastic material we will be using a lot of. Two major
applications of polyethylene are blow molded bottles and films
for packaging soft goods and other non perishables. The above
are only a few examples of thermoplastic materials. There are
many others.

14

Thermosetting refers to those types of plastics that can only
be hardened by the administration of heat, ultraviolet light or a
catalyst. Once these plastics have become set or molded into &
given shape they cannot be reheated and reshaped. This means
for our recycling purposes thermosetting materials cannot be
used.

A few examples of thermosetting materials are epoxies, often
used for mold making and tools. In fact, we will be discussing
the use of aluminum filled epoxy to make molds later in the
book. Melamine, (Dishes are often made of melamine). Phenol
resins are commonly used in higher temperature and strength
applications such as home appliance handles and parts. Other
uses for phenol resins would be distributor caps, coil tops,
phone housings and tool housings to name a few.

IDENTIFYING TYPES OF PLASTIC

There are many different types of plastic all having different
physical characteristics and chemical composition. An entire
book could be written on this subject alone. But our real interest
is in whether the plastic will melt in our machine or not.

We know that thermoplastics can be remelted and that
thermoset plastics cannot so all we have to do is decide which
is which. Thermoset plastics are hard and brittle and it won't
be long before you will be able to determine which is which
simply by a visual inspection. But if you are uncertain, a good
way of making a determination is to heat the end of a metal rod
with a torch and touch it against the plastic. If the plastic softens
or melts it's thermoplastic and we can use it. If it doesn't melt,
it's a thermoset and we can't use it. It's as simple as that.

There are other tests that can be done such as a burn test to
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determine the exact type of plastic you're dealing with. One
example would be, if you were to burn polypropylene or
polyethylene the smell would be similar to burning paraffin and
the flame would be blue with a yellow top and with
polypropylene there would be some white smoke. Most of the
plastic throw away bottles you find will be made of polyethylene
or polypropylene. It's really not necessary to complicate the
issue any more than that. What we are concerned with is, will
the plastic material melt, and if so, what is its molding
temperature?

DESIGN CONSIDERATIONS

When 1 first became interested in plastic molding I looked
into the possibility of purchasing a machine to do the job for
me. Small table top machines could be bought, but they were
expensive and for my experimental needs the cost couldn't be
justified.

Then it occurred to me that a hot glue gun might work. So
off to the shop I went to cut some plastic strips. I stuffed the
plastic strips in the chamber of the hot glue gun normally
reserved for the glue stick, plugged the gun in the electrical
outlet and waited. The gun heated up, but the temperature never
got hot enough to melt plastic. Of course the next step was to
dismantle the glue gun and see how it worked and if changes
could be made to modify it for my purpose. The thing was
simple enough. It contained a small casting with a bored
cylinder hole for the glue stick. Another bored hole was located
next to the glue cylinder and it contained the heater cartridge.
And of course there was the trigger mechanism that forced the
softened glue through the cylinder and out the nozzle. After a
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quick examination I became convinced that the glue gun could
not be modified to melt plastic. But disassembling it was a good
training exercise and it's always fun to take something apart and
see what makes it tick even if you can't get it back together
again.

From the lessons learned from dismantling the hot glue gun
1 realized there were four hurdles to overcome before I could
build a fully functional injection molding machine. The first
challenge was how to heat the injection cylinder. Then there
was the matter of determining the temperature of the cylinder at
any given moment and figuring out a way to control the
temperature. And last, but not least, a way of forcing the
softened plastic into a mold cavity.

My goal in any project is to use items that are easily found
in the scrap pile or at the local hardware store. So off to the
shop I went to see what I could dig up. In my prototype machine
the heater problem was scolved by using the heating element
from a 120-watt Weller® soldering iron. (This wasn't in the
scrap pile, it was in my tool box). The proper temperature to
inject plastic is usually somewhere between 300 to 400 degrees.
A $4.99 oven thermometer has the proper temperature range,
and with a small modification it served the purpose. And I
learned that it was possible to control the temperature level of
the injection cylinder with an adjustable rheostat. (The same
type as would be used to dim your living room lights). With the
above mentioned items and some angle iron for the frame, I was
able to build a functional injection molding machine.

From the very start the project was and continues to be a lot
of fun and it wasn't long before 1 wanted to make improvements
to the original machine. Although the soldering iron element
worked fine, it's rating of 120 watts meant that it took quite a
while to heat the cylinder to its proper temperature. The
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adjustable rheostat worked fine too once the ideal seiting was
found. But the drawback here was that the adjustable rheostat
works by controlling the amount of voltage supplied. Lower
settings on the rheostat decrease voltage and in doing so
decrease the wattage rating of the heating element. When new
plastic was added to the cylinder it caused a temperature drop
and because of the lower voltage it took quite a bit of time to
reheal the cylinder.

With a Iittle research I found that the rheostat could be
replaced with a 250-600 degree adjustable thermostat. I also
found that it was possible to purchase cartridge heaters cheaper
than I could buy a soldering iron. As a result, the second
generation molding machine works even better than 1 could have
imagined. When the thermostat calls for voltage, full voltage is
supplied to the heater and that, coupled with a 250-watt
cartridge heater gives the machine a rapid heat up cycle. All in
all the original machine worked fine, but it was slow. Simply
put, by using the higher wattage cartridge heater instead of the
soldering iron heater and a thermostat instead of a rheostat T was
able to dramatically increase the operating efficiency of the
machine.

Cartridge heaters and thermostats of the type I used are
available, but they are tough to find in small quantity lots and
impossible to find in the local hardware store. Since these are
not easy to find items I felt it best to stock a quantity for those
of you who decide to build the machine. The cartridge heaters
cost about the same as a soldering iron ($24.95 at the time of
the publication of this book). Thermostats cost a bit more than
an adjustable rheostat, but are well worth it. ($29.95 at the time
of this publication). Ordering information concerning these
items can be found at the back of the book.
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MATERIALS NEEDED TO BUILD THE
INJECTION MOLDING MACHINE

What follows is a short discussion on the materials needed
for the project and then a complete material list. As you can see
from the drawing in figure 3 the machine is of a simple design.
The frame is made of 1/8" x 1-1/2" x 1-1/2" hot roll steel
angle, 3/16" x 2-1/2" x 2-1/2" H.R.S. angle and some 1/4" x 1-
1/2" H.R.S. flat bar. The heater block is made from a 4" length
of 1" x 1-1/2" cold roll steel bar stock. The injector piston is
made from 1/2" C.R.S. round rod. The terms cold roll sieel
(C.R.S.) and hot roll steel (H.R.S.) refer to the way steel is
processed. The surface finish on cold roll steel is smooth and its
size is accurate to .003"-.005" when it leaves the mill and is
used for more exacting work. Hot roll steel is much cheaper to
buy than cold roll steel and its surface finish tends to be rough
and scaly. Hot roll steel is ideal for general purpose work such
as the frame of our machine.

The best place to purchase the steel angle and flat bar you
will need for this project is at a steel yard or scrap yard. At the
steel yard ask if you can look through the drops. Drops refer to
the left over material that companies often have. These are short
ended pieces that really can't be used on other jobs and
therefore companies are often more than happy to sell them to
you at scrap prices. Avoid cut off fees. These are fees charged
to cut pieces of material to length. Most places are likely to
charge more for the cut off fee than for the material itself. If
you find a piece of material longer than what you need, buy the
whole thing and take it home and cut it to length yourself. Add
what's left to your scrap pile. It's bound to come in handy on
the next project. Often the lumber yard, hardware store or farm
supply store will have a rack with an assortment of angle iron
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and flat bar for sale. The prices are usually higher at these
places, but if you can't find it elsewhere they are a good place
to look. There are several companies that sell metal products
such as angle, flat bar and other items by mail order. I have
listed the names, addresses and phone numbers of some of these
companies at the back of the book.

The injection molding machine operates on 120 volts. An
18 gauge or heavier power cord with a ground lead and at least
6' long is needed. A 120 volt, 5 amp toggle switch is used to
turn the machine off and on and an indicator light lets you know
when the heater is in operation. These items can be purchased
at the local electronics or hardware store.

A 250-watt cartridge heater 3/8" in diameter and 3" long is
used to heat the heater block. A 250-600 degree adjustable
thermostat is used to control the temperature of the cylinder
block and is mounted to the side of the block. As mentioned
earlier in the book, the cartridge heater and thermostat are not
going to be found at the hardware store. For information on
how you can purchase these items check sources at the back of
the book.

A standard oven thermometer with a temperature range of
100 to at least 500 degrees is attached to the front of the heater
block and displays the surface temperature of the block. This
item can be found in the kitchen drawer or at the grocery store
or variety store. Other hardware items such as nuts, bolts,
washers etc. are easy to find at the hardware store and are
itemized in the material list.

MATERIAL LIST

2-pieces of 3/16" x 2-1/2" x 2-1/2" H.R.S. angle 12" long for
the base of the frame. Figure 8 & 9.

1-piece of 1/8" x 1-1/2" x 1-1/2" H R.S. angle 25-1/8" long for
the front post. Figure 10.

1-piece of 1/8" x 1-1/2" x 1-1/2" H.R.S. angle 24" long for the
rear post. Figure 11.

2 pieces of 1/4" x 1-1/2" x 6-1/4" H.R.S. flat bar for top
braces. Figure 12 & 13.

i-piece of 1/4" x 1-1/2" H.R.S. flat bar 8-3/4" long for the
center cross brace. Figure 14,

1-piece of 3/16" x 2-1/2" x 2-1/2" H.R.S. angle 9-5/8" long for
the stationary work base. Figure 17.

1-piece of 1/4" x 1-1/2" H.R.S. flat bar 11-1/4" long for the
heater post. Figure 18.

I-piece of 1/4" x 1-1/2" H.R.S. flat bar 19" long for the
injector lever, Figure 20

2-pieces of 1/4" x 3/4" H.R.S. flat bar 4-1/2" long for the links.
Figure 21.
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MATERIAL LIST CONTINUED

2-pieces of 1/4" C.R.S. round rod 1" long for linkage pins. See
figure 22.

1-piece of 1/2" C.R.S. round rod 3" long for the handle shaft.
Figure 23.

1-piece of 1/2" C.R.S. round rod 7" long for the injector piston.
Figure 24.

1-piece of 3/8-16 threaded rod 4-1/2" long for the adjustable
work table assembly. Figure 28.

1-piece of 1/4" x 3" C.R.S. flat bar 4" long for the adjustable
work table. Figure 29.

1-3/8-16 nut for the adjustable table assembly.

1-Plastic knob for the table assembly. (we will make this
ourselves)

1-piece of 1" x 1-1/2" C.R.S. bar stock 4" long for the heater
block. Figure 32.

1-piece of 1" x 1-1/2" C.R.S. bar stock 1" long for the injector
piston alignment bushing. Figure 35.

1-piece of 1/2" C.R.S. round red 1" long for the injector
nozzle. Figure 33. The extra length of this item is needed for
mounting in the lathe chuck.
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MATERIAL LIST CONTINUED

1- 100-500 degree oven thermometer. Figure 40,

1- 250 watt cartridge heater measuring 3/8 diameter x 3" long.
Figure 43.

1-250 to 600 degree adjustable thermostat with knob. Figure 44.

1-piece of 3/8" C.R.S. round rod 1-3/4" long for the thermostat
extension shaft. Figure 47.

1- 5 amp/120 volt toggle switch. Figure 48.

1- 120 volt red neon indicator light. Radio Shack #272-712.
Figure 48.

2 feet of 14 gauge, 450 degree centigrade (852 degrees
fahrenheit) appliance wire.

1- 6' long, 18 gauge 120 volt power cord with ground.

2- 18-12 porcelain wire nuts.

| piece of 1-1/2" x 3-1/8", 20 gauge sheet metal. Figure 55.
1 piece of 3-3/8" x 7", 20 gauge sheet metal. Figure 56.

| piece of 2-3/4" x 10", 20 gauge sheet metal. Figure 57.
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MATERIAL LIST CONTINUED

1 piece of 1/2" x 3" x 10", 20 gauge sheet metal. Figure 59.

10, 1/4-20 x 3/4 bolts.

9, 1/4-20 nuts and lock washers.
3, 1/4-20 x 1/2 bolts.

6, #10 flat washers.

Four, 6-32 x 3/4 screws.

One, 1/8" x 1/4" rivet.

Twe, 8-32 x 1/2" machine screws with nuts.

One, 8-32 x 3/4" machine screw with nut.
4- 1/2" shaft collars.
4- 1/16 x 3/4 cotter pins.

2- 1/4" flat washers.
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TOOLS AND CONSTRUCTION METHODS

Building and assembling the frame of the injection molding
machine is relatively simple. A hand hacksaw or metal cutting
bandsaw is used to cut the material to size. A drill press and an
electric hand drill along with a set of drill bits from 1/16" - 1/2"
are used for the drilling operations. A good quality 8-32, 1/4-20
and a 3/8-16 tap will be needed. A .501 chucking reamer is
needed to finish the injection cylinder bore and a .374 chucking
reamer is used to finish the bore for the cartridge heater. Most
of the frame will be bolted together, but the right side top brace
and right side base require welding so a welder capable of
working at 75 amps is needed. You will need an oxy-acetylene
torch to braze the threaded shaft to the adjustable table and the
injector nozzle to the heater block. A level is needed to align the
frame before final assembly and an adjustable protractor is used
io check angles. Vise grips or C-clamps are used to hold the
frame together during construction.

A metal lathe equipped with a 3 and 4-jaw chuck is needed
to face off and bore the heater block and the alignment bushing.
it will also be used for a number of other operations as well as
mold making. The lathe I used has a 9" swing, but a smaller
lathe would work as well.

I'm sure many of you do not own a lathe so an alternative
might be to drill and ream the holes in the heater block and
alignment bushing using a drill press. If you use a drill press,
care must be taken to align the work with the spindle. The work
must also be securely mounted to the drill table to prevent it
from moving during the drilling operation. Use the best possible
drill bits and operate the drill press at a lower speed of around
150 rpm.
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- BUILDING THE FRAME you're getting ready to build. The frame portion of the machine

Figure 6 shows the front and right side view of the injection will be built first. The next several drawings will detail each
molding machine. Figure 7 shows the rear and left side view. part of the frame followed by an exploded view with labeled
Study the drawings in advance to get a better idea of what parts so you can see what is what and how it all goes together.
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Begin the project by making the base rails shown in figure
8 & 9. They are an opposing pair and each is made from a 12"
length of 3/16" x 2-1/2" x 2-1/2" H.R.S. angle. Cut the 75
degree end on each rail and drill the 1/4" holes in each where
shown in the drawings. Notice that the left side base rail has
four 1/4" holes while the right side only has two. The extra
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d R 4
il
f————11 5/16 —— 316 ==
I o 1 i i
Z‘m 2 1/2 |
4‘*ﬁ‘ =r— * ]
- 12 —]

Fig. 8 Right side base, Made from 3/16" x 2-1/2" x 2-1/2"
H.R.S. angle.
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Fig.9  Left side base. Made from 3/16" x 2-1/2" x 2-1/2"
H.R.S. angle.

holes in the left side are for bolting the base rail to the front and

rear post. The holes are not needed in the right side base rail

because it will be welded to the frame.

The front post shown in figure 10 is made from a 25-1/8"
length of 1/8" x 1-1/2" angle. The 75 degree angled ends are
checked with an adjustable protractor. The four 1/4" holes are
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Fig. 10 Front post. Made from 1/8" x 1-1/2" x 1-1/2"
H.R.S. angle.
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for assembling the frame. The 9/32" hole is for the neon
indicator light and the 3/8" hole is for the on/off switch. The 1"
wide cut out section will give clearance for the injector lever
during operation. The perspective view of the front post can be
seen in figure 10A on page 31.

Make the rear post shown in figure 11 from a 24" length of
1/8" x 1-1/2" angle, Locate and drill the holes as shown. A
perspective view of the rear post can be seen in figure 11A on
page 31.

DERSPECTIVE VIEW ERSPECTIVE VIEW
DR ERENT Fost BER3EER NosT
Fig. 10A Fig. 11A
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Fig. 12 Leftside top brace, made from 1/4" x 1-1/2"
H.R.S. flat bar.

‘ 53/4 | |
| \ | 5 The top braces shown in figure 12 and 13 are each made from
| J i 3 il a 6-1/4" length of 1/4" x 1-1/2" flat bar and are an opposing
- L ' A S S ) . pair,

Cut the 75 degree angle end on each brace and drill three

g = . n i1 = n = "
Fig. 11 Rear Post. Made from 1/8" x 1-1/2" x 1-1/2 L/4" holes in the left side brace in the locations shown. Two of

H.R.S. angle.
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the 1/4" holes are used to bolt the brace to the frame rails. The
heater post will bolt to the top brace using the third 1/4" hole.

To insure that the .501 reamed holes in the right and left
brace align with each other clamp the two together and drill &
ream through both at the same time.

DRILL AND REAM .501

/
/ 1/

s e
7 | =

/ I’ T

Vi f e 1
/\75‘ & pote ]
/ i | | .

Fig. 13 Right side top brace, made from 1/4" x 1-1/2"
H.R.S. flat bar.
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Fig. 14 Center cross brace, made from 1/4" x 1-1/2"
H.R.S. flat bar.

The center brace shown in figure 14 is made from a piece of
1/4" x 1-1/2" H.R.S. flat bar 8-3/4" long. Cut the 75 degree
angle end, then locate and drill three 1/4" holes in the locations
shown.

We are ready to assemble the parts that have been made so
far. The exploded drawing showing the assembly is in figure
15. The right side top brace and the right side base are not
shown is this drawing because they will be welded to the frame
dt a later time, All of the pieces are assembled with 1/4-20 x 3/4
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Fig, 15

LEFT SITE
TOP BRACE

HEAD THICKNESS

OF THE TWQ BOLTS

- USED TD FASTEN TOP
BRACE ARE MACHINED
TO 3/32 THICKNESS

‘REAR POST
’//’

AlLL BOLTS ARE
1/4-20 X 3/4

M,

bolts with nuts and
lockwashers and you will
need 6 of each.

Begin the frame
assembly by placing the left
side base on a level work
bench. Secure the base to
the bench with a couple of
screws. Loosely attach the
front and rear post to the
base with the 1/4-20 x 3/4"

bolts.

Loosely attach the center
cross brace to the front and
rear post with 1/4-20 x
3/4" bolts.,

Reduce the head
thickness of two 1/4-20 x
3/4" bolts to 3/32" These
will be used to fasten the
left side top brace to the
frame. This can be done in

Fig. 16 Squaring the frame

the lathe, Simply chuck the bolt shaft in the 3-jaw and reduce
the thickness of the boit head to 3/32". Then loosely assemble
the left side top brace to the front and rear post using these
bolts. Note that the bolt heads are located inside the frame with
the nuts and lockwashers for the top brace on the outside the
frame. The thinner bolt heads allow clearance for the linkage.

For the machine to operate correctly it is important that the
frame be built square, You can use a level to square the frame.
Of course to get an accurate reading the frame must be on a
level table. Place the level against the rear post as shown in
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Fig. 17  Work base, made from 3/16" x 2-1/2" x 2-1/2"
H.R.S. angle. -

[ S |
figure 16. When you are satisfied with the position of the rear | ¢
post, tighten all of the bolts. If everything has been assembled ' !
properly the left side top brace will also be level. Check to be
sure. - | &

The work base is shown in figure 17. Make it from a 9-5/8" | | 9

YR ———— =
Fig. 18 Heater post, made from 1/4" x 1-1/2" H.R.S,
flat bar.

length of 3/16" x 2-1/2" H.R.S. angle. Locate and drill the two
1/4" mounting holes. Locate, drill and tap the 3/8-16 hole for
the threaded shaft on the adjustable table. The proper drill size
for the 3/8-16 tap is 5/16". The 1-5/8" deep x 3" wide cut out
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is needed for clearance for the knob that will be mounted on the
end of the screw shaft on the adjustable table.

Make the heater post shown in figure 18 from a 11-1/4"
length of 1/4" x 1-1/2" H.R.S. flat bar. Locate and drill the six
1/4" holes.

Bolt the work base and heater post to the frame using 1/4-20
X 3/4 bolts with nuts and lockwashers as shown in figure 19.
Reduce the head thickness of the 1/4-20 x 3/4" bolt used to
fasten the heater post to the top brace to 3/32".

HEAD THICKNESS OF

THIS BOLT MACHINED |

TO 3/32 THICKNESS ] |
l’

HEATER POST 1o r

ALL BOLTS ARE
1/4-20 X 3/

WORK BASE

Fig. 19
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THE INJECTOR ASSEMBLY

The injector assem-
ply consists of the in-
jector lever, linkage
and piston. Begin by
making the injector
lever shown in figure
20. Make it from a 19"
length of 1/4" x 1-1/2"
H.R.S. flat bar. A
bench grinder can be
used to form the 1/2"
radius on the handle
end. Locate, drill and
ream the .251 and .501
holes.

Make two links as
shown in figore 21.
They will be a match-
ing pair. Make each
one from a 4-1/2"
length of 1/4" x 3/4"
H.R.S. flat bar. To
insure a matched pair
clamp the two links
together and drill the
holes through both at
the same time. Grind a
1/4" radius on one end
of each link.
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Fig. 20 Injection lever, made
from 1/4" x 1-1/2" H.R.S. flat
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Fig, 21
Make a matched

The linkage pins shown in
figure 22 are made from 1/4"
C.R.S. round rod and are 1"
long. Drill a 5/64" hole in
each end for cotter keys.
When drilling small holes in
round rod it i