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1 Product Specification

1.1 Product Scope

The Tormach PCNC Injection Molder is a plastic injection molding head that is designed to be used as an
accessory to the PCNC series of milling machines for developing small prototype molds. The PCNC
Injection Molder can be used to mold plastics up to 900°F and has a 1 oz shot capacity.
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2 Safety

This product is an accessory for Tormach PCNC mills. Review and be comfortable with the safety
guidelines and operating procedures of the PCNC mill prior to using the Injection Molder.

In addition to safety hazards associated with operating a CNC milling machine, there are several specific
safety concerns to be aware of when operating the Injection Molder:

e Burn Hazards. Several areas of the Injection Molder, and in particular the heater box, can
become quite hot during operation. Do not touch hot areas and wear gloves to protect from
inadvertent burns. Allow proper time for the Injection Molder to cool prior to removing it for

storage

e Vapors for Melting Plastic. Make sure to provide adequate ventilation. Many plastics will burn
if heated beyond its melting temperature.

e Pinch Hazards. Be aware of the machine environment. Keep fingers away from springs and
other pinch hazards.
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3 Basic Operation

3.1 Installing the Proximity Switch

Prior to first use, it is necessary to install the proximity
switch to the Ram unit. To install the proximity switch,
carefully thread it on to the bracket as shown. Adjust
the position to maintain approximately .050” clearance
between the sensor and target collar.

Figure 1. Insert the Proximity Sensor and
hand tighten the retention nuts

Figure 2. Attach the Sensor Bracket the Ram
as shown.

Figure 3. Adjust Sensor position; use feeler
gauge or similar as reference




3.2 Mounting the Injection Molder on
your PCNC

First, fasten the spindle Clamp to the outside diameter
of your PCNC Spindle:

1. Slip the collar over the nose of the spindle. If
the fit is tight, use a large screw driver to pry
open the collar slightly.

2. Push the collar up firmly against the head
casting

3. Secure the Clamp by tightening the M10 bolt to
tighten the clamp

Figure 4. Position Injection Molder so rods
enter spindle cavity as shown.

Figure 5. Use a screw driver to pry apart
collar if fit is too tight.

Figure 6. Tighten Hex nut to secure position




3.3 Installing the Ram
The Ram has a %" straight shank designed for use with

the Tormach Tooling System™ (TTS). To install:

1.

Insert the ram into the spindle. To do this first
loosen the drawbar and then insert the ram
shank into the spindle. Position the ram so
that the sensor does not interfere with the
collar and tighten the drawbar to secure the
ram in the spindle.

Plug the DIN connector into the Accessory port
on the PCNC operator panel.

Place the Funnel on the Heater Box

Plug the controller into the 115VAC power
source. Do not plug the controller into the
accessory (coolant) outlet on the PCNC.

Figure 7. Insert Ram as shown. Adjust sensor
position to avoid interference.

Figure 8. Tighten drawbaw to secure the
ram.




3.4 Checking for Ram/Receiver

Interference
Your Injection Molder is designed with a chamfered ram
and receiver so absolute alignment between the ram
and receiver is not crucial; however, you should verify
relative alignment each time prior to use. To check
relative alighment, slowly jog the ram down manually
and take care to observe that the ram is able to pass
into the receiver without issue. It is normal for the
receiver to move slightly as the ram enters the receiver.
If you notice severe alignment issues:

1. Re-adjust the heater box position in the XY-
plane by loosening and rotating the collar

2. Re-adjust the heater box position in the YZ-
plane by loosening the bolts holding heater box

3.5 Adjusting Maximum Heater Box
Position

Occasionally, it may be necessary to shorten the

maximum Heater Box Z position if the Injection Molder

will not fit between the mold and spindle head. This is

especially true if a tall mold or vise is used, or if the

molder is used on a smaller machine, like the PCNC 770.

To adjust, carefully loosen the set screw on the
clamping collar. Compress the spring to push the heater
box closer to the Clamping collar and retighten the
clamping collar, being carefully as stabilize the unit as
the spring force increases. This will allow you to shorten
the maximum heater box position by up to 3 inches.
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Figure 9. Position nozzle above mold sprue.

-

Figure 10. To check for interference, slowly
jog ram into receiver.
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Figure 11. Ram should pass without issue. If
severe interference exists, adjust ram
position and/or heater box alighment.




3.6 Setting Ram Pressure

Your Injection Molder uses a compliant ram. This
design, when properly adjusted, allows for consistent
pressure to be applied to the mold through the entire
injection time. Ram pressure is set by positioning the
ramp on the collar relative to the proximity sensor. For
a high injection pressure, set the collar to HIGH. For a
low injection pressure, set the collar to LOW. After
setting the position, tighten the set screws to secure the
target collar.

During the initial part of the injection stage, the die
springs are compressed when the ram comes into
contact with the plastic in the cylinder; this creates
pressure inside the cylinder. This pressure forces plastic
out through the nozzle and into the mold cavity. As this
happens, the die springs relax, which helps to maintain
a consistent back pressure inside the cylinder.

If the die springs are allowed to completely relax,
pressure inside the cylinder will decrease towards the
end of the injection stage. This may resultin an
incomplete shot. Too much pressure, on the other
hand, will require additional clamping to avoid mold
separation during injection and also make it difficult to
release the mold and eject the part. By adjusting the
Ram pressure in combination with dwell time and ram
speed, you should be able to find correct conditions for
most applications using trial and error.

11

Figure 13. HIGH position

Figure 14. LOW position




3.7 Operating the Temperature Controller
The temperature control system consist of a PID, Band Heater, and Thermocouple

3.7.1 Basic Heater Operation (Autotune)
Your Injection Molder uses Closed Loop PID with a K-type Thermocouple and 500W Heater to control

the temperature of the heater box. This PID features an autotune mode that is suitable for most
applications. When in Autotune mode, only the SET POINT needs to be adjusted. The controller will
monitor and switch the band heater on/off to maintain temperature at or near the setpoint target.

3.7.2 Disabling Autotune
To disable Autotune mode and enter programming mode, press and hold the 1 or { key for 5

seconds. Once in programming mode, you may press and hold the 1" or {, key for 5 seconds at any
time to exit. With Autotune disabled, the following parameters can be adjusted using the 1 or { keys.
To advance to the next parameter, press SET.
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Display Factory
Parameter Setting Default |Notes
Lower Temperature Limit LSP 0.00 0C is maximum value for K-type Thermocouple
1200C is maximum value for K-Type Thermocouple.
Adjust the upper limit may be necessary, especially
if large system oscillations occur. Think off this as
"Coarse" Adjustment. Adjust Limitsoitis
Upper Temperature Limit UsP 1200 approximately 20% above desired temperature
AL1 (Alarm 1) Hysteresis HY1 1.00 Not Used
AL2 (Alarm 2) Hysteresis HY2 1.00 Not Used
Should not be a need for finer measurementin
Decimal Point Setting dpP 0 Application
When LcK parameter is set to 010, User must enter
Password Setting ScY 015 this value in ScY parameter to operate PID
AL1 (Alarm 1) Set Range ALl Alarm Mode 1/ Not Used
ALl (Alarm 1) Mode AO01 Alarm Mode 1/ Not Used
AL2 (Alarm 2) Set Range AL2 Alarm Mode 2 / Not Used
AL2 (Alarm 2) Mode A02 Alarm Mode 2 / Not Used
Display Value = Measured Value-Modification
Value. Changing this parameter will adjust the
value displayed; however, it will not have any effect
Modification Value PVF 0.00 on temperature control. Range is £100
Input Signal Selection InP K Input Signal is K-type Thermocouple
Range is .01 - 3600. If P=OFF, then controlleris
operating in simple on/off mode; no temperature
Proportional Term P 3.00 feedback is being used. "Fine Adjustment"
OFF = Cancel Integral Time. This setting may be
adjusted. Temperature Oscillates around setpoint,
then increase this term. If the Temperature is stable
Integral Term | 240.0 but never reaches set point, decrease this term
OFF = Cancel Derivative Time. Derivative term is not
Derivative Term d oFF required in typical use.
Control Direction oUd HEAt Sets PID as Heater Control
Control Hysteresis HYS 1.00 Does not generally need adjustment
Output Control Time CtL 020 Does not generally need adjustment
interval Pc 5.00 Not Used
Cooling Output Gap Cdb 0.00 Not Used
Cooling Output Control Mode |C_t 20(Not Used
Temperature Unit c-F F Choose F for "Farenheit" or C for Celsius
Parameter Lock Code Setting |LcK 0/000 = Unlocked. 010 = Locked
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4 Working with Injection Molder Software

The Injection Molder software is included with PathPilot software and uses a subset of the available
PCNC control functions. Review the PCNC operator manual for general controller operation.

4.1 Accessing Injection Molder Software
Once installed, the Injection Molder screen can be accessed from the Settings tab; check the Enable

Injection Molder box.

GO Rapid positioning

Linear interpolation
G2 Clockwise circular interpolation
G3 Counter clockwise circular interpolation
G20 Inch unit
G21 Millimeter unit
G40 Cancel radius compensation
G41 Start radius compensation left
G42 Start radius compenstation right
G54 Work offset coordinate system
G55 Work offset coordinate system
G56 Work offset coordinate system
G57 Work offset coordinate system
G58 Work offset coordinate system

G59 Work offset coordinate system
G80 Cancel canned cycle mode
S ~uslo  dnllis

Settings

CYCLE START
SINGLE BLOCK MO1BREAK
FEEDHOLD STOP
COOLANT RESET
== 100%
—m— 100%

o 100%

Figure 15. Accessing the Injection Molder
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4.2 Injection Molder Screen Overview
The Injection Molder screen contains a select subset of PathPilot commands.

IMPORTANT! TEST SENSOR BEFORE INJECTING. Material Cont. Temp.
He il

Resist.

ABS [Acrylonitrile

1. FILL THE HEATER BOX WITH PELLETS Butadiene-Styrene o

Acetals x 185220

Acrylics - 140-200

2. SET THE APPROPRIATE TEMPERATURE - Ethyl Celudose ¥ 115185
ON THE TEMPERATURE CONTROLLER - Cellose Acetate : 140220

Cellfose Acetate
Butyrate

3. WAIT UNTIL PLASTIC HAS MELTED § 300-550
(WATCH FOR DROOL FROM NOZZLE) Nylon . 175300

Phenylene Oxides x 175265

140-220

4. SET INJECTION PRESSURE WITH COLLAR

Poly-allomer

5. SET FEED RATE WITH F DRO Tohnttone extinguih
Poly-butyiene :
Self-

6. SET DWELL (20 SEC RECOMMENDED) foheaboomes extinguishing

Polyesters Slow

Very Slow
Slow

DWELL (SECONDS): oo G Sren =R

Viny! Polymers & Slow 10

INJECT Pl s | e
AT itures Are Degrees Fatvenhelt

| Conversational | Probe Injector

CYCLE START WORK DTG STEP: | 0001° | (0010 | 000 || .i000
SINGLE BLOCK MOTBREAK  ® | X 0] 0.0000 ReFx” | e 40% 0G0

FEETHONT Sk A -12.5000 MO0 RRE TR RS 1000 [
bl S 17 [EEIR) 00000 wer e e s RN

——— 100% [ Rag 1o TRERTE e
; (O00000[0] 0.0000 Rera
] LR 00000 TR vssc ™2™ coto630

_—ul=— ]00%

=————m 100% oo  STATUS: G55 G90 G20 G8O G40 G4 GO7 G99 athPilct™ [IRErE )

Figure 16. Injection Molder Screen Set

4.3 Position DRO
WORK TG
iX OX008] 0.0000 rerx”
Y RN 0.0000 rery”

i  EPAERR] 0.0000 rerz”
iA WN000)] 0.0000 rera

STATUS: G55 G90 G20 G80 G40 G94 G97 G99

Figure 17. Position DROs

The current location of the Injection Molder is indicated in the XYZ DROs.

UM10158_Inj_molder_0914A

16



4.4 Setting Feedrate
To set the feed rate, enter it into the Injection Feedrate DRO. Press “Enter” to confirm

Injector | Status

STEP: .0001° @ 0010 | 0100 | .1000

e 40% Jm',’!“'—

LR TR 1800 [T

N 40 [

'|' W5ou3 TOLLENTH o v 62
PathPilct [ gl

4.5 Setting Dwell
To set the dwell time, enter it into the Dwell DRO. Press “Enter” to confirm.

IMPORTANT! TEST SENSOR BEFORE INJECTING.
1. FILL THE HEATER BOX WITH PELLETS

2. SET THE APPROPRIATE TEMPERATURE
ON THE TEMPERATURE CONTROLLER

3. WAIT UNTIL PLASTIC HAS MELTED
(WATCH FOR DROOL FROM NOZZLE)

4. SET INJECTION PRESSURE WITH COLLAR
5. SET FEED RATE WITH F DRO
6. SET DWELL (20 SEC RECOMMENDED)

oweLL (seconns): IRPLON0)
INJECT

Main File | cattinae

Figure 18. Feedrate and Dwell Settings

4.6 Testing Proximity Sensor

Important: Test the proximity sensor each time that you use the Injection Molder. To do this, simply take
a thin steel object, such as the blade of a flathead screwdriver, and place it near the sensor face. You
should see the sensor LED light on the control screen.

4.7 Start/Stop Injection
To start an Injection, click inject (see Figure 18).

To abort or prematurely stop an injection, click stop (see Figure 16). Alternatively, you can also press
“RESET” or hit the E-Stop button to immediately stop an injection (see Figure 16).

Click “Exit” button to leave the injection screen set and return to the default mill screens (see Figure 16).

UM10158_Inj_molder_0914A
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4.8 Advanced Functions
The following functions are optional convenience features.

4.8.1 MDI (Manual Data Input)
Use the MDI input to input G-Code commands not supported by the main screen set. Use this feature

with care to so as to not crash the Injection Molder attachment.

Main File | Settings

Figure 19. MDI Line

4.8.2 Work Offsets

Use the Arrow keys to cycle through work offsets G54-G59. When using multiple molds, you may find it
useful to use a separate work offset to store the location of each mold. Click the “GOTO X0Y0” button
move to position X0YO for the work offset of the position selected.

Z A
-0.000000  4.000000  -3.000000  0.000000

Conversational | Probe |

CYCLE START WORK 076 STEP: 0001° | 0010 | 0i00 | .i000

SINGLE BLOCK MOTBREAK  © X 0] 0.0000 Rerx | e 100% JOG2°

il — Y - NN 0.0000 ey | pev e | o [ e

CODLANT RESET ; :
i | R 0.0000 rerz | | svoer e - eeenare JIRYIERY
—_—— 100%

i FA
—m 100% PV LI 0.0000UNULE Tn Wp6¢3 | TELENETH 6 70 53

M 100% 'oox  STATUS: G54 G90 G20 G0 G40 G94 G97 G99 e 11 mlleTed Muism vis-5semagors  EXIT

Figure 20. Multiple Work Offset Sections
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5 Making your own Mold Blanks

Materials Required:
Making your own mold blanks is not difficult, but does

require attention to detail to achieve good results. The e 2 Aluminum Blocks for Mold Halves
following procedure is one example of how to produce (slightly oversize from final

your own Aluminum Mold Blanks. This design uses dimensions)

.250” pins that are press fit into one half of the mold; e .250” Dowel Pins

the methods presented can be adapted to produce

other designs as well. Recommended Tooling:

Spot Drill / Chamfer Tool

Fly Cutter

.375” Carbide End Mill
Screw Machine Drill “Size D”
.249 Reamer

e 251 Reamer

5.1 Sample Procedure for Making Mold
Blanks

1. Setupin the vise

Small molds can be held comfortably in a
machinist’s vise. It is important to

Workholding:
support the work from underneath. Step
Jaws are an excellent choice, but parallels e Machinists Vise
can also be used as well. This will leave e Parallels or Step Jaws
an approximately .100” shelf that can be e Workstop

removed after the part is flipped over

during Operation 2.

Using a workstop is advantageous since you’ll be repeating each procedure twice, once
for each mold half, and the workstop will helpful in quickly position work during the
second iteration.

2. Square each block to uniform size

Take care to square each block to a uniform size. Thisis critical for properly aligning mold
halves

3. Spot the pin hole location in 2 corners
This design uses two pins to align the mold halves. The pins are positioned at opposite

corners. Use a spot drill to mark the location of each hole, referring to the drawing for
exact location.

UM10158_Inj_molder_0914A

19



4. Drill the Holes
Once the holes have been spotted, the next step is to drill them out. Using a stubby drill
such as a Screw Machine Drill with an ER toolholder or similar will minimize deflection
and tool run-out and produce straight holes.

5. Ream the Press fit holes

For best results, use a reamer to finish the holes so they are slightly undersize. Using a
.249” reamer will result in a slight interference fit between the hole and the .250” pin.

6. Profile the Setup (Rough/Finish)
With an End Mill, profile the perimeter to size. This is best done first with a roughing
operation that leaves the perimeter approximately .005” oversize, which can be removed
with a final finishing step.

7. Face the top (mating) surface

Use a flycutter (or similar) to skim cut the surface until it is flat. You may need to repeat
this several times to achieve a completely flat surface.

8. Chamfer Pin Holes / Edge Break Hole Perimeter
Using the chamfer drill, break the edges of the holes. This is important as it allows the
pins to be easily pressed into the mold half. Alternatively, you could also use a hand
chamfer tool to break the edges.

9. Flip the part and remove the remaining material from the back side

Turn the part over in the vise. Use a roughing mil to remove the majority of the
remaining material before using a flycutter to finish the final surface.

10. Use the endmill to create a small notch on the edge of the mold.

This is very helpful in providing leverage to separate the mold halves with light pressure
from a screwdriver after they are assembled.

UM10158_Inj_molder_0914A
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Make the second half in a similar manner.

At this point, it is appropriate to repeat steps 1-8 to create the second half, this time
substituting the Slip fit Reamer for the Press Fit reamer in Step 4. Remember, the top
(mating) surface of this mold half the opposite face from the first half.

11. Press fit the dowel pins into the appropriate holes.

You can do this with an arbor press, but you can use the vise to accomplish this: Place the
dowel pins in the slip fit holes, then position the press fit mold half so it is aligned with the
pins. Place both halves carefully in the vise, and close the vise until pins are forced into
the press fit half of the mold. Using this method will allow you to avoid pushing the pins
in crookedly.

UM10158_Inj_molder_0914A

21



6 Making your First Mold: Poker Chip

This first mold project is designed to demonstrate the basic steps to make a simple mold. A mold needs
3 parts:

1. Cavity — basically the negative of the part that you wish to make
2. Vents - Aventis a shallow passage that provide a way for air to escape from the mold.
3. Sprues — This is the passage through which liquid plastic is introduced into the cavity

Molds may also have optional components. There include cores and inserts. Please see the appendix
for some examples of these applications.

6.1 Cavity
Once you have a suitable mold blank, the first step is to make the cavity. For our poker chip mold, the
cavity is a simple circular pocket, 1” in diameter and .050” deep.

Because the mold cavity must be split between both sides of the mold, an important challenge in mold
making is ensuring that the mold halves correctly line up. Care must be taken to make sure the
programming reference point (i.e. work offset) of one mold half can be related to its partner half.

The most reliable way to do this is by establishing work offset at the center of the dowel pin hole
location. To do this, you’ll need to center the spindle over the center line of the dowel hole. There are
several techniques to do this:

With a touch probe — use the hole center function as described in the PCNC Operator’s manual
With a dial test indicator — Use a spindle mounted dial test indicator to swing indicate the center
of the hole.

3. With a drill bit sized to the hole diameter — Carefully position a drill bit so that it can pass into
the hole unobstructed.

Once the spindle is centered, set your work offset as described in the PCNC Operators manual.

6.2 Vents

For simple mold design, a basic simple venting strategy is as follows:
.001” deep x .050” wide perimeter channel
Plus
(11) .001” deep x .050” wide vents radiating towards the mold edges and equally spaced.

More sophisticated mold designs require other venting strategies.

UM10158_Inj_molder_0914A
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6.3 Sprue

The final step in making a mold is to create the sprue. This is best done in the following manner

1.

Fit the mold halves together and securely hold the mold in the vise

Center the spindle over the parting line of the mold

Use a 90 deg countersink or spot drill to create a shallow tapered hole to receive the Injection
Molder nozzle (approximately .300-.400” in depth is adequate).

Use a twist drill to complete the sprue passage into the cavity. A sprue of diameter between
.100 and .200” is generally adequate.

Remove the molds for the vise and separate them. Clean out any chips, etc that have fallen into
the cavity.

6.4 Polishing the Mold

Polishing the mold is optional, but recommended for best results. A typical polishing sequence for an
aluminum mold is as follows

Remove tool marks with a 120 grit ultra soft stone. Use stoning oil. Thoroughly clean the
surface when complete to remove the any loose grit before proceeding to the next step.
Repeat step one, this time with a 320 grit ultra soft stone until all the scratched from the 120
grit stone have been removed.

Repeat twice more, this time with 400 grit. Followed with a final polish of 600 grit aluminum
oxide wet dry sandpaper.

Use a diamond polishing paste to finish, such a 15 micron blue compound. Use a diamond
lapping oil. You can also use a brush fitted to an electric rotary tool for this step. You can
continue to step down to by using finer pastes is a better finish is required.

UM10158_Inj_molder_0914A
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7 Your First Shot

Fill the heater box cylinder with pellets
Set the appropriate temperature on the Temperature Controller. For LDPE, choose 450°F
Wait for the plastic to melt. Watch for drool from the nozzle; this is an indication that the
plastic is ready. Monitor so the plastic doesn’t burn

4. Set the injection collar midway between LOW and HIGH

5. Set the RAM SPEED to 20 IPM

6. Setthe DWELL to 20 sec

After the first shot, remove the mold and assess part quality. Adjust molding parameters as necessary.

UM10158_Inj_molder_0914A
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Troubleshooting Part Quality Issues:

Short Shots or Surface Wrinkles

Increase ram speed

Increase injection pressure
Increase mold temperature
Increase ram pressure time
Increase runners or gate size
Increase mold venting
Increase time between shots

Warping of Parts

Reduce mold temperature

Increase ram pressure time

Increase time between shots

Reduce material temperature

Check part design for section variations

Sinks

Increase ram pressure time
Increase ram speed

Enlarge gate

Reduce material temperature
Increase mold venting

Dimension Variation Shot to Shot

Establish and maintain cycle time

Keep mold temperature constant
Maintain constant material temperature
Maintain constant injection pressure
Increase mold venting

Discoloring

Decrease material temperature
Reduce time between shots
Thoroughly dry material
Thoroughly preheat material

Part too Small

Increase injection time
Increase injection pressure
Reduce material temperature
Enlarge gate

Gassing

Decrease material temperature
Thoroughly dry material
Preheat material thoroughly

Part too Large

Reduce injection pressure
Decrease injection time

Weld Marks

Increase mold venting

Increase material temperature
Increase gate size

Move gate or use multiple gate
Increase injection speed and pressure
Add overflow puddle

Surface Streaking

Raise mold temperature
Thoroughly preheat material
Thoroughly dry material
Reduce injection rate
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8 Troubleshooting

No Heat
Possible Cause Probability Action to Identify Discussion
Cause

Temperature Controller | High Make sure that power | Unit requires 120VAC

is not Plugged in cord is plugged in a power. Do Not plug

power is unit into mill accessory
port.

Fuse is Blown Medium Check fuse Disconnect power
before checking or
replacing fuses

Band Heater is bad Low Check Continuity

across heater leads
Controller is bad Low

Proximity Sensor Does Not Work

screwdriver in front of
the proximity sensor
and confirm that “Test
Indicator Before Move’
LED can be indicated

4

Possible Cause Probability Action to Identify Discussion
Cause
Sensor is too far from High Wave the tip of a steel | Use a feeler gauge or
target screwdriver in front of | similar to adjust the
the proximity sensor position of the sensor
and confirm that “Test | to within .50” (1.2mm)
Indicator Before Move” | of target collar.
LED can be indicated.
4th Axis homing is High Wave the tip of a steel | Check to see that 4th
disabled screwdriver in front of | Axis Homing is enabled
the proximity sensor using the PCNC Config
and confirm that “Test | Utility. PCNC Config can
Indicator Before Move” | be accessed via the
LED can be indicated. Windows Start Menu
on your PCNC
Controller.
Sensor is damaged Low Wave the tip of a steel | If no indication, sensor

is damaged and needs
replacement.
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Temperature Controller is not Functioning Correctly

connections

Possible Cause Probability Action to Identify Discussion
Cause

Temperature Controller is High Review Section 2.5

configured wrong

Thermocouple is damaged or | Low Inspect thermocouple Welded tip of

loose wiring and location Thermocouple should
be located next to band
heater for best results.

Thermocouple is mis-wired. Low Reverse thermocouple | Thermocouples must

be wired with correct
polarity

Computer Communication cannot be Established

cannot be turned on

Possible Cause Probability Action to Identify Discussion
Cause
Mill Communication Issues High Machine LED on Mill Review PCNC operators

Manual, Table 3.1

UM10158_Inj_molder_0914A

28




7

Rev

Description Date Initials

wiring change [3/7/20 SOM

a2
D: «|D
Process m .
T c Band Heater
e 3 Controller 9 e 2
D+  w|0
Qs =[O
Qe =[O
Thermocouple
Switch =
AC Power Inlet A
-—u_m:a.
TITLE Drawing # - D40356 TORMACH LLC
204 Moravian Valley Rd. Suite N
1) DESCRIPTION . . . Waunakes, Wi 53507
‘T DTG, CORTINS PROPRITTISH 4D (TAFTENTAL INFORRATICN BELORGMG 2) Plastic —jumﬁ.ﬁ.u—. Schematic G0B-840-8281
i MATERIAL | [DATE| 1/9/2011 | rotene: s sy

TS, DASNTHG [5: LOWMED B TORMADH LLC T2 THE CUSTDMER OR LSD3AS &
SEMERAL DECCRIFTENN OF THE BQUIFSERT AHDH X5 T B LESED FO8: WE PROSTR
TASTRCLATRON S DPEAATICN OF THES BOUIFSENT. THES DRASING AT MOT I COPTED
T WHCLE DR T FART ROR 4 TT 6 LS FOR. THE MANMLPACTLRE OF AHY DQLIHENT
WETHOLIT THE EXPRESS WAITTTER FESESEION OF TORMACH LU

dimengons & - Jmm A offer dimensons

=

SIZE| A

DRAWINGS NOT TO SCALE | SHEET

are 4~ O S ke nofed offernse

lofl

8.1 Electrical Schematic




8.2 Parts List

Spare Parts

31921 Proximity Sensor Assembly
31937 Band Heater

32040 Nozzle

32038 Funnel

32061 Control Box Subassembly
32059 Thermocouple, K-type
32065 Ram Subassembly

30171 Rocker Switch

30258 AC Power Inlet

30182 5x20mm Fuse, 6.3A Fast Blow
32277 Temperature Controller
30191 Cord with NEMA 5-15P Plug
32049 Set Screw Collar

32050 Poly Urethane Bumper
32044 Return Spring

Accessories

32374 LDPE Plastic Pellets, 1lbs.
32075 Mold Blank with Dowel Pins
32076 Cleaning Rod, Nozzle

32077 Ram Scrapper Tool

32066 Purge Block Tool

32708 Manual
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APPENDIX: EXAMPLE APPLICATIONS

The following sections are re-published with permission from:

Cutting Costs in Short-Run Plastics Injection Molding
Written by Morgan Industries, Inc.

3311 East 59 Street

Long Beach CA, 90805

Copyright April 1998
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INTRODUCTION

The plastics industry is one of the fastest growing major industries in the world. Every
year there is an increase in the amount of plastics used in all types of products. A good example
of this is the percent of plastics used in today's automobiles compared to 15 years ago.

The continued rate of growth in the industry hinges on the development of improved and
new thermoplastics with greater physical properties. This has opened the door to applications
never thought possible before. These are emerging both as product innovations and as existing
products converted from materials such as metal, glass, wood, or paper to plastics for
competitive and economic advantage.

The plastics injection molding field, at large, is volume oriented. Vendor sources,
particularly mold makers and custom molders, are geared to long tool life and high volume
production. Plastics equipment manufacturers, likewise, have concentrated almost exclusively
on fully automatic, sophisticated injection molding machines whose economics lie in single runs
of 100,000 parts or more and in multi-shift operations.

Definition of Short-Run Plastics

In order to prevent any misconception, we are defining short-run as production in which
annual requirements for a particular part range between one and 25,000 parts. Typical of these
are nonstandard or engineered plastic parts whose piece cost is presently above $.25.
Recognizing the wide substitution possible between metals and plastics, it is not necessary to
limit applications to parts which are presently in plastic. As your experience grows, you will
want to analyze the merits of converting a number of non-plastic parts or components to this
material.

Economics of Short-Run

Chapter V sets forth a wide number of examples of simple tools designed for various
plastic parts. Cost savings are in an impressive range of 44 to 94 percent and the reduction of
lead times is equally significant.

These examples have been analyzed on a total cost basis amortizing the tool over a single
year's production. At the same time, we should point out that the tool life is assumed to meet
three to five years of production.

The cost savings over alternate production methods are realized through the following
features:
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Tools designed and built as Class B or C tooling (see Chapter 11, page 10). All areas
which do not require finish or tolerances are completed in the rough; heavy cost
cutting is concentrated on the tool base, ejector systems, use of inserts and the
reduction or elimination of heating and cooling systems.

These tools are meant to operate according to predetermined quantity requirements.
For example, if 50-100 large parts per set-up are intended, the tool plates might be
bolted together rather than be built to withstand high clamp pressures.

Likewise, the tools are designed to last the life of a short-run tool rather than several
million parts. The life factor is geared to anticipate 2-5 year production requirements
as well as to anticipate part or product obsolescence.

Very often, as an added means of maintaining the total economics of a year's
production run, a tool will be designed to complete about 80 percent of the part detail.
Limited machining of the parts on simple jigs is then required to complete them. This
approach is also used to achieve extremely tight or critical tolerances.

On balance, the economics of the proposed short-run tools lie in flexible design to meet

intended production requirements in terms of quantity, quality, product obsolescence and labor

input.
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CHAPTER ONE

INJECTION MOLDING PROCESS

THEORY OF INJECTION MOLDING

The theory of injection molding can be reduced to four simple individual steps:
Plasticizing, Injection, Chilling, and Ejection. Each of those steps is distinct from the others and
correct control of each is essential to the success of the total process.

Plasticizing describes the conversion of the polymer material from its normal hard
granular form at room temperatures, to the liquid consistency necessary for injection at its
correct melt  temperature.

Injection is the stage during which this melt is introduced into a mold to completely fill a
cavity or cavities.

Chilling is the action of removing heat from the melt to convert it from a liquid
consistency  back to its original rigid state. As the material cools, it also shrinks.

Ejection is the removal of the cooled, molded part from the mold cavity and from any
cores or inserts.

Repetition of these basic steps in sequence is the process of injection molding.

THE PRACTICE OF INJECTION MOLDING

The practice of injection molding varies from the theory, only in as much as process
limitations and available equipment affect it.

Step by step the process as practiced is as follows:

Material Preparation

Before the thermoplastic material is plasticized, it may be necessary to do some simple
yet essential preparation.

Drying

Many materials are hygroscopic and will absorb moisture from the atmosphere. This
moisture may be absorbed into the granules, it may adhere to the outer surface of the material, or
both. It is absolutely essential that this moisture be driven off before plasticizing is attempted.
The heat of plasticizing, usually from 350°F to 700°F, will cause any moisture present to
vaporize. The steam and pressure generated will cause the plasticized material to foam or blister
and will seriously affect the quality of parts as well as hamper processing it in the equipment.
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The drying of granules is an easy, low-cost process. For short-run production the
material is spread in one inch layers in trays and placed in a small heated oven with generous
venting to the atmosphere. A typical drying period may call for two hours at 200°F.

Do not attempt to plasticize a material until the correct drying conditions have been met.
The Plastic Properties Chart (Appendix I11) contains drying recommendations.

Dry Coloring

Many plastic parts today are made in color. However, it is impossible to stock all
available materials in a wide range of colors. Even the material manufacturers themselves
usually stock in natural color: that is, the color which the processed granules have before any
pigments are added. Many standard color pigments are available commercially. To obtain
small quantities of special or custom colored material, a small percentage of color pigment,
usually in powder granular form, is mixed with the natural granules. A typical situation might
call for 2% by weight of pigment to be thoroughly mixed with granules. Any sealable container
will do as a mixing chamber. A few minutes of active shaking will produce a good color blend.

Pre-Heating

In the rare event that the plasticizing capacity of the molding machine constrains the rate
of molding production, pre-heating may be useful. Since most thermoplastics are extremely
sensitive to excessive or prolonged high heat, the material integrity can be protected by pre-
heating the granules from room temperature to a point below that at which the granules become
soft, before feeding the material into the plasticizing chamber of the machine. In this way, the
amount of heat needed to complete the plasticizing is considerably reduced.

Plasticizing

The rate of plasticizing is an important consideration in a high-speed molding process. It
becomes less significant and a minor problem in short-run applications; nevertheless, the method
of evaluating the plasticizing rate can be helpful.Plasticizing typically depends on the size and
temperature of the melt cylinder, the type and grade of material being used, the starting
temperature of the material, and the rate at which material is fed into the melt cylinder.

Molding equipment is rated in its plasticizing capacity by the ability to melt styrene
measured in pounds/hour. The mathematics of plasticizing in a production cycle are
straightforward. For example, assume that the time required to plasticize polypropylene in a
melt cylinder at 550°F is three minutes. If the melt cylinder capacity is four ounces, then the
plasticizing rate of the equipment would be 1 1/3 ounces per minute. Production is then limited
in continuous cycles to a rate not to exceed one shot of 1.3 ounce weight each minute, or .65
ounce every 30 seconds. Exceeding this rate will cause improperly plasticized material to be fed
into the tool, and incomplete parts - or short shots - will result. By pre-heating the granules as
previously mentioned the plasticizing rate can be increased.
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Another variable condition which can change the rate of plasticizing is the melt cylinder
temperature. For example, if a material has an ideal melt temperature of 400°F, the production
rate can be increased by raising the cylinder temperature to 450°F. This change in melt cylinder
temperature, to compensate for or to aid production rate increases, is normal in regular
production cycles. It can also be a high risk venture. If, for example, the production rate was
reduced and the melt cylinder temperature was not, the material in the cylinder would rapidly
burn. Physical properties would be drastically reduced, colors would change, and in many cases,
fumes or toxic gasses would be generated. Some materials would pass through the range of
normal melt and "best flow" conditions and tend to re-solidify. It can be difficult to purge this
degraded material from the equipment.

Every thermoplastic material has a temperature range outside of which it will not process
as desired. Low temperatures will result in short-shots and require excessive injection pressures.
Higher than ideal temperatures will produce gassing, discoloration, and impair physical
properties.

For continuous good results, there is no better combination than an "average™ melt
cylinder temperature, properly dried and pre-heated granules, and a steady non-fluctuating
production rate. Establishing the values for these variables is a simple yet critical task. The first
step must be to obtain constant extrusion.

Extrusion

The material granules fed into the top of the heated melt cylinder are compacted by the
ram piston. As they move downwards towards the nozzle, they become plasticized. Ideally, the
melt cylinder should be refilled after each shot, granules being fed into the top as the heated
material leaves the nozzle. The small diameter ribbon of plasticized material leaving the nozzle
is known as extrusion.

In order that the extrusion be in a condition ideal for injection, it must be correctly
heated, free of blisters or gassing, free of lumps which would indicate unmelted granules, and
have a smooth glossy exterior. Use caution and wear protective gear when creating an extrusion.
This molten material is under pressure and trapped air or gas may cause the material to pop and
splatter when exiting the nozzle.

Before injecting a part of about one-half ounce, it is recommended practice to extrude a

ribbon of this weight (or volume) from the nozzle. The extrusion gives immediate, visual
evidence of the condition of the material prior to injection into a mold.
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Injection

The act of injecting the heated material into a tool cavity usually requires considerable
pressure. This pressure will vary dependent on the ease with which the material will flow, the
size of the orifice through which it must pass, and the size or complexity of the cavity.

The variables to be considered in injection are the pressure and the rate of injection.
Since correctly plasticized materials act typically as hydraulic fluids, for any given injection
pressure the rate of flow will vary with the size of the orifice - or gate - between the nozzle and
the cavity. If the gate area is doubled, the rate of flow will double. The cavity should be filled
with material before the temperature drop caused by contact with the relatively cooler mold
changes the material's flow characteristics. Material flowing into a tool will flow around both
sides of any obstruction to meet on the reverse side of it. If the material temperature has dropped
sufficiently, then the two fronts of material will not bond into each other and a weld-line
develops in the part. Listed on page 101 are steps that can be followed to reduce or eliminate
weak weld points (weld marks).

Naturally, each of these alternatives has both advantages and disadvantages. The
material temperature can only be raised to the upper limit of the ideal range. A substantial
increase in the mold temperature will reduce the rate of chilling and consequently slow down the
production rate. Increases in injection pressure above that required to fill the mold will require
additional clamping and part ejection pressure. An increase in gate size will leave a larger mark
on the finished part. If the gate witness is not objectionable on the part, a gate correction should
be the only necessary change to solve this problem.

Venting

As the material is injected under pressure into the tool, the air in the cavity must be
allowed to escape to atmosphere. Any restriction to this escape of air will generate a back-
pressure against injection causing a reduction in the rate of material flow and encouraging air
entrapment within a part. It can also contribute to incomplete or short shots in the cavity.

It is customary to vent the mold at the parting line. That is, cut air vents from the cavity
to the outside of the mold. A typical vent would be .003 inches deep and 1/4 inch wide. The
vents should be located at the extreme corners of the cavity farthest from the gate. If during
sampling one or more areas of a cavity tend to underfill -as indicated by short-shots or knit-lines
- these areas should be vented. If a vent is too deep, a small amount of flash will tend to appear
on the finished part. Over-venting is always preferable to under-venting since the flash is easily
removed in a secondary operation. An unvented mold is an incomplete mold.
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Sprue, Runner and Gate

After leaving the nozzle and before entering the cavity, the material must flow through
one or more passages in the tool. The first of these, which leads directly from the nozzle is a
tapered passage running in line with the melt cylinder towards the center of the mold. This is the
sprue. Its function is to guide the material directly to the mold parting line. In low-cost tooling
designed and built for prototyping or short-runs, the sprue may run directly from the nozzle to
the cavity (see page 44). It may be tapered in either direction, so that the large end is open to the
cavity, or so that the large end is adjacent to the nozzle and the small end connects to the cavity
via a gate (See page 36). It is always tapered so that the material, once chilled, can be easily
removed.

When the large end of the sprue is adjacent to the nozzle, it is normal to place a nozzle
adapter between the mold top surface and the nozzle. The adapter has a conventional ball seat
and a tapered and serrated short sprue. After chilling, the sprue may be removed from the mold
by simply rotating the adapter which breaks off the sprue at the gate. A light tap on the bench
top will eject the sprue from the adapter. Naturally, the hardened steel adapter also protects the
top surface of the tool from damage or wear.

In tools where more than one cavity exists, or in some three plate tools, the material must
be guided by runners from the lower end of the sprue to the cavities. It flows along, or parallel
to, the tool parting line at right angles to the sprue. The runners should be as short as possible
with a minimum of turns or corners. A good runner has a circular cross-section since this gives
the lowest area of exposure to the cooling effects of the mold. A half-circle or flat, ribbon type
runner is bad practice.

A gate is located between the runner and the cavity. This gate is a small orifice through
which the material must flow to enter the cavity. The gate may be round or rectangular.
Typically it will be as large as aesthetic considerations will allow. If the part to be molded has a
wall thickness of .06 inches, the gate should be at least .06 x .06 inches square or an equivalent
area if round (approximately .09 inches diameter). The gate should be as short as possible and
never longer than its diameter or square size. Once again, half-circle or flat, rectangular gates
are not desirable.

Chilling and Tool Temperature

The temperature at which a tool is maintained is always a compromise. A cool mold
allows fast chilling of the material and higher production rates. However, if the material is
cooled too quickly, poor surface finishes are obtained. Often a "rippled” finish or "orange-peel”
effect will result on the part. Premature freezing of the gate can cause short-shots, knit-lines, and
excessive sink. Material temperatures must be higher than ideal and higher injection pressures
are often required to give an injection rate fast enough to fill the mold before the material chills.
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An over-heated mold will cause extended chill times and resultant long cycles. The part
when finally removed from the tool will still be hot: subsequent cooling outside of the cavity
will cause distortion and reduce dimensional stability.

A fluctuating mold temperature will cause variations in part quality and size. Within the
closed mold, shrinkage is restricted, and so parts leaving the mold at different temperatures will
have different amounts of shrinkage.

As a cool mold is run, it tends to increase in temperature. However, with each successive
shot, the rate of temperature rise is reduced until, after some period of time, the mold
temperature will stabilize. Heat loss to atmosphere will balance heat gain from the material
injected. With short-run tooling (usually aluminum) the temperature will stabilize well below
that which will cause part distortion. Parts made on the tool before the stabilized temperature is
reached will all be subject to size and quality variation.

To eliminate this problem, a pre-heat plate is recommended. This heater will quickly
raise the mold to correct working temperature and will maintain this temperature throughout the
day. (See the Plastics Properties Chart for recommended tool temperatures.)

Cycle Time

All thermoplastic materials are sensitive to heat. Because of this, the rate at which they
can be plasticized is limited. Once plasticized, they may be maintained at this temperature for
relatively short periods of time. Improperly plasticized materials cannot be successfully shot;
over-heated materials will degrade and discolor.

As a result, the material should be kept moving through the machine at a relatively
constant rate. It is therefore essential to establish a regular cycle of operation. The time interval
between shots must allow for a thorough melt, and yet prevent burning. Naturally, the melt
cylinder temperature can affect this time, as can the type of material. Typically for prototype and
short-run molding, cycle times will vary from 30 seconds to 10 minutes, depending on the shot
size, the amount of material to be plasticized between each shot, the material heat tolerance, and
mold handling requirements. It is most important that, once established, the time interval
between shots is held fairly constant. Use a clock or a timer to regulate the cycle.

Establish a cycle time which will allow a good shot each time and will maintain a desired
mold temperature. If testing indicates that a material will plasticize at a rate of 4 ounces each 5
minutes in the machine, it is far better to set a production pace which will use only 3 ounces in 5
minutes. This way the material will always be thoroughly prepared. This is consistent with the
principle of designing only up to about 80% of rated capacity. The apparent loss in capacity will
actually pay off in reduction in scrap parts, and production of parts with consistently good
dimensions and surface finish.
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Ejection

When chilled - usually about 10 seconds after injection is complete - the part should be
removed from the tool in such a way as to avoid any damage. A number of mechanical methods
are used and each method has one factor in common. When the material cools, it shrinks away
from the outer cavity and on to any internal insert or core. Hence, when the tool opens, it is
possible to accurately predict on which side of the tool the part will be found. The ejector
system must be designed to push the part off the core (see pages 38 & 84).

In conventional production tools, ejection is performed by a pattern of ejector pins in the
mold base. These are attached to a moving plate which is forced upwards after the mold is
opened (see page 96). In prototype or short-run tooling, a threaded core is often left loose and
can be removed from the tool with the part molded around it, the part is then unscrewed from the
core (see page 44). An ejection slip ring (see page 38) that is lever activated is another prototype
technique for loosening or "stripping" parts off of a core.

Another well-proven method is to leave the sprue attached to the part and use this to pull
the part from the mold (see page 66). If a reverse tapered sprue has been used, it is often
possible to open the mold with the sprue still attached to the part and thus ensure that the part is
withdrawn from the mold (see page 36).

To avoid any damage to the core or cavity in aluminum tooling, always use a plastic or

wooden device to pry the part loose. When the sprue is attached to the part, the sprue can be
pulled with pliers since it will be discarded.
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CHAPTER TWO

TOOL DESIGN AND BUILDING

There are three distinct types of tooling in everyday use. They are identified by their
method of usage, their intended life, and their cost.

HAND MOLDS

The hand mold is usually a low cost, simple tool which is placed in the injection press,
clamped, filled, and then removed by hand to be opened on the work bench for removal of the
molded part. Typically, production rates run to a maximum of 80 parts per hour. The tool
consists of a few simple aluminum parts, each a functional part of the core or cavity. Tool life is
usually measured in the hundreds of parts. The hand mold is used when part quantity
requirements are low, and tool cost is more important than part running cost. In correctly made
aluminum hand molds, the part quality and finish can be as good as from more expensive steel
tooling.

SEMI-AUTOMATIC MOLDS

In this type of tooling, the upper or hot side of the mold is attached to the molding
machine so that the nozzle and nozzle seat are adjacent. The sprue must be conventional in that
it tapers to increase as it moves away from the nozzle. The base or core side of the mold is
bolted directly to the machine table. Either a hand-operated or semi-automatic ejection system
will aid in removing the part from its cavity. As the molding machine operates, the mold is
clamped, filled, and opened. An operator is required to remove the parts and cycle the
equipment. This type of tooling is used when part quantities tend toward the low thousands.
The production rates would typically be 100 to 180 parts per hour depending upon the part size
and the material being used. Once the equipment is set up, semi-skilled labor can be used to
operate it. Tool materials would normally be aluminum with beryllium copper or steel inserts.
Tool life is typically in the 10,000 shot range; this can be significantly extended by use of
finishes such as hard anodizing or chrome plating, or use of steel cavities and cores.

This type of tooling is extensively used for short-run applications. Part costs are often a
small fraction of the costs of fabricating by other methods and quality can be every bit as good as
from full production tooling.

AUTOMATIC MOLDS

Since this type of tooling is used when production quantities are large and piece price is
of supreme importance, discussion here will be limited. Tools are usually of heat treated steel,
ejector systems are automatic, and mold heating and water chilling systems are added.
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The cost of set-up and production of a few thousand parts can sometimes be less than the normal
"set-up” charges for automatic production equipment.

TOOL QUALITY DESIGNATIONS

Tool quality can also vary, depending on the need for parts. The requirements for
quantity, quality, dimensional accuracy, surface finish, and materials to be molded can
drastically affect the required quality of the tooling to be built. In order to define tool quality
simply, it is designated Class C, B, or A. These classifications are not intended strictly as an
evaluation of the workmanship involved in tool building, but rather as an indication of expected
tool life.

Most hand molds would be designated Class C. The design, use of materials in the tool,
and total tool building time would reflect the need for economy due to small part quantity
requirements. Rather than complicate the tool to develop very fine tolerances or intricate detail
in the molded parts, the parts might be subjected to secondary machining operations after
molding. It would obviously be better to drill and tap a #10-32 cross-hole in 50 parts, an hour's
work at most, than to spend four hours making and fitting a rather delicate core to the tool.
Every tooling decision must be made with economics in mind. The objective becomes to
achieve the lowest possible total cost of producing the tool and the required molded parts. Since
the hourly labor cost for operating the molding equipment will be less than the hourly costs of a
machinist or toolmaker, the decision will usually be to reduce tool building time and to increase
molding and post-mold finishing time.

A Class B tool would typically have more informal detail, be made from more expensive
or harder-to-work materials, and be intended for semi-automatic use. The increased mold
making labor would be justified by higher parts production, faster production rates and fewer
secondary finishing operations. Tool cost is, however, still a significant consideration. Cross-
holes in the part are produced by hand-pulled cores or loose inserts. Internal and external
threaded cores or inserts would be hand-rotated. Tools may contain engraving, surface texturing,
polished and plated sections. The mold may have more than one cavity. One Class B mold is an
excellent, low cost short run production tool.

Class A tooling is produced with extended life, speed of operation, and part costs as
prime considerations. It is used in short-run situations only as a stop-gap measure, usually for
pilot or sample production. There is no such thing as low cost Class A tooling. To produce
Class A tooling requires the services of experienced designers and toolmakers using the finest
materials. There are many fine tool-making shops ready and willing to quote and build Class A
tooling to your needs.
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The object of this book is to help you to become proficient in the design and building of
Class B and C tooling, using limited resources and knowledge. With proper engineering help
and encouragement, anyone with a knowledge of drafting or machining can produce perfectly
acceptable Class C tools. These tools will produce valuable and competitively priced molded
parts in short-run quantities. Many companies have found that in an extremely short period of
time, they were producing good Class B tooling. The examples illustrated in Chapter V are
typical of the tooling produced by machinists previously inexperienced in toolmaking.

MAKING THE TOOLING DECISIONS

By using a simple format to notate the information relative to a part, it is possible to make
a quick, accurate judgment of the required tooling. When in doubt, make a single cavity Class C
tool and gain experience. If necessary later, upgrade the tool to Class B or make a multi-cavity
Class B mold.

TOOL
Multi-Cavity

PART Class C Class B Class B
Part design firm and proven No Yes Yes
Part material firm and proven No Yes Yes
Post finishing required or acceptable Yes Slight Minimal
Quantity requirements - Total Too 500 To 5,000 To 25,000
Finish requirements - as molded Open Good Good
Part cost allowance Over 50¢ Over 25¢ Under 25¢
Toolmaking skill available Slight Moderate Moderate

MOLD DESIGN

Having decided on the type of mold required, the next step is to prepare a design for the
shop.

On the part drawing, mark any details which can be produced by secondary operations.
Next, trace the part outline on paper to determine the location of a parting line for the tool. The
main parting line is generally located at the part's largest cross-section. With a cup-shaped part,
for example, the parting line would be at the rim of the open end. The cavity side of the mold -
the hot side - which houses the sprue would have in it a recess the size and shape of the outer
contour of the cup.
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The core side - the base - would have a protrusion on it the shape and size of the inside of
the cup adjusted for anticipated material shrinkage. When placed together, the mold halves
would be in contact all around the parting line and have a gap between the core and cavity equal
to the wall thickness of the cup.

Refer to the illustrated examples of mold design in Chapter V. It is most probable that an
idea illustrated, or a combination of ideas from one or more of these examples will provide you
with a basic design to follow. The mold should be drawn so that each part is rendered to a
simple machined block, manufacturable by an available machinist. To eliminate the necessity
for many tight tolerance dimensions, show also an assembly picture, indicating only the basic
outside sizes of the mold and the required fits (e.g. drive fit dowel or .001" oversize ream for a
slip-fit or .005" clearance for a free fit).

Whenever possible, use standard sizes for the materials from which the mold is to be
made. Quick reference to a material stock list will provide a wide assortment of materials and
sizes. A mold must be designed so as to withstand pressure from clamping action of the machine
and also pressure from within during injection. These pressures can be quite high. When
designing aluminum molds, it is essential that a wall of at least 1 inch of metal remain outside
the cavity. For a 1 inch diameter cavity, use at least a 3 inch diameter block. When milled
cavities are of 1 inch depth, use at least a 2 inch plate. When semi-automatic tooling is to be
built, use much larger material sizes so that the extra heat involved can be absorbed more evenly
and be dissipated from the enlarged area. Additionally, the material has to be large enough to
mount in the machine as well as accommodate ejector systems that may be built into the tool.

GATING

Two main factors influence gating: gate location and gate size. For symmetrically
shaped parts such as, gears, discs, cams, and plates, the gate should be as near the center as
possible. With a gear, for example, gate into the center hole or disc gate as shown on page 46.
For sections which are cup-shaped, sprue gate as shown on page 12, or reverse sprue gate as on
page 36. Avoid gating into a thin wall section. Gates should always allow material to flow into
the heaviest section of a part. If necessary, make a heavy section on the part to gate into the
machine away the excess material later. The function of a gate is to allow material as quickly as
possible into the mold and produce even filling of the cavity with moderate injection pressure.

The material to be used can influence gating significantly. For vinyl, which flows freely
when plasticized, a half-ounce part might typically require a .09" diameter gate. The same part
from Noryl would need approximately twice the gate size.

* * *
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To summarize the subject of tooling design, it is strongly recommended that these
decisions be carefully planned around the following factors:

¢ Anticipated life of tool; quantity of parts required

¢ Selection of tool material

¢ Aesthetic requirements of part affecting selection of gating and parting line
¢ Critical dimensions of part; its relation to other parts in an assembly

¢ Material selection for part

TOOL BUILDING

There are a number of methods in use for manufacturing the parts of a mold. Besides
various techniques for making the cores and cavities, there is a need to create gates, vents,
sprues, and establish the proper fits, clearances, and drafts in the tool.

The core or insert, being a male form, is usually turned on a lathe or milled from plate or
bar-stock material - or a combination of both. The cavity, however, being basically a recess, can
present some problems. A round cavity is simple, and a rectangular cavity, providing it can have
radiused corners, is easy to mill. However, a rectangular cavity with sharp corners all around is
impossible to mill.

One method of producing a cavity with sharp corners is to machine mold inserts as
shown on pages 42 and 90. Alternate, often more desirable methods of producing these sharp
corners, as well as other complex configurations, include EDM'ing, hobbing and casting.

EDM (Electrical Discharge Machining)

EDM (Electrical Discharge Machining) operates on the principle of removing metal with
electrical energy. An electrode having either a male or female shape designed to produce a
corresponding cavity or core is positioned into the EDM machine. The electrode is then lowered
into a work tank filled with dielectric fluid and to within a few thousandths of an inch of the
work piece (mold plate). Electric arcs traveling across the gap then "cut™ away the cavity
material.

The electrodes are commonly made of EDM graphite, brass, or other conductive alloys
such as copper, silver, and tungsten. The electrodes must be dimensioned to compensate for the
overburn (spark gap) which occurs during the EDM process and also to allow for the plastic
shrink factor. For very complex mold cavities or where several of the same electrode are
required, electrodes can be purchased from companies which specialize in producing molded
electrodes (usually copper tungsten) from models of the finished parts.
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Any conductive material or metal - tough, hard, soft, brittle - can be EDM'd. Many
conventional machining applications are now being replaced by EDM because it is more
accurate, more reliable, or more economical. Also configurations that were thought to be
impossible or very difficult to machine a few years ago are now being produced by EDM. Micro
slots, burr-free holes, intricate dies, and contours make excellent EDM projects. The recessed
contours and square corners as the example in page 96 is an ideal EDM application. For difficult
shapes in carbide, exotic metals, hard or soft tool steel, aluminum, or other conductive materials,
nothing matches the economics of electrical discharge machining.

Hobbing

To produce this cavity, it is necessary to produce a male form in steel with the shape of
the desired cavity (see page 36). The hob was lathe turned to the required diameter, then milled
to produce the external ribbing. The hob of oil hardening drill rod was then hardened by heating
and quenching in oil. Next the cavity was prepared for hobbing by being lathe turned to the size
of the hob at the bottom of the ribs. Finally, after being generously coated with white lead - an
effective non-galling lubricant - the hob was forced into the cavity in a hydraulic press. It could
equally well have been impacted into the cavity. It is possible to hob cavities in aluminum,
kirksite, and soft low-carbon steel.

It is normal practice to hob a cavity to an over-depth condition. If a cavity must be
finished to .500" depth, the hob should be forced into a depth of .530" and then the parting line
of the cavity should be machined or surface ground down .030".

Casting

This same over-depth requirement exists when a cavity is to be cast. First, a model is
made of the required part with the dimensions suitably increased to allow for shrinkage. From
the model, a pair of epoxy or silicone rubber molds are cast. From these molds, plasters are cast
and thoroughly dried by baking at 250°F for some hours. Finally, aluminum or kirksite is poured
into the plasters and the resulting cores and cavities will be a fine detailed reproduction - in
reverse - of the original model. This method of producing molds is used when the article to be
reproduced is difficult to duplicate by machining as for example a sculpture or carving.

Please refer to the chapter on Epoxy Tooling for a complete and detailed description of
low-cost casting techniques.

Fits and Clearances

When plastic is forced into a mold, considerable pressure is involved. The material will
flow into all fine corners, edges, and cracks. Any space of .003" and greater will tend to become
filled. If a clearance of .005" is allowed between a recess and the insert in it, the space will fill
with material.
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It is essential in producing a good mold to carefully size and fit all internal parts. For
slide-fit dowels or ejector pins, use a reamer that is size plus .001" or .002".
Draft

When machining a cavity or core, always use a tapered mill cutter or lathe turn with the
compound slide set at an angle. The cavity must decrease in size as it moves away from the
parting line. A core must decrease in size from its base toward its highest point. The draft in a
cavity must be at least 1/2° per side; the core should be drafted a minimum of 1° per side.
Remember, the part will shrink away from the cavity and onto a core or insert (see Appendix |
for Draft Angle factors).

Location of Mold Sections

In order that the desired accuracy be maintained in a part, it is necessary to locate the
mold sections relative to each other. In lathe turned molds, location diameters can be machined
during the making of the tool (see page 54). Molds made from square or rectangular plates are
aligned by doweling the two matching pieces. See page 90 for an example of Leader Pins that
locate the 'A' plate with the 'B' plate. The drilled and reamed holes should be a close fit to assure
proper alignment and prevent any binding. Next, finish the side walls of the blocks to establish
good edges that can be used for marking out the cavity. This preparation is a necessary step and
will subsequently result in more accurate cavities and finished parts.

Any of the following operations will aid in relocating the mold halves: use different size
dowel pins, stamp alignment marks, or mill flat one corner (see example on page 66).

Gates

The gate should be cut only after the cavity and core are completed. Start small and
increase the size until no signs of knit-lines remain in the molded part. A large gate will produce
a better quality part than a gate which is too small. Refer to page 12 for examples of various gate
designs for different molding purposes.

Sprue

The size of the sprue at the nozzle end must be larger than the size of the nozzle orifice.
Typically for a 3/16" diameter orifice nozzle (B size) the sprue orifice would be 7/32". The next
most important item is the finish of the sprue hole itself. It must be smooth, free of chatter or
scratches. Practice has shown that it is best to finish the hole with a straight flute hand reamer.
Most local industrial tool suppliers offer tapered reamers in various sizes suitable for sprues.

Vents

One of the most important features of a tool is the vent system. Air must be allowed to
escape as the material enters the cavity. Vents should be cut at the parting line in various
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locations around the cavity. See page 12 example 'A" and page 90 for vent design and
dimensions. Occasionally it is necessary to vent a large cavity at locations other than the parting
line. Core pins and inserts can be designed to provide this added venting.

If during sampling, it is found necessary to increase the gate size, it should also follow
that the venting may have to be increased. The width and number of vents is determined by the
size of the cavity and the rate of fill. Over-venting is rarely a problem since the resulting flash
on the molded part can easily be trimmed; underventing is a common fault.

Tool Size
The size of the part will regulate to some extent the size of the finished tool. The mold

surface at the parting line should be at least one inch larger all around than the part size. The
plate thickness should be no less than one inch greater than the maximum cavity depth.

When mold halves are to be bolted together, use 1/2"-13 bolts. Small bolts tend to shear
or have the threads strip. Bolts should be positioned symmetrically around the sprue, three for a
round mold, four for a rectangular mold.

TOOLMAKING MATERIAL

Aluminum

The most widely used material for prototyping and short-run tooling is aluminum. Itis
readily available, lighter to handle than most other metals, and machines easily. It will take and
hold a high polish, and the harder grades wear well. It is resistant to corrosion by most molding
materials and the fumes that they may generate. Aluminum is not highly resistant to erosive or
abrasive effects; however, it will easily take hard chrome plating or hard anodizing as surface
finishes. These finishes are necessary when parts are needed in such materials as glass-filled
nylons which are abrasive. Aluminum grades typically used for tooling are 2024T4 or 7075T6.

Beryllium

This is a copper-based alloy with a hard, low-friction surface. It will machine and polish
well and is highly resistant to abrasion. Because of its high cost, it is used mainly for inserts or
cores where aluminum does not have sufficient strength. It requires no heat treatment. Some
molding compounds, especially those with chlorine content such as vinyl, may cause rapid
corrosion to beryllium. Beryllium may also require special handling during machining due to
fumes emissions.
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Kirksite

This is a low-melting point, non-porous alloy, rather soft and free cutting. It will cast
easily, capturing fine detail and so is usually used to produce molds of sculptured or detailed
parts. It may be cast into well-dried plaster molds. The resulting castings are used as molds for
plastic molding. Mold life may be extremely short, often well below 100 pieces; however, the
mold can be easily made without intricate machining.

Steel

When strength, resistance to wear, and resistance to accidental damage are factors, steel
is an obvious choice of mold making material. Tool steel is easy to machine, readily available,
inexpensive, and can be moderately case-hardened at a minimal cost. Sprue bushings, cores,
inserts, and thread forms can be made easily in tool steel and then case-hardened if necessary.
To avoid the problems of heat treatment, tool steels or drill rod are highly recommended. These
materials, although partially hardened, can be machined and polished and are favorites for
sliding cores and loose inserts. Large hand operated molds should not be made out of steel due
to the weight. A steel plate that is 5" x 6" x 2 1/4" weighs 20 pounds. A piece of aluminum the
same size is only 7 pounds. In many applications it is better to have an aluminum mold base
with steel inserts for ease of handling.

Other often used materials come in the form of ready-made components. They include
hardened steel dowels used for location pins and cores, and ejector pins, which are available in
many sizes, may be used as core pins.

MOLD FINISHING

Every mold, core, or cavity requires some finishing. First and foremost among the
finishing operations is polishing. The idea here is to have a smooth surface as well as high lustre
on the mold working surfaces. First, all machining marks must be rubbed away, and all
undulations or ripples in the metal surface removed. Only then will polishing be effective. The
tools used are as follows:

For removing rough machining marks, lightly sand with emery or carborundum cloth.
Next, rub with a rough polishing compound (approximately 280 grit) on balsa or hard
wood sticks. Felt pads used in motorized hand tools can also be used with compound.
For a finer finish, use a 600 grit compound finishing with a metal polish on cloth.
Remember the molded part appearance will be no better than the surface finish of the
mold cavity and core. Polishing may account for 10 to 15 percent of the total mold
making time.

Protective coatings such as chrome or nickel plating, hard anodizing, or case hardening
should only be applied after thorough polishing. Likewise, surface texturing, for example, and
blasting to remove lustre, or photo-etching to produce a pattern, must be applied over a smooth
surface to achieve the desired quality.
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CHAPTER THREE

PART DESIGN AND MATERIAL SELECTION

When designing a part for injection molding, the method of toolmaking becomes an
important consideration. It is the designer's responsibility to consider the alternatives and
produce a design which is moldable using conventionally made toolings.

First, break down a part into simple components. Two or three simple pieces are often
easier to tool than one complex part. The parts can be assembled easily together using snap-fits,
solvent bonding, ultrasonic welding, as well as conventional use of rivets, eyelets, screws, etc.
When quantities are not high, the assembly labor will be more than justified by the savings in
tooling cost.

The most significant rules in part designing are keep the wall sections constant, and use
adequate draft on all vertical surfaces. Indicate on the part drawing the location of the parting
line. Show clearly the direction and angle of draft on the inside and outside faces. If a situation
calls for "no draft" on a part, have extra material on the part and mold it with draft. Use
secondary operations to remove the excess material and generate the parallel surfaces.

Wall thicknesses on molded parts are typically from .03" to .100". Excessive pressures
are needed to push material into cavities with less than a .03" wall. Sections over .200" will tend
to cool too slowly and stresses and sink marks will result.

It is bad practice to have extremes of thickness or localized heavy sections on a plastic
part. Differences in cooling and chilling rates will invariably cause warpage in the finished item.
When a heavy section must exist, use it as filling point for the cavity. Gate into a heavy section
if possible; try never to fill a heavy section from a thin section.

The best possible source of information for the plastic parts designer is to study ready-
made parts in the office, stores, and home. Examine the parting lines, drafts, gates, ejectors,
surface finish, and try to judge the material. Probably the most critical decisions facing the
designer are establishing acceptable tolerances and selecting the material. To a great extent one
will affect the other, and both can significantly affect costs.

TOLERANCES

The most common error made by designers using plastics is to call out tolerances
normally found in metalworking. The skilled toolmaker can cut cavities and cores in metal as
accurately as any other fine machinist; but as in other industries, close tolerances cost money.
Once the mold is made, the parts coming from it will not all necessarily be the same size.

All plastic materials will shrink when cooled from a plasticized semi-fluid to a chilled
part. The shrinkage will depend on the mold temperature and the material temperature change.
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If a cavity is cut exactly four inches long at 70°F, then is heated during the molding process to
200°F , it will increase in length and so will parts molded in it. If the mold expands .005" in
length, the minimum part variation will be greater than this. If, in the same mold, a part is shot at
500°F and another part is molded from material plasticized at 600°F, the parts will vary in length
due to shrinkage factors. Indeed, parts will actually shrink on a three dimensional basis thus
creating even greater potential for tolerance variation.

A third factor is the variation in material shrinkage even when the plasticizing and mold
temperature can be held constant. These changes can be the result of ambient temperature or
humidity fluctuations, or of changes in injection pressure and speed.

When a machinist is to cut a cavity, he must estimate how much oversize he must
machine to allow for shrinkage. This shrink allowance can vary from .002 to .004 inch per inch
for materials such as polystyrene up to .020 to .025 inch per inch for different grades of acetals.
It is not reasonable to demand a +.000 -.005 tolerance on an inch since this leaves no latitude at
all for the toolmaker or molder. Close tolerances can be achieved in plastic but only if mold
dimensions can be adjusted after the mold is sampled. This way actual shrinkages are
established and the process variations are held to tight limits. (See Appendix Il for machining
shrinkage factors.)

Many studies have been run to establish the relationships between tolerance and cost.
The results of one such study are graphically displayed below. Plastics are almost always used
to reduce manufacturing costs in a product. Only careful designing and critical study of actual
tolerance requirements can maximize these savings.

X101
COST TO TOLERANCE RELATIONSHIP
x 8 1
COST FOR A
FACTOR 6
X SINGLE OPERATION SET-UP

TOLERANCE * INCHES
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THERMOPLASTIC MATERIALS

The physical properties of injection moldable materials vary from the soft flexibility of
gum rubber to the brittleness of glass; temperature resistance varies from complete softening and
dissolving in hot water to an ability to withstand a brief exposure to flame. Costs vary from a
few cents to several dollars a pound. (See Appendix Il for physical properties and cost per
pound.) The decision as to which material to use for an application need not be a difficult one
since over ninety percent of thermoplastic parts used are made from no more than a dozen basic
materials. Often a part can be successfully made from any one of a number of available
materials. Listed below are the most commonly used thermoplastics with a brief description of
their most notable characteristics and uses.

A.B.S.

A.B.S. is a copolymer - a mixture of acrylic (which gives it a high lustre and hard
surface), butadiene (a rubber which adds impact strength), and styrene (a rigid, low-cost base).
Telephones, typewriters, instrument cases, and household appliances are made from A.B.S. It
colors well, resists staining, and solvent bonds easily. Low cost.

Acetal

Parts which must maintain a springiness such as latches and snap catches are usually
made of acetal since it strives to retain its molded shape. A low co-efficient of friction, good
wear resistance, and rigidity make it excellent for bearings and gears. It has excellent resistance
to chemicals. Medium cost.

Acrylic

This material has good optical clarity and is available in brilliant, transparent colors that
are stable against discoloration. Its glossy surface and high-impact strength is resistant to
outdoor weathering. These characteristics plus excellent electrical and heat properties make this
material widely used for light control lenses. Medium cost.

Nylon

As any ardent fisherman will know, nylon is a tough material with a high resistance to
abrasion. It tends to be self-lubricating and is used extensively for bearings, gears, and wear
surfaces. Nylon is resistant to common solvents. Molding is made more difficult by the
material’s narrow processing temperature range and its extremely high moisture absorption rate.
Medium cost.

Phenylene Oxide

This is a high-temperature resistant material used for electrical components such as
switch housings and junction boxes. It is hard, wears well, and will solvent bond. High cost.
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Polycarbonate

This material is extremely tough. Impact resistance is its real asset although clarity and
surface lustre make it a favorite for appliances such as electric drill housings and handles for
kitchen appliances. Windows and lenses are often molded of polycarbonate particularly for non-
breaking uses. Polycarbonate will solvent-bond readily. High cost.

Polyester

Polyester is dimensionally stable and has low moisture absorption. It has excellent
resistance to a broad range of chemicals such as gasoline, alcohols, and dilute acids and bases.
Many parts requiring impact strength, smooth surfaces, and good wear properties are made of
polyester. Medium cost.

Polyethylene

Many food containers used in the home are polyethylene. So are many toys and utensils.
The material will float on water, has a waxy feel, scratches easily, and resists most solvents,
chemicals, and detergents. It molds easily at low temperature, has high dielectric strength. Low
cost.

Polypropylene

This is the lowest density common plastic. It floats easily, can be sterilized by boiling,
has a high lustre surface, molds easily, and is fast replacing other plastics in the electronics
industry as a component material. It will not absorb water, and it resists most chemicals and
solvents. Itis flexible, but has poor wear resistance. Hinges molded in polypropylene will
frequently exceed one million flexings without failure. Low cost.

Polysulfone

Polysulfone is strong, rigid, and has a very high heat-deflection temperature along with
excellent electrical properties. It is toxicologically inert, resistant to stain, taste, odor, and a wide
variety of chemical compounds found in food and medical environments. High cost.

Styrene

Styrene varies from a crystal clear, brittle material used for cosmetic containers and
transparent boxes for low-cost jewelry items to flexible, high impact colored plastic used for toys
and low cost containers. It has low resistance to chemicals and heat, will solvent bond easily.
Low cost.

UM10158_Inj_molder_0914A

54



Urethane

The wear resistance of this material is often many times that of rubber compounds, and it
resists oils and many chemicals. Usually rubbery in feel and flexibility, its uses include noise-
free, long-wearing gears and drive belts, electronic encapsulations, shoe heels and impact or
shock pads. High cost.

Vinyl (PVC - Polyvinyl Chloride)

Most electrical wire coverings and plugs are made of vinyl. It is the most widely used
encapsulation material for injected electronic components. It molds easily at low temperatures
and will reproduce fine mold detail. Most vinyls are heavily plasticized by the addition of oil-
like materials. It has poor temperature resistance and if over-heated, it discolors, can
disintegrate, and emit chlorine gas. Vinyl can be solvent-bonded but has low chemical
resistance. Low cost.

FILLERS AND MODIFIED MATERIALS

In order to improve or change the physical properties of thermoplastics, other non-
thermoplastic materials are added to the granules by the materials manufacturers. Some of the
most common fillers and their values are discussed briefly below:

Glass

Fibers of glass, similar to glass cloth, are mixed with many materials such as nylon,
phenylene oxide, and polypropylene to increase the material strength. Percentages are from 10
to 40% of the filler. Both impact and heat resistance are greatly increased. Moldability is often
improved by the glass because it acts as a good heat carrier, speeds plasticizing, and aids flow
into thinner sections. Gate sizes may need to be increased especially with the higher fill
percentages due to higher viscosity.

Glass beads are also being used as a bulk filler and cost reducer in some more expensive
materials. Surface hardness is increased and shrink rates are considerably reduced. The glass
particle sizes are extremely small so gate sizes are not affected. Moldabilty is often improved -
especially with nylons.

Lubricants
For the production of parts subjected to high wear or abrasion, lubricants such as
powdered teflon or molybdenum disulfide (MOS) are added in small quantities. Percentages

would typically be from 2 to 5%: wear resistance is increased, and since the lubricant is
impregnated into the part, external lubrication is often avoided.

UM10158_Inj_molder_0914A

55



Carbon Fibers

Thermoplastics that are fortified with carbon fibers have a strength and modulus value
similar to die-cast alloys. The strength, lubricity and conductivity of carbon-filled materials has
opened doors for plastic applications not previously possible.

Plasticizers

Some materials, such as vinyl, are naturally hard and brittle. To make such materials
flexible and soft, oil-like chemicals are added in quantities from 5 to 30%. A normal plasticizer

is D.O.P. di(2-ethylhexyl) phthalate which will attack some thermoplastic materials. Styrene
should never be used in close contact with vinyls containing plasticizers unless considerable
product testing is first done to evaluate any possible problems.

Other fillers commonly used include chalk, wood flour, titanium dioxide, ceramics, and
metallic powders. The material suppliers' specification sheets will give full details on fillers and
material properties.

* * *

Materials such as polypropylene and polyethylene are known as homopolymers since
each is a pure polymer. When these materials are mixed by the materials manufacturer during
processing, the resulting blend is known as copolymer. This term denotes only that the material
is a chemical blend and has physical properties resulting from both parent materials.

The material manufacturer can modify his materials’ physical properties by changes
within his process. Such changes are known as cross-linking. This phrase "cross-linked" will be
noted in the manufacturers' specification sheets and is usually associated with considerable
increases in the physical strength of a material. Most polymers consist of molecular chains (long
series of chemical groups joined end to end). These groups tend to align during processing like
short lengths of chain piled in a box. The strength of the material is related to the length and
strengths of these chains. Cross-linking, as the name implies, involves adding extra links
between each chain and its neighbors. This process has gained importance and specification
sheets should be studied for resulting changes in physical and molding conditions.

Physical properties and molding conditions of many commonly used materials are listed
in Appendix Ill. This appendix is only a guide. Space prevents a complete, comprehensive list
of materials. It is highly recommended to refer to the material manufacturer's information data
sheet before processing any thermoplastic. Any person who works with plastic materials should
be aware of any cautions, hazards, or special handling procedures that may be required.
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CHAPTER FOUR:
EPOXY TOOLING

No study of low-cost tooling could be considered complete without a long, careful look at
the advantages offered by poured epoxies. The cavity, and often the core of a mold, can be
produced by pouring and heat curing a high temperature epoxy around a pattern or prototype
part. When the pattern is removed, every detail, even finger marks on the pattern, will be
faithfully reproduced.

ADVANTAGES

The advantages of epoxy tooling include the short time required to produce an extremely
accurate and detailed mold, the low cost of materials, and the very significant savings in
toolmaking labor. After some practice, good molds can be made by persons totally unskilled in
normal moldmaking procedures. The equipment used - the mixing bowl, stirring stick, and
simple oven - are far more readily available in the laboratory than the lathe, mill, and hobbing
press.

LIMITATIONS

The limitations of epoxy tooling are involved with the need for an accurate pattern or
prototype part to duplicate, and the life of the tool in terms of its ability to produce duplicate
parts. The epoxy materials, although hard and rigid to the touch, are not as strong as aluminum
or kirksite. The mold wear from abrasion is greater. Epoxies are generally strong in
compression but poor in tensile or shear load conditions. It is necessary then to back-up the
epoxy with a metal box and to avoid thin, unsupported members within a cavity or core.

An additional limitation involves the rate at which epoxy can transmit and dissipate the
heat created in the process of injection molding. Simple two part epoxies are, in fact, good
insulators. To overcome this problem, epoxies used in preparation of molds are heavily filled
with powdered metal, usually aluminum. These fillers improve heat transmission and increase
the strength and surface hardness of the materials. It is not uncommon, however to have long
mold closed/injection cycles (often two to three times longer than those with conventional
metals) due to the slow heat transfer rates.

TYPES

Mold making epoxies are of the two-part type. Part "A" is a metal-powder filled resin.
Part "B", the hardener, is either a liquid or a powder. These are mixed thoroughly together
usually in a ratio of three parts "A" to one part "B". Once mixed, the material has a workable life
of about a half-hour before starting to gel. Three companies make epoxy materials used to
produce injection mold cores and cavities. They are The Devcon Corporation, Furane Products,
and Ren Plastics (a division of Ciba-Geigy Corporation).

All of these materials require heat curing. Once cured, the epoxies will withstand
injection molding of thermoplastic materials at 600°F or less.
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ECONOMICS

The costs of epoxies used for moldmaking are in the range of $18 to $20 per pound. The
volume of one pound is approximately 16 cubic inches of mixture. When using a metal back-up
shoe around the cast resin, it is seldom necessary to use more than half an inch thickness of
epoxy. This means that when making a core and cavity for a part 3" x 3", the total epoxy used
would be approximately 1/2 pound or $10 maximum cost.

The shoes or back-up boxes can be reused. Once a mold has completed its required
production life, the epoxy can be removed and the shoes are then available for housing a new
mold (or re-pouring the old one should it be damaged or wear out).

Experience has shown that the economic savings involved with epoxy tooling housed in
reusable shoes can be as great as 70% of the cost of conventional tooling. These costs do not
include the availability of metal working equipment required for conventional tool building.

MANUFACTURING OF EPOXY MOLDS

Design

There are two basic types of epoxy tools used for injection molding. These are the
simple short-life hand mold (see page 92), and the Class "B" short-run tool, cast directly in the A
& B plates of a conventional mold base (see page 94).

A simple drawing should be prepared for the mold, indicating the size of the pocket and
the position of the parting line. A good practice is to draw the outline of the pattern first using a
red pencil. Then draw the mold around the pattern using the parting line and the sprue positions
to locate the mold plates. Two views, a plan and a side view, will be necessary to show the
details and establish the pocket size. A good rule of thumb is to allow one inch of aluminum or a
half inch steel plate around the epoxy as a back-up.

Pattern Making

The pattern can be made of any material which will withstand the first stage processing
temperatures of approximately 200°F without deforming or giving off gas. Metal, plastic, and
wood are most commonly used. Metal patterns should be free of bumps, machine marks, or
rough surfaces. Plastic patterns should be of sufficient strength to allow for removal from the
solidified epoxy after the first heat stage of curing (pre-cure). Wood patterns, which are easily
constructed, are the most critical in terms of finishing requirements. All porosity must be
eliminated and the wood grain smoothed, or the poured epoxy will adhere firmly to the pattern.
It has been found from experience that the shellac-based varnishes, often used for wood pattern
finishing in the foundry industry, are not suitable for use with epoxies. They tend to soften,
become sticky, and often give off gas during pre-cure baking. The liquid polyethylene finishes
and the vinyl emulsion wood glues, when brushed or rubbed well into the wood and thoroughly
dried are more acceptable.
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The final preparation of the pattern is a most important phase of epoxy moldmaking.
First, rub or spray a hard wax-type parting agent on the pattern and allow this to dry. Then buff
well and repeat the process. When you are absolutely sure that the pattern has been thoroughly
coated with parting agent, wax it once more! Remember, epoxies are among the best known
adhesives and will bond readily to most surfaces. They will not bond to a surface which is well
waxed or well protected with silicone. Use one or both of these parting agents generously.

For critical dimensional areas, the pattern should be made larger than the required
finished product by the amount dictated by the "shrink" of the thermoplastic material to be
injected into the finished mold. If a part dimension must be one inch long when molded in ABS
with a shrink rate of .005 inch per inch, then the pattern must be made 1.005 inches long. The
shrinkage of the epoxy moldmaking material is very low. In sections of no more than a half-inch
thick, it can be disregarded entirely.

Mounting the Pattern

Before the epoxy can be poured, the pattern must be properly mounted. When it has a
flat surface at the parting line, such as a flat disc or cup-shaped item, the pattern can be easily
secured to a flat surface such as a sheet of glass or metal using a layer of double-backed tape.
The entire surface must now be waxed and buffed and can be lightly sprayed with silicone
parting agent. Position over this the shoe or box and secure in place with weights or clamps.

When a part has detail on both sides of the parting line (a sphere or a cylinder), it must be
mounted into a layer of soft clay with the lower portion submerged into the clay so that the other
surface of the clay is at the parting line (imagine a marble pressed into a layer of clay until half
submerged). The top surface of the clay should then be leveled and smoothed. Next, oven-dry
the clay with the pattern in place. Plaster of paris may be used in place of clay and should be
also thoroughly dried.

Next, thoroughly seal and wax the clay or plaster as described for wood preparation.
Finally position the box or shoe over the pattern and secure in place.

The complete assembly should then be put on a heater plate or preferably in an oven and
raised gently to 200°F.

Mixing the Epoxy

It is essential for the preparation of good epoxy mixes that two rules be strictly observed.
First estimate the amount of epoxy required using the known fact that one pound equals 16 cubic
inches. Then MEASURE CAREFULLY the CORRECT amount of hardener, stirring well with
a tool. The mixture must now be THOROUGHLY MIXED by stirring slowly by hand for at
least five minutes. Then return the mix to the oven.
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Machine mixing is not advisable because it folds air into the mix, and air entrapment is
the biggest cause of epoxy mold failure. Bubbles on or near the mold surface will rupture under
molding pressure and cause parts to hang in the mold.

While the mix is reheating and bubbles are riding to the top, the heated mold half can be
removed from the oven and positioned for pouring. Remember that as epoxy is poured into the
molding box, air must be allowed to escape. It is good practice to put the mold and plate
assembly on a heater plate and tilt it slightly so that the epoxy can be poured at the low end of
the mold. The level of the liquid epoxy thus rises slowly in the mold avoiding air entrapment.
When full, the mold can be returned to the oven for pre-cure. If possible, leave the filled mold in
the oven at 200°F overnight.

When fully pre-cured, remove the flat plate from the parting line of the mold. Leave the
pattern in the mold or replace it into the molded cavity. Once again, thoroughly wax, buff,
rewax, and spray the mold parting line and underside of the pattern. Place the lower mold shoe
in position using the dowels to locate it accurately. Bolt or clamp the mold halves together.

Mix, heat, and pour in the lower mold shoe as per the upper half of the mold and pre-cure
in the oven. Next remove the pattern and complete the mold cure as recommended in the epoxy
manufacturer's instructions.

Mold Finishing

In many cases, the only machining required to complete the mold is the drilling and the
hand reaming of the sprue passage. As for all metal molds, the sprue must be tapered. Wherever
possible, use a straight flute pin reamer.

Runners should be cut where necessary using a ball end mill cutter. There should be no
need to polish an epoxy mold if the pattern was correctly finished; however in areas where the
epoxy is machined a good polish can be obtained with the use of a lightly abrasive metal polish
applied with a soft wood polishing stick or a cotton-tipped swab. After polishing, apply a
coating of hard wax and buff well.

If an abrasive plastic material such as a "glass filled" is to be injected into the mold, it is
possible to Teflon® coat the core and cavity. First remove all traces of wax from the epoxy
using a solvent or a degreaser such as carbon tetrachloride; then spray or paint on a thin coating
of Teflon "S™ and air dry. Next bake the mold at 350°F for two hours to harden the Teflon.

(Note: Teflon is a registered tradename of the DuPont Company. Teflonisa PTFE
compound. PTFE stands for polytetrafluoroethylene which is a class of fluoroplastic. PTFE is
sold under other tradenames such as Halon by Ausimont, USA; Fluon by ICI Americas; and
Hostaflon by Hoechst Celanese.)
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Metal core pins or inserts should be added to the mold after the final oven cure. DO
NOT mold metal inserts, cores, or ejector pins into the epoxy. These will all complicate the
moldmaking and tend to cause stresses and air entrapment. Add these details as is done with
conventional all-metal tooling.

The remaining item is venting, which is extremely important in epoxy tooling,
particularly since injection pressures should be kept as low as possible. Venting techniques
described in the metal tooling chapter apply equally to epoxy tooling. Finally, it is
recommended that a good mold release agent be sprayed into the mold cavity and core. This is
preferable to a layer of well buffed hard wax.

RUNNING OF EPOXY MOLDS

In order to prepare and extend the life of epoxy tooling, care should be taken during its
use to prevent accidental damage. First, gently warm the mold to its running temperature as
required to suit the material to be injected. Clamp the mold firmly but slowly (without sudden
impact). Inject the material at a moderate or slow rate without undue use of high pressures.

Because of slower-than-metal heat transfer rates, the chill times after the completion of
injection and before mold opening should be extended by approximately a factor of two. A part
which in all metal tooling would chill in 15 seconds should be allowed a full 30 seconds to chill
(possibly longer). Adjust this "holding time", including maintaining the pressure of the injection
ram, until acceptable parts and cycles are attained. If the temperature of the mold continues to
rise, reduce the frequency of injecting parts into it. After a part is ejected, wait a short time
before reusing the mold. Class B tools can also be cooled by circulating cold water through
holes drilled in the shoes or mold plates surrounding the epoxy.

MOLD LIFE

The complexity of the part being shot, the care taken in moldmaking, handling and use,
and the type of material being processed all affect the life of an epoxy tool. One hundred parts is
a normal expected life of a tool maintaining close tolerances and using high temperature
materials.

Some epoxy molds can produce at least a thousand parts if carefully used with non-
abrasive plastic materials. There are instances on record of epoxy tools producing over 50,000
shots. If the pattern is retained after completing the mold, a worn or damaged mold can be
remade using the shoes or mold plates a second or third time. Often only one side of a mold
need be rebuilt. Simply place the pattern into the good half of the mold and recast the worn
section.
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MOLD REPAIR

Repairing an epoxy mold is usually a simple task. Machine or scrape away an area
around the damage. Drill a hole through the mold to the back if necessary. Carefully wax a
molded part or the original pattern and press it firmly into the mold. Heat to remove the pattern,
and complete the cure as recommended. Rewax the mold and continue with production.

In summary, epoxy tooling has been found to be an excellent prototype alternate
technique - particularly when dealing with complex shaped parts. In the absence of significant
machine shop capability, it may be the best economical technique for producing useful and
quality prototype parts. In some cases, it is the mold building technique of choice for making
low volume production runs. Epoxy tooling is a significant viable avenue in the search for
practical prototype and low production methods.
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CHAPTER FIVE

CASE EXAMPLES OF SHORT-RUN

MOLDING REQUIREMENTS

The following case examples are intended to illustrate tool design, construction, material
selection, and the molding process. In most examples, short-run molding is compared with an
alternative method of fabrication and costs of both approaches are estimated. These examples
are based on actual case histories: however, where necessary, costs and lead times have been
approximated. Also adjustment of hourly rates for inflation and local conditions may be required
in some examples especially as the cost justifications have not been "rescaled" since their actual
occurrence. As an average, the estimated cost savings at any point in time are in excess of 65
percent of the alternate method of fabrication, and the savings in lead times are equally
significant. You will note that for many of these examples, the only possible manufacturing
process was injection molding.

The selection has been grouped as follows:

A Series - 2 plate tools emphasizing lathe work

B Series - 3 & 4 plate tools emphasizing lathe work
C Series - 2 plate tools emphasizing mill work

D Series - multi-cavity & semi-automatic tools

EP Series - epoxy tooling

EDM Series

tools using EDM technique

Emphasis has been placed on hand molds and semi-automatic tools of the Class B
designation. Some repetitive items such as mold mounting holes and slots, hidden lines and
other common details have been deleted from some sketches in order to "highlight" other mold
design features. Many of these could have been built as Class C tools, the parts finished with
secondary operations, and the total economics of the job improved.

The indirect advantages of this short-run injection molding approach include: reduction
of parts inventory as interim production requirement for parts can be completed and the tool
returned to storage; flexibility of production scheduling due to low lead times for first samples
and quick set-up for subsequent production runs; savings of purchasing and accounting
overheads; and full control by production management over quality assurance.

If your applications are primarily in R&D and product development, the in-house
injection molding approach enables you to maintain better control over proprietary information,
promotes strong feedback between design and molding results, as well as rapid project
turnaround at lower tooling costs.
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PART REQUIREMENT

DESCRIPTION: Cover/Indicator NUMBER: A-1
MATERIAL: Translucent - celor tinted plastic
QUANTITY: 1,000 parts
COST ANALYSIS
ORIGINAL MANUFACTURING METHOD:
Purchased item, lead time 6 weeks
3 colors - varying color ratios
Minimum purchase - 1,000 parts x 55¢ each $550
SHORT RUN MOLDING METHOD:
Tool cost - 4 hours x $10/hr. + material $ 55
Molding cost - 12 hours x $5/hr + material 65
Lead time - 1 week $120
~ Estimated savings: 5 weeks and $430
ENGINEERING DETAIL
MATERIAL SELECTION: "Cellulose" acetate, butyrate or propicnate

Réason: Optically good, translucent colors available, high-
impact strength, flexible (for press flt to panel),

dlmenSLQnally stable

TOOL: "A" plate part cav1ty WLth small Sprue gate for aesthetlc

_-reasons

0 plate pollshed and sandblasted to 91ve dlffused llght

'effect

EXPECTED_TOOL LiFE: 5’000=parts'”

PRODUCTION RATE' 80 parts ‘per hour —-by hand

EQUIPMENT: Morgan Press G-55 w1th'"B" (3/16") orlflce ball nose

~ nozzle and nozzle adapter
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PART REQUIREMENT
DESCRIPTION: Cap Nut - ' NUMBER: A-2
MATERIAL: Glass-filled Phenylene Oxide (Noryl)

QUANTITY: 100 parts

COST ANALYSIS

ORIGINAL MANUFACTURING METHOD:

Machined from acetal (Delrin**) bar stock
Cost to lathe and mill - 30 hours x $10/hr $300

SHORT RUN MOLDING METHOD:

Tool cost - 6 hours x $10/hr + material $ 65

Molding cost - 2 hours x $5/hr + material 12
Lead time - 2 days $ 77

- Estimated savings: $223

ENGINEERING DETAIL

MATERIAL SELECTION: 20% Glass-filled Phenylene Oxide
Reason: High strength, low cold flow, 1ight weight
TOOL: "A" plate is cavity and sprue gate

"B" plate is core and base

EXPECTED TOOL LIFE: 500 parts

PRODUCTION RATE: 60 parts/hour - hand operation

EQUIPMENT: Morgan-Press G-55 with heater plate and "B" (3/16")
orifice ball nozzle :

*Noryl is a trade name of the General Electric Co.

**Delrin is a trade name of the DuPont co.
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PART REQUIREMENT

DESCRIPTION: Timer Knob with set screw ' NUMBER: A-3

MATERIAL: Noryl

QUANTITY: 200 parts

COST ANALYSIS

ORIGINAL MANUFACTURING METHOD'

Turn and mill from aluminum bar - anodlze black
Cost - 200 x $3.75 each $750

SHORT RUN MOLDING METHOD:

Tool cost - 12 hours x $10/hr + material . $135

Meolding cost - 7 hours x $5/hr + material 40
Lead time - 3 days _ $175
Estimated savings: 2 weeks and _ : : $575

ENGINEERING DETAIL

MATERIAL SELECTION: Noryl, SE~-100, black

Reason: High strength, low cold flow, high heat resistance,
good surface finish

TOQL: "A" plate is core and reverse'tapered sprue with gate.
"B" plate is base and locator for 1nsert

Insert is hobbed after lathe turnlng and pleces fit into "B"
plate.

Screw is standard allen cap

EXPECTED TOOL LIFE: 500 pleces

PRODUCTION RATE: 30 parts/hour f hand cycle

EQUIPMENT: Morgan- Press G 55 With heater plate,'"BF ball'nozzle and
nozzle adapterE o L -
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DESCRIPTION: Knob, Control Valve (Custom) _ NUMBER: A-4
MATERIAL: Polypropylene - black
QUANTITY: 50 pieces
COST ANALYSIS
ORIGINAL MANUFACTURING METHOD:
Purchase a standard knob and modify to fit square shaft
Cost - 50 x $5 (Estimated)
Lead time - 3 weeks $250
SHORT RUN MOLDING METHOD:
Tool cost - 10 hours x $10/hr + material $125
Molding cost - 2 hours x $5/hr + material 12
Lead time - 3 days $137
Estiﬁated savings: 2 weeks and $113

PART REQUIREMENT

ENGINEERING DETAIL

MATERIAL SELECTION: Polypropylene - black

Reason: High-lustre finish, will press onto shaft without
cracking, low cost and easy to mold

TOOL: "A" plate - cast alumlnum with standard purchased knob as

pattern

Casting cost is about $f5 in #356 alloy. Core is i" diameter

dowel with flats ground on to match shaft of valve.

EXPECTED. TOOL LIFE 500 pleces

PRODUCTION RATE: 40 parts!hour = hand cycle

EQUIPMENT: Morgan- Press G 55T w1th "B" ball nozzle and nozzle
. adapter ' : .
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PART REQUIREMENT
DESCRIPTIQON: Electrical Cable End ~ 5 part wire NUMBER: A-5
MATERIAL: = Soft Vinyl - grey

QUANTITY: = 5,000 pieces/month

COST ANALYSIS

ORIGINAL MANUFACTURING METHOD:

" purchase. from custom molder QZno bidders

SHORT RUN MOLDING METHOD* 

Tool ccst - 12 hour& X $10/hr + material - IR $135
Molding cost -~ 60 partsﬂhx x ‘$5/hr - 8¢ each EE
Piegce cost - 9¢ ‘each

One operatcr.x 60 shots/hr produces 2,400 parts .a week

ENGINEERING DETAIL

MATERIAL SELECTION: Vinyl - soft, grey

Reason: Material is fiex1b19, good electrical resistance, easy
e to mold, low cost, gocd surface flﬂlsh

?OOL: 1015 Cold Rolled Steel

All steeln*:nlckei Qlated for protectlon agaxnst carrosien
frﬁm v1nyl :

EXPECTEE TGOL LIFﬁ* 25 GOG pleces--'

PROD&CT;GN-RATE 66 parts per hour = hand cycle

EQUEPMENT : Margan Pxess G SST w1th shut off nozzle and. nozzle
S adapt@r ' : : :
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PART REQUIREMENT

A&

DESCRIPTION: Print Wheel NUMBER :
MATERIAL: Delrin
QUANTETY{ 25 prototype parts only
‘COST ANALYSIS
ORIGINAL MANUFACTURING METHOD‘
Purchased turned and engraved aluminum rings.
Turning 25 x.$3/each 5 75
Engraving - 25 x 87, 50 each (36 characters) 130
Lead time - 3 ~ 4 weeks : i 3 265
SHORT RUN MOLDING_METHGD:
Tool cost - 6 hours ¥ $10/hr + $25 engraving $ 85
Molding cost - 2 hours x $5/hr (set up and run}) - 10
Lead time - 2 days to first part $ 90
$ 170

Estimated savings: 23 weeks and.

ENGINEERING DETAIL

 MATERIAL SELECTION: Delrin (Acetal)

Reaéon&_ Prov1des a hard surface, high Strangth geod surface

detall

TOOL: ALL alumlnum bar atock

”A#.plgte.;s Eprua seat, sprué and half ﬁavity;j

"B"'piateiis base and locator for 1nsert #1.

Insert #1 is cora and half cavxty Wlth revexsed engr§v1ng on

"face. o

EK?ECTEﬁfTOOL~izFE:' 100 piéCéé”

'_PRQDUCTIGN RATE. 56 pieces/haur = hand aycle

EQBIPMEET‘: Mcrgaanress G SET thh shut ~off nozzle and heater ?lata
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PART REQUIREMENT

DESCRIPTION: Retaining Ring - threaded and knurled NUMBER: A-7
MATERIAL: Lexan* - black

QUANTITY: - 1,000 parts a year

COST ANALYSIS

ORIGINAL MANUFALTURING METHOD

Purchased screw machine part& from alumlnum stock

Lead time - 5 weeks

1,000 parts x $1.25 each, plus $50.00 set up (51ngla

quantity discount purchase) o $1,300

. SHGRT RUN. MOLDING MﬁTHGD.

Tool cost - 10 hours x $10fhr + materlal ) ' “$ 1i0

Molding cost - 50 hours x $5/hr + material o ' S 180
Lead time - Parts to be run as needed S & 270
Estimated savings: 4 weeks and : $1,030

ENGINEERING DETAIIL

MATERIAL SELECTION: Lexan - black (Polycarbonate)

Reason: Extreme strength and 1mpact r931stanca, low cold flow,
s qccd phy51cal apyearanee .

TOOL @ - Alamlnum 2024 Td or. better such as 7075 Tﬁ

Inserts:—:ﬁl drill rOd

EXPECTE& TOOL LIFE,_ 5 GOQ pleces (thh sﬁeel 1nserts)

PRODUCTEQN RATE, 39 pL&cas/haur - hand cycle

'hQUIBMENT:: Margan press G 55 w1th shutwoff nmzzle and heater plate

* Lexan is a registered trade name of the General Electric Co.-
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PART REQUIREMENT

DESCRIPTION: Bevel Gear - Low Speed - o _ _ NUMBER: A-8
e Medium Load ) : :

" MATERIAL: 20% Glass-filled Nylon 6/6

QUANTITY: 75 parts per vear

COST ANALYSIS

ORIGINAL MANUFACTURING METHOL:

Purchase steel pinion: drill and tab hub _ _
Cost ~ 75 x 4.95 plus labor _ - - $450

SHORT RUN MOLDING METHOD:

Tool cost - lz'héurs % $10/hr + material : $125

Melding cost - 4 hours 'x $5/hr + material _ 25
Parts to be run as ngeded . $150
Estimated savings: R - o %300

ENGINEERING DETAIL

MATERIAL SELECTION: = 20% Glass—filled Nylon 6/6

Réason. ngh “impact, high load Carrying factor, easy to m@id,
v lmw shrinkage o SR .

TOQL VFA" 91&@@ iS sprue seat thh locator fer xnsext #iL
3Insert #1 lS 1nternal g@ar rlng hobb@d from metal g@ar
_“E"'plate is base part cav;ty. Bt '

Insert %2 is %“ diameter hard dowel -,7

EXPLCTEB TOQL

f?FE?: 1, ano parts : e
PRODUCTIGN RATE 20 parts/hour i han@ cyale

EQUIPMENT. Murgan Press G 55 w;th shut off nmzzle and haater plate
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PART REQUIREMENT
DESCRIPTION: Gear - light duty, timer head © NUMBER: A-9
MATERIAL:  Nylon 6/6

QUANTITY: 200 pieces a year

casT ANALYSIS

QRIGINAL MANUFACTURING METHOD:

Purchase Standard metal gears and modify
-Cost - 200 x $7.50 ' : _ $1,300

SHORT .RUN MOLDING METHOD:

Toal cost - 12 hours % $lG/hr + materlal : ,' . . $ 150

= Molding cest - 10 hours x $5/hr + material. 15
Parts to - be run asg needad : $ 225
 Estimated savings: o . $1,275

IENGENEERING_BETAIL_

MATERIAL SELECTION: Nylon 6/6
.'Raaéon: Rigid, .self;lﬁﬁriéating; gquiet running, easy'té mold
CToOL: AT 'pla_ﬁe.'is upper cav,tty and sprue seat |
 9Bﬂ°piaté;is lower aav;ty and base |
.Insert #1?2& 1nternal gear rlng to form teeth
:1nsert #Z'ié car@ = to farm hub _ . '_ e
* Mald halves are b@lted tog@thar {Gear O D.-  3 $@8“);

EXPECTEB TOOL LlFE“f 1 QGS parts

?RODUCTION RATE" 20 parts/hour-m hand run .

EQUIPMENT Morgan Pr@ss G- 100T glus shut off ngzzle and heater plate

* See page 105 Relationship of Clamp to Injection Pressure .
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'PART REQUIREMENT

DESCRIPTION: Tape spool - high speed : . NUMBER:

A-10
indexing tape deck - special custom
MATERIAL: High impact styrene - white
QUANTITY: 500 pieces total x 50 a month
 COST ANALYSIS
ORIGINAL MANUPACTURING METHOD :
‘Inserts in steel productlon base in large machlne
Tool costs - inserts/set and mounting : - oo % 350
Molding cost - 5 hours x $12 SO/hr + $35 seb up 97
Total cost _ _ : - % 447
Lead time - 6 weeks
SHORT RUN MOLDING METHOD:
Tool .cost - 12 hours % $lG!hr ' : ‘$ 120
Molding cost. - 17 hours x $5/hr + materzal . 95
Lead time - 3 days to first part : % 215
Estimated sa&ings: 5 weeks and $ 232 .

ENGINEERING DETAIL

MATERIAL SELECTION: Styrene - high impact; white

Reason: Rigid, light weight, white color to match customer
product need, good finish: '

TOOL: "A" plate is-upper cavity,:spiﬁe'géte:aﬁd n9zzle seat.
"B" plate 15 lower cav;ty and base : .
Insert #1 is split rlng
Insert #2 has’ rectangular ﬁéle fé §raduéé-dxive boss .
* Mold halves are bclted together (part 0 D. = 3"y,

EXPECTED TOOL LIFE l GQQ parts

PRODUCTION RATE: ED/hour - hy hand

EQUIPMENT: Morgan- Press G 55 w1th "B” ball nozzle

* See Page 105 Relationship ofﬁﬁlaéﬁaté;lniectian Presgures
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PART REQUIREMENT

DESCRIPTION: .Cover Tube - plague - _ NUMBER: B-1
' . presentation model :

- MATERIAL: General Purpose.styreae (platable)

_QUANTiTY&. 200 piéces

COST ANALYSIS
ORIGINAL MANUFAGTURING METHOD:
Machihe.frdm aluminum bar stock, polish and lacquer
Cost - 200 pieces .
Lead time - 2 Weeks _ _ _ $ 400

SHORT. RUN MOLDING METHQD

Ool cost -~ 6 hours X $10/hr ) - . _ $ 60

Molding cost - 4 hours x. $5/hr + materlal o s 59
Vacuum metalzze 200 pieces o .. 45
Lead time - 1 week. . - %127
Estimated savings;-l:wQek and : s $ 273

ENGINEERING DETALL

MATERiAL'SELECTIQN' G. P. Styrene

Reasonsi - Gocd smooth, surface flnlsh to be vacuum metallz@d,
R rigld law cest

TOQL ¢ '”A“ plate is cone and reversed sprus gate
”B" plat@ is base and cavmty '
E}ectar rzng added to axd egectzcn from core wlthout damage

EXPECTED TOﬂL LIFE: 50& p;eces].'

PRQDUCTION RATE'- 50 pl@C@S/hOUI - by hand i

QUIQMﬁNTt[ Mergan Press G~55 w;th “B" ball nozzle -and: nozzla adapter
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PART REQUIREMENT
DESCRIPTION: Housing - Corrosion Sensor ) NUMBER: B-2
EﬁTERiAL: Polypropylene

QUANTITY: 200/year

| COST ANALYSIS

'ORiGINAL MANﬂFACTURING METHODi

The sensor was cast in epoxy. This did ndét properly seal the
electrical components, thus causing underwater failures. The
process cycle was lqng and the rejection rate was high.

SHORT RUN MOLDING METHOD:

Tool cost - lathe turnlng {16 hrs X $20/hr) + mater;al $ 340
Molding cost - 8 hours x $8/hr + materlal : 70

Lead time -~ l week . % 410

ENGINEFRING DETAIL

MATERIAL SELECTION: FPolypropylene

Reason: . Easy to mold and very low moisture absorption rate

TOOL: 3" Rd-Aluminum 2024-T4.

"A" plate is sprue seat.
"B"-plate is cavity and. loeator for split ring.iHSQrt;'
e piatefis stripper plate.

”D“'plate is'hase and reverse core

EXPECTED TQQL LIFE l_@ﬁ@ parts

PRODUCTIDN RA?F SG'parts/naur - hand Cycle gf

QUIPMEKT Morgdn Press G- 109T w;th "B" baii nozzia
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PART REQUIREMENT

DESCRIPTION: Latch Nose - adjustable _ NUMBER: B-3
MATERIAL: = Nylon - metal filled

QUANTITY: '100_pieces_~ prototype only

COST ANALYSIS

ORIGINAL MANUFACTURING METHOD

1 cavxty inserts in existing steel maid base. Run on large
production machine. '

Tooling cost ' . $ 350
Molding cost - 1 hour x $12fhr + set up x® $35 . . A7

; Lead time - 4 weeks : _ _ $ 397

Tool cost - 10 hours x - $10/hr + material 6" x 2" dia. $ 105

Molding cost - 4 hours x $5/hr + material _— %22
Lead time - 3 days S . - $ 127
. Estimated de;ngs:' 3 weeks and - ' _ $ 270

ENGINEERING DETAIL

MATERIAL SELECTION: Nylon - metal fllled, bronze color

?Reasqq: Match custsmer-gxmductsf long—waarlng, very hlgh 1mpact
;*""“-  strength, : : . ok

TOOL: ' "A™: plate 15 thre&deézca

and Sorie gate (pate ta iRternal -
“not v1sible) Lo R T

1= 3” plate 18 cav;ty wall

' Base 15 1atch nose detazz

EXPECTEE TOOL LIFgﬁg 1, 000, parta

PRODUGTION RATE‘: Btheur-“ by hand

QQIF&E&; , Margan Press G- 55 w;th iR ball nozzlelfg
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PART REQUIREMENT

DESCRIPTION: Thrust:?late'~ low voltage _ NUMBER: - B~4
: ' switch’ :

MATERIA@:'_Styrene ~ medium impact

QUANTITY: 200/vear

. COST ANALYSIS

i GRIGENAL MANUFACTURING METHOD:

Machine from bar stock L
Labor -~ lathe and mill from bar stsck - 12 min/ea.

40 hrs x $10/hr B $ 400
Materlal ~ 15 feet of bar x $1.25/ft o _ 20

Lead time - 3 weeks o _ $ 420

SHORT_RUN.MOLDING METHOD:

Tool cost - 8 hourg E $1thr + materlal

(6" x 3" diametér aluminum bar stock) . $ . 85
Moldlng cost —- 4 hours X $S/hr + material _ 22
Lead time - 3 days - _ : $ 107
Egtimated savings:  2.weeks and o $ 313

ENGINEERING DETAIL

MATERIAL ShLECTION‘i Styrena ~ medium 1mpact

__Reason;_ lectrically Non- conductlve, dlmen51onally Stablegya-
Lo L rlgld_ Law cast -good impact reslstance e :

EQOLi._Three gldtasfwiﬁn_ athe turned locatlons.

”A“'plate ;& part caVLLy plus sprue gate for aesthetia
'reasons._ . D L : :

”B” plate lﬁ part cavzty and stripper plate.;_'
'-_Ease i part C&Vlty.--'

EXFECTED TOOL LIFE. 1 009 part&

PRODUCTION RATE.; 50 parts/hcur - by hand :

E UI?MEMT Morgan Press G 55 w1th gy ball nozzle and npzzielaéépﬁer_-
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PART REQUIREMENT

'DESCRIPTION: Cover - Photo Electric Switch: NUMBER: B-5

' MATERIAL: A.B.S.

_QUANTITY: 25 prototype parts and sales samples for customer approval

and evaluation of ultrasonic welding

COST ANALYSIS

ORIGINAL MANUFACTURI&G METEOD‘

Bypass prototyping stage - go dlrectly to preductlon

Teoling delays sales samples

Lead time~ 16 weeks _ _

Costs -~ Multi-cavity steel mold  $7,400
High probability of design change foliow1ng ' - :
initial pr@ductlon :

SHORT RUN_ MOLDING METHOD:

Tool cost - 12 hours x $10/hr + material’ S o$ 130

Mmlding'cost - 2 hrs x-$5/hr + material : 12
Tetal cost, samples - englneering, sales customers . % 142

Lead time - 3 days

NOTE: FPrototypes were granted provisional UL approval.

Estimated savings: 15 weeks of time, value of design evaluation.

bpefore high tooling dollar investment, oppertunity to test
‘molding of lens into part and ultrasonic welding parameters

ENGINEERING DETAIL

MATERIAL SELECTION A-B‘s;“'

8 Rgasqn;';?arts to be ultrasunlcally welded O assembly.. Outdoor
R Tl usage requires parts to be: ultrav;olet resistant and
weatherproof wmth good electrlcal res;stance and: low
.fagst;
TGGL;Qf“A“ plate 1s core- and ﬁprue gate.
_Z“B“-plate lS Cav1ty and znsert retainer.,

Basa 1s reverse ccre

EX?ECTED TQOL LIFE* 103 pleces, due ta alumlnum thread wear

PRODUCTIQN RATE o 12 p&rt&/h@ur

QUIPMENT; Mergan ?fess G 100T w;th "B” bail nozzle Sl
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PART REQUIREMENT

'DEbCRIPTIoN Engraved Chip/Business card - = - ‘NUMBER: C-1

'MATERIAL; Any-ccnventional_théiméplastit ~ any. color

‘QUANTITY: Estimated 5,000 pieces

| COST_ANALYSIS

ORIGINAL MANUFACTURING METHOD:

This is.a demonstrator tool for customer education and

evaluation of materials and color mixes. No previous method
existed. Tool used to demonstrate machine "in plant' by
dlstrlbutors

_SHORT RUN MOLDING METHOD

Tool cost ~ ‘Milling 6 hourS %.$10/hr + mater;al ' $ &5
Engraving - $40 {Outside Vendor) _ oo 40,
Chrome ‘and Nickel Plating (Out31de Vendor} : 30

: _ - % 135

ENGINEERING DETAIL

MATERIAL bELECTION

Mold des;gn@d and gated Lo ran. any conventlonai materlal {pre—'
calored or dry cclmred} T - .

TOOLﬁf'Alumlnum 2024 T4

"A"’piate for high qlass flnlsh for

CrEhrome- @lateﬁ_and-p-illhed
colcr evalua_lon ; o

Cavaty nlmkei pl&t@d fer zmprovad surface flnash and contrast

EXPLCT&D TOOL LIFE'f'ﬁ 0@& parts

PRODUCTIOH»RATE* 60'ple¢@s/houx dependlng on: materiai

EQUIPMENT;; Any Morgan ?r@ss madei w1th ball n@zzle and: nozzle 3
R ' adayter R . _ R : :
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PART REQUIREMENT

DESCRIPTION: Living Hinge ' o NUMBER: C-2

MATERIAL} Polyallomer, carbon black flller (in d;fferent
S ' chuentrdtlons} '

QUANTITY: - 25 pieces, for sub-zero temperature hinge evaluation

COBT ANALYSIS

ORIGINAL MANUFACTURING METHOD

Part must be 1njected molded

Estimated tooling cost =~ - ' : % 480
Set up and running ~ five color mixes _ S 120

Lead time - 6 weeks : o . - $ 600

SHORT RUN MOLDING METHQD:

Tool cost - mllling of. ‘blocks and. cavity :
' {12 hours x $10/hr) + material = _ - $ 140

Melding cost - § batch mixes and purging :

_ _ ' (5 hours x $5/hr) + material . s 30
Lead time - 3 days _ o ' % 170
Estimatedlﬁavings: 5 weeks and - o o £ 430

ENGINEERING DETAIL

._nge materlal f' w' easaly ﬁhrcugh Emall
gocd low temperat“,eﬁphysl &1 aharact@rlstlcs

TQOL:: Alumlnum 2324 T4,-Steel core pins (dowels)
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PART REQUIREMENT

- DESCRIPTION: Spring I _ . NUMBER: © C-3

MATERIAL: Delrin 500, natural color

QUANTITg:"zeo pieces

QQ&E_AﬁﬁLX§£§

'ORIGINAL MANUFACTURING METHOD‘.

Alternate method, machlne from Delrin plate :
Estimated mfg. cost {due to tight tolerances) - ' $ 800
Lead time ~ 2 to 3 w&eks

SHORT RUN MOLDING METHOD:

Tcel cost - milling of cavity & block (8 hours

% $1thr) + ' material S _$. 90
Moldlng cost - 4 hours x $5/hr + material ) 23
Lead time. - 2 days : _ ' $ 115
Estimated savings:' Q'Wéeks_and _ . $ 685

" ENGINEERING DETAIL

MATERIAL SELECTION: Delrin 500 natural

Reason: Excellent spring material, molds easily into hot mold
TOOL: Aluminum 2024-T4, 1° plate = |
Mill cavity into "B"'piate ~-no 10039 mor@g

EXPECTED TOOL LIFE: 500 pieces

PRODUCTION RATE: 60 parts/hour

EQUIPMENTi Mngan Press G-55 with ball shut*off nozzle, nozzle
' adapter,- and mold heater plate g
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PART REQUIREMENT

DESCRIPTION: Bezel EEs . NUMBER: (-4
MATERIAL: A.B.S. - black

' QUANTITY: 200 (100 sets - 2 pieces to a set)

COST ANALYSIS

QRIGINAL MANUFACTURINS METHOD ¢

Part must be injection molded - has a .008 high bead on
after-surface for ultrasonic¢ welding to mating assembly.
Estimated cost of conventional tooling and parts. ... % 550
Lead time - 6 weeks :

SHQRT RUN_MOLDING METHOD:.

Tool cost - mill cavity and ihsért'(lﬁ hdufs

K % $10/hr) + material - $ 160
Molding cost ~ 4 hours x $5/hr + materlal : 25
Lead time -1 weék, . _ - _ $ 185
Estlmated sav1ngs* 5 weeks and - . : % 365

ENGINEERING DETAIL -

MATERIAL SELECTION A.B.S.

Reason Has good appearance, good weldablllty and high strength
TOQL: Alumlnﬁm 2324 Tq_w lnSEIt same
EXPECTED TQGL LIF 0 pieces
RODHQTIQN RAT | 56}h5u£ ;;H Ciohii ey e
_leﬁmgﬂ_: Morgan Press G 55 with ball nozzle; nezzle aﬁapter;.prem
: heat plate e S R S ;
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PART REQUIREMENT
DESCRIPTION: Latch- - - NUMBER: C-5
MATERIAL: Nylon, bronze powder filled

QUANTITY: * 100 parts - sales samples

COST ANALYSIS

ORIGINAL MANHFALTURlNG METHOD

Parts must be molded
Material not avallable in bar form

Estimated cost of cgnventional tooi;ng _ . . % 800
. Set up and running _ ' 35

Lead time ~ 6 weekq S R _ $ 835

SHORT RUN MOLDING METHOD.

Tool cost - mllllng, lathe turning (36 hours x $10/hr)
+ ‘material ' $. 380 -

Molding ca&t ~ 2 hoéurs X $5/hr + materlal B : ' 15
. : % 385
Estimated savings: 5'weeks_and- T ST $ 440

ENGINEERENG DETALL

MATERIAL SELECTION. Nylon brenze filled

Reason ' High 1mpact strength low friction, looks i%k@
conventlgnal bronze 51ntered pdrt ' PR

TOOL: Alumlnum 2024 T4
Cav1ty cut in A &_S plates .
. Off-set sprue, side gate

EXPEGTED'TOOL LIFE: * 1, 000 piécésn"

PRODUQTION RATE SO/hour B hané cycle

QUIPMENT: Murgan Press G~ IGQT w1th ball Shut off nozzle,'nozzle
S *'_adapter, -and- mold heaher plate L
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DESCRIPTION:

- MATERIAL:

QUANTITY:

PART REQUIREMENT
Lamp Holder -~ . s ~ NUMBER: C-6

A.B.S5.; bla¢k 

1;200'parts”

COST ANALYSIS

ORIGINAL MANUFACTURING METHOD:

Alternate method - machzne tram black acryl;c plate
" Quoted cost S $1,400
Lead time - 5 weeks ' :

SHORT _RUN_MOLDING METHOD:

Tool cost - 40 hours X $10/hr + material . Lo o $ 430

Molding .cost - 40 hours X $5/hr + material - 240
Lead time - 3 weeks o _ % 870
Estimated savings: -g'weeks and - L o $ 730

ENGINEERING DETAIL

MATERIAL SELECTION: A.B.S., black

Reason:

Basy molding, ‘good finish; gaod dlelectrlc
characteristlcs,'rlgld

TO0L~.'Aluminum 2024~T4, stee;gcore pins, anﬁ-ctﬁss-pins_

EXPECTED TOOL LIFE 2, 500 parts

PRODUCTIQN RATE: 3thour - hand Cycle

EQUIPMENT:

Morgan Press. GleOT w1th ball nozzle préfheat plate and_

' nozzle adapter
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DESCRIPTION: Three pin Female Plug . C " NUMBER:

c-7
MATERIAL: Vlnyl.
QUANTITY: 10,000 assemblies
CQST AﬂALYSIS
QRIGINAL MANUFACTURIN@ METHOD
Parts molded on preductlon equlpment in 5, OOO part runs.
Tool cost C$1,600
Part price - 20¢ each $2:.000Q
Lead time -8 weeks "$3,600
'SHORT_RUN MOLDING METHOD:
Tool cost - 30 hours X $10/hr + @ngr&v;ng + materiai ‘$ 380
Molding c¢ost. -~ 250 hours x $S/hr + material 1,330
Lead time - first part 2 weeks . . C 81,710
Estimated savings: 4-6 weeké and . '$i,890ﬂ

PART REQUIREMENT

ENGINEERING DETAIL

' MATERIAL SELECTION: Vinyl, soft grey

~ Reason: Matches w1re coatlng in hardnass and color.

TOOL : Alumlnum 2024- T4'

Nmt affected by carroszve v1ny1 materlals B

= Must hard anodlze aluminum v

n_ckel plate steel

EXPECTEﬁgTOGL,LIFE 10,000 p”rts

PRODUCTEQN'RATE‘"r@G parts!haur-han'_ aad wires ta ‘ingert

EQUIPMENT _ Morgan Press G- 55 with wedge block and flat shut-off

nﬁzzle
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' PART REQUIREMENT

DESCRIPTION: Terminal Block - o : NUMBER: C-8

MATERIAL: Polysulfone

QUANTITY: 1,000 parts

COST ANALYSIS

ORIGINAL MANUFACTURING METHOD: .

Parts must be injection or compression molded .
Estimated cost of conventional tooling -
Set up, running and materials o :

Lead time - 5 weeks S : ,  S Co 5

SHORT RUN MOLDING METHOD:

Tool cost ~'20'hdﬁrs 'x-$10/hr + material .~ . §
Molding cost - 50 hours x $5/hr + material .
Lead tlme - 2 weeks : : S _ $
Esﬁlmated_sav1ngs: 3 weeks and - -'_ S %

675

210

885

240°
- 350

590

285

 ENGINEERING DETAIL

MATERIAL SELECTION: = Polysulfone, black

Reason: High temperature, hlgh voltage r951&tance, and hlgh
' ::strength CE E . R

and 1nsert

EXPECTED TOOL LIFh*  1 GQQ parts _*-s~

PRODUCTI@N RATE 'Qa'pazts/hour = hand cycle f 

EQUIPMENT'f Mmrgan Press G—l@OT w1th wedge block ﬁ;éﬁ[ﬁsf:ngzale and

heater plate '
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PART REQUIREMENT

DESCRIPTION: Bobbin NUMBER: C-@

MATERIAL: . Nylon 6/6

QUANTITY: 250 - prototype. use only

COST ANALYS Is

_ .QRIGINAL MAN[}FACTURING METHOD

Insert in existing mold ‘base, hand pulled core $ 600

Set-up and run parts . 65

Lead time -~ 4 weeks o : _ o _ % 665

SHORT RUN_ MOLDING METHOD

Tool. LGSt - 32 hours x $10/hr + material o o % 360

Molding cost - 13 hours x $5/hr + material § 15
Lead time -~ 1 week '$ 435
 Estimated savings: 3 weeks and ' . $ 230

ENGINEERING DETAIL

MATERIAL SELECTION: Nylon 6/6

Reason High impact, good eiectrlcal resxstance,'flows'into B
: : thln gectzmns i S

TOOL: Alumlnum 2924 T4 ?.; ,;_{:;~4"

EXPEQTED TGGL LEFE 500 parts (boits and threads cantralllﬂg factmr}

PRODULTIGN RATE 20 parts/hcur'~ hané cycle

EQUIPMENT‘_ Margan Press G55 w1th shut eff n@zzle, nozzle adapt r
o and heater plate : R . i ; B
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PART REQUIREMENT

:QgggRi?TIGE: Slider NUMBER: C-10
’MATERiAL:"Nyion |
Qggg@;ix?- 400 & yeéi
 COST ANALYSIS
ORIGENAL MANUFACTURING METHGD |
Machine ‘from bar utOCk - 400 -x %2. OG agach £ 800
.SHORT RUN_MOLDING METHOD:
Tool cost - 24 h&urs'x $10/hr + ﬁatefial $ 250
Molding cost - 10 hours x $5/hr + material 1Y
. : : ' o $ 310
Estimated savingsr' $ 490

MATERIAL SELECTION:-

ENGINEERING DETAIL

- Nylon

‘Reason: .High strength, low doefficient of friction

CTOOL: . Aluminum 2624MT4

FXPECTED TQOL LIFE

PRODUCTKON RATE

e T onc Tarts

50 part {haur “ hand Cycla

ngIPMENm:__Mcrgan Press G~IGOT with shut off nozzle and haater plate
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PART REQUIREMENT .

DESCRIPTION: Letters B : . NUMBER: cC-11
'ggggggggz_ Pclyéxopylene :
QUANTITY: 100 a year
COsT ANALYSIS
ORIGINAL MANUFACTURING METHOD ¢
Buy prlnted decal and attach ﬁo unit, {100 % $3.50) $_ 350
SHORT RUN.MOLDING METHOD: | -
Tool cost - 12 hours x'$16/hr + material - § 130
Molding cost -2 hours x $5/hr + material _ 15
_ _ _ § 145
E:st_:i:m.atéd Sav..i_ng_s: ' S '. - . % .205'

ENGINEERING DETAIL

MATERIAL SELECTION: -POlypropylen@_-'

Reasonz: High gloss, easy to mold, does not discolor after
: moldlng .

TOOL; Aluminum 2024 T4

E;BGO parta

'Tf i5G partsfhcur - hand cycle

Jiw Mﬁrgaﬁ Press GMSS w;kh ”A"'ball nozzle, nbzzie'adﬁﬁtéx
o and heater plate R
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FART REQUIREMENT

DESCRIPTION: - Flow Meter Body L o NUMBER: D-1
'MATERIAL: Lexan
QUANTITY: 5,000 a month maximum - 60,000 total
- COST ANALYSIS
ORIGINAL MANUFACT§RING METHOD
Purchased item (part of assenbly)
eqlmated cost - 10¢/pa1r ~$3,000
'sHQRT RUN MOLOING METHOD:
Tool cost - 60 hours x $1ﬂfhr + material $ 650
Molding cost - 15,000 shots x 120/hr; 125 hours
x §5 + material L ' 108
_ $1,350
Estimated savings: $1,650

ENGINEERI&G DETAIL

MATERIAL. SELECTION: Lexan

'Raasmn:' ngh temperature reblstance, very hlgh meact strength

TOOL: Aluminum 2&24 T4 thh EME plns as cmres

Four CdVlt” meid semg automatla.ﬁ;_"."“'

EXPbCTEﬂ TOGL LIFE lﬁﬁ QQG parts

PRODUCTION RATEQ_ 120 shotsfhour = 483 parts/hOur

EQUiPMEN Morgan Press G 1@9? thh upper platea assemhly, heaﬁer

plate and ball Shut off nozzle'p
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' PART REQUIREMENT

QE@ﬁRIPTIGN: Connector Plug . ' o _ NUMBER:
MATERIAL:  A.B.S

CQUANTITY: 10,000/week maximum - 250,000 estimated total

| COST ANALYSIS

ORIGINAL MANUFACTGRING METHOD:
Purchas@d items -~ 5¢ each

SHORT RUN MOLDING METHOD

Tool cost - 80 his ‘$10/hr + material S
Molding cost - 320 parts/hour (2 Gp@rators) = %10
= 3¢ each _ 320

Estimated savings:

C$12,500

$.1,050
12290

$ 8,550

$ 3,950

'ENGINEERING DETAIL

MATERIAL SFLECTION A.B.S.

Reason: Good flow, good appearaRCe, good electrlcal resi

TQOL _ DME,_sLee1 ba&e 5.x 6 F-"URJ%L:-

Toal 5tf@i?
Bas& plate

Kﬂock_aut roda actlvate egector piate

FXPBCTFD-TO@L IIFE”

'560 000 parts

86 5h@tsfhuur'

PRODUCTION;RA?E
' ' 1 operator for équipment

l Qperator for loading pln lnserts

QUIPMENTJ*

ball nozzl@-'

Morgan Press. G- lGOT thh upper pldt@n assfmbly and

stance

i) BN
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PART REQUIREMENT

DESCRIPTION: Key Ring Tag i ' NUMBER: D-3

Mé@ﬁRIAL: Polypropylene

QUANTITY: 100,000 parts

COST ANALYSIS

ORiGINAL NANUFACTURING MkTHOD

Nobt aplecable

SHORT RUN MOLDING METHOD

Tool cost = 44 -hours  x $10/hr + mdterzal . o - 475
Molding cost - 180 shotb/hr = 720 parts/hr % $§/hr

F&tlmated part cost l 2 cents

ENGINEERING DETAIL

MATERlAL SELECTION: Polypropylene

Reasont - Molds at average temperature of 450° F, flows easily, is
. ' noncorrosive, can be cooled and reheated in barrel
w¢thout degrading

TO0L: Aluminum 2024-T4 w1th aluminum inserts {83 which are guickly
changeable ' - :

“A” plata is auspended frem Upper Platen Assembly

Base Plate is toe ciampe& tm tabie platen

EXPECTED TOOL LIFE: ThlS me’d

pmﬁuced zn ex&ess of 100,000 parts

PRODUCTION RATF : 720 @artsfhour

QUIPMENT:' Morgan-— Press. a 1@6? wlth heater piate, upper platen
assembly anﬁ dntl*dr Gl ba}l nazzle :
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PART REQUIREMENT

DESCRIPTION: Bevel Gear . - NUMBER: EP

NI -1
MATERIAL:' 30% Glass filled Nylon 6/6
QQANTLEX 100 pieces a year
| COST ANALYSIS
ORIgINAL‘MANUFACTURTNG METHOD :
Purchase standard steel gear and mcdlfy hub size _ . '
Cost ~ 100 pieces o : o 3 710
Lead time - 3 weeks ' ' '
SHORT RUN MOLDING METHOD:
Tool cost - .mold base machining - 4 hrs'ﬁz$10fhr ' L% 40
Epoxy. Cavity =-.use existing gear as pattern - 4 hrs - 48
Molding ceost - 5 hours X $5/hr + materlal _ .35
Lead time -.1 week : S ' %123
Estimated savings: 2 weeks and . o $ 587

 ENGINEERING DETAIL

MATERIAL SELECTION: Glass filled nylon 30%

' ReaéonﬁZ_Lcw speed, moderate torque application, intermittent

service

TOQL: “"A" Plate ha$ a machined C&Vlty 1/4” larger than the gear
pattern

EXPECTED TOOL_LIFE' 100 pieces minlmzm *-can be regast in 4 hours

PRODUCTION RA$E+‘ 20 shots/hour f by hand

EQUIPMENT: Margan Pres& G-55T WIth nozzle adaptor "B" nozzle and
heater plata o . ST
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PART REQUIREMENT

DESCRIPTION: Model for sales use - Dune Buggy NUMBER: EP-2
MATERIAL: Tinsel filled - dry colored, polypropvlene

QUANTITY: 250 parts total (50 each - 5 colors)

COST ANALYSIS

ORIGINAL MANUFACTURING METHOD:

Wood pattern (4 x full size) - cast plasters male
and female, pantograph mold halves
Estimated cost, tooling only $ 1,300

Lead time - 4 weeks

SHORT RUN MOLDING METHQOD:

Plastic model (full size), 2 cavity pockets in

aluminum blocks

Epoxy core and cavity

Tool cost - 36 hrs x $10/hr + material $ 390
Lead time - 2 weeks .

Estimated savings: 2 weeks and $ 910

ENGINEERING DETAIL

MATERIAL SELECTION: Polypropylene (natural, dry color and tinsel
flakes)

Reason: Low cost, translucent, easy to mold
TOOL:  "A" Plate is aluminum pocketed 1/4" deep
"B" plate is aluminum pocketed 1/2" deep
Cavity and core are cast in Devcon "C"

EXPECTED TOOL LIFE: Actual life of mold exceeded 1,200 parts during
test

PRODUCTION RATE: 100 parts/hour

EQUIPMENT: Morgan-Press G-55 with nozzle adapter
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PART REQUIREMENT
DESCRIPTION: Hex Rod Retainer Clip : NUMBER: EDM-1
MATERIAL: Polypropylene

QUANTITE: Needed 100 pieces for market testing and then 2500/year

COST ANALYSIS

ORIGINAL MANUFACTURING METHOQOD:

Project not economically feasible if parts are machined in
plastic or metal

SHORT RUN MOLDING METHOD:

Tool cost - Machine electrode from EDM grade graphite;

make mold base and EDM cavities '

60 hrs x $24/hr + material ' $ 1,600
Molding cost - 2 hours x $12/hr

Estimated part cost over 3 year period is 15¢ éach

ENGINEERING DETAIL

MATERIAL SELECTION: Polypropylene

Reason: Easily molded an mating parts or finished assembly are
polypropylene )

TOOL: Aiuminum 7075-T6 with tool steel inserts and core pins
"A" Plate is suspended from Upper Platen Assembly
Base plate is toe clémped.£é téble platen
Ejector plate is manually operated
Hex Core Pin is pulled %anﬁaiiy

EXPECTED TOOL LIFE: 10,000 parts with minor core and insert rework

PRODUCTION RATE: 80 parts/hour, semi-automatic

EQUIPMENT: Morgan-Press G-100T with Upper Platen Assembly and anti-
drool nozzle for molding

Elcut Supef_zs EDM machine to generate the mold cavities
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PART REQUIREMENT

DESCRIPTION: Tensile and Impact Test Specimens NUMBER: EDM-2
MATERIAL: Any conventional thermoplastic

QUANTITY: Varies depending on data requirements

COST ANALYSIS

ORIGINAL MANUFACTURING METHOD:

Not applicable

SHORT RUN MOLDING METHOD:

Tool cost - 40 hrs x $30/hr + material $ 1,800
Molding cost - 30 parts/hr x $6.00 + material
Estimated part cost 25¢ each

ENGINEERING DETAIL

APPLICATIONS:

Tensile and Impact Test Specimens are used throughout the
plastic industry for material quality and process control tests.
Tensile and Impact test data are used in the development and
improvement of thermoplastic materials.
TOOL: Tool Steel mold base and standard mold components

"A" Plate is suspended from Upper Platen Assembly

Base Plate is toe clamped to table platen

Knock out rods activate ejector plate

Sprue bushing rotates to shoot one cavity at a time

Tensile cavity machined by CNC program or EDM electrode

EXPECTED TOOL LIFE: 100,000 shots or more

PRODUCTION RATE: 30/hour - semi-automatic

EQUIPMENT: Morgan-Press G-55T with Upper Platen Assembly, Heater
Plate and Shut-0Off Nozzle

Elcut Super 25 EDM machine to generate the tensile
specimen cavity
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CHAPTER SIX

MATERIAL HANDLING

Each family of thermoplastic materials has its own processing characteristics. To switch
from one compound to another may require more than merely readjusting temperatures and
pressures. Proper drying (essential for most thermoplastics) and other handling requirements
must also be observed. Some polymers not properly processed present hazards to the work
environment. Always begin by following the instructions and suggestions of the manufacturer of
the material.

When experimenting with a new material or an unfamiliar grade, use an open orifice "B"
nozzle first. Establish a good extrusion and note the temperatures. This requires that the
material be allowed to drool freely. Once these conditions have been established, a shut-off
nozzle can be used to eliminate drooling.

In general, material such as vinyl, urethane, polypropylene, nylon, and acetals which
drool rapidly, will require low injection pressures (2,000 - 4,000 psi) providing that the gates are
adequate in size and the mold temperatures are correct. Materials which drool more slowly such
as ABS, phenylene oxide, and polycarbonate will tend to need slightly higher injection pressures
(4,000 - 6,000 psi) and larger gates. Heavily filled materials may not drool at all and will require
pressure from the ram to extrude from the nozzle. Pressures of 7,000-9,000 psi may be needed to
produce good parts. In addition, at each pressure level, the ram speed should be adjusted as
needed. If pressures significantly higher than indicated here are required, it is most
probable that the runners and gates are too small and mold venting is inadequate. Excess
injection pressure can actually pre-stress molded parts and cause them to be inherently defective.
Eliminating mold design deficiencies will ensure better molding results at the correct
temperatures and pressures. Typical problems encountered when molding are as follows:

NYLON
The mold will not fill correctly.

The temperature range at which nylon will flow correctly is rather narrow. A nylon
which will drool readily at 580°F may be hard or impossible to move at 570°F. At a sustained
600°F, the material will gas, blister, discolor, and flow only as a froth. It is essential with nylon
to establish the correct extrusion temperature and to maintain it accurately. Shoot parts at a
constant rate, and do not attempt to correct short shots by overheating the material. When in
contact with the mold, the nozzle temperature will drop rapidly and the nylon in it will chill
instantly; so clamp and inject as quickly as possible into a good hot mold.

After shooting, the nozzle will almost invariably be frozen. Wait until it starts to drool
again before attempting to shoot another part. If the time required to unfreeze the nozzle is more
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than two minutes, the nozzle temperature could be raised by 10°F. With the shut-off nozzle, wait
until the frozen plug drops free before reshooting.

ABS
Surface color is blemished.

This material has a wide temperature molding range. The problems usually encountered
are with surface finish, especially with the dark colors. When the material is plasticized rapidly,
the temperature of the extrusion will vary as colder spots, from the center of the cylinder, mix
with material nearer the cylinder walls. When injected, these cold spots tend to show up as
streaks on the surface.

Always thoroughly dry ABS and pre-heat it for an hour before molding to raise its
temperature evenly. In this way even the centers of the granules are heated and the chance of
cold spotting will be reduced.

Overheated ABS will also discolor, most noticeably in the lighter colors. When grossly
overheated or retained at high heat longer than necessary, the ABS will tend to resolidify and
both surface gloss and physical strengths will suffer. ABS compounds tend to gas when heated,
molds should be well vented.

ACETALS
Parts are undersize and surface finish is wrinkled.

Acetals have the highest shrinkage rates of all thermoplastic materials. To minimize the
effects of shrinkage, parts should be shot as fast as possible, through gates as large as possible
into molds heated to 250°F. The injection pressure should be maintained until the gates have
chilled, usually three to five seconds after the fill is complete. Acetals are lubricated by the
addition of chemicals and only light quantities of mold release are needed on cores or inserts.

Acetal polymers must be handled carefully to prevent accidents. For example, the
formaldehyde generated by heating acetals is harmful to eyes and lungs. Good room ventilation
is recommended when molding these compounds. This material tends to gas freely; therefore
molds should be extensively vented or back pressure will slow the filling. Again thorough
drying of this hygroscopic material just prior to its use will substantially minimize gassing and
enhance ease of processing.

The chart on the opposite page summarizes most trouble shooting measures for injection
molding.
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TROUBLE SHOOTING FOR INJECTION MOLDING

Short Shots or Surface Wrinkles -

Sinks -

Increase ram speed

Increase injection pressure
Increase mold temperature
Increase ram pressure time
Increase runners or gate size
Increase mold venting

Increase time between shots

Increase ram pressure time
Increase ram speed

Enlarge gate

Reduce material temperature

Increase mold venting

Discoloring -

Gassing -

Decrease material temperature
Reduce time between shots
Thoroughly dry material

Thoroughly preheat material

Decrease material temperature
Thoroughly dry material

Preheat material thoroughly

Weld Marks -

Increase mold venting
Increase material temperature
Increase gate size

Move gate or use multiple gate

Increase injection speed and pressure

Add overflow puddle
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Warping of Parts -
Reduce mold temperature
Increase ram pressure time
Increase time between shots
Reduce material temperature
Check part design for section

variations

Part too Small -
Increase injection time
Increase injection pressure
Reduce material temperature

Enlarge gate

Part too Large -
Reduce injection pressure

Decrease injection time

Dimension Variation Shot to Shot -
Establish and maintain cycle time
Keep mold temperature constant
Maintain constant material temperature
Maintain constant injection pressure

Increase mold venting

Surface Streaking -
Raise mold temperature
Thoroughly preheat material
Thoroughly dry material

Reduce injection rate



Relationship of Clamp to Injection Pressures

The clamp force holding the mold closed must exceed the total internal pressure to be
generated within the mold cavity or the mold will open (flash) during injection.

FOR EXAMPLE: assume an injection pressure of 5,000 psi, a mold with 3 square inches
of cavity area and a viscosity factor* of .7: the internal pressure = 5,000 psi x 3 square inches x
.7 =10,500 pounds, and thus the selected clamp force must exceed 5 1/4 tons.

If the internal cavity pressure of a specific mold design should exceed the 8 tons or 20
tons clamp force applied by the Morgan-Press, the mold halves can be bolted together. (See
pages 48 & 50).

A good rule is to start with minimum calculated clamp force and low injection pressure
and increase the injection pressure and/or ram speed after each cycle until the mold is properly
filled. When proper injection settings are attained, the clamp force should be set at the lowest
tonnage necessary to keep the mold shut. This minimizes mold and equipment fatigue.
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DRAFT ANGLE TABLE

APPENDIX I

(ANGLE PER SIDE)

D ]

E E

P »

; e | 10 27 3 471 5 | 6T TP 8| 9T 10° | 117 120 | 157} 20° | 25° | 30° ;
1/32 |.0003 | .0005| .001 | .0016| .002 | .0027 | .003 | .0038| .004 | .005 | .0055 | .006 | .0066| .008 | .011 | .014 | .018 1/32
1/16  |.0005 | .0011| .002 | .0033) .004 | .0055 | .007 | .0077| .009 | .010 | .011 | .012 | .013 | .017 | .023 | .029 | .036 1/16
3/32 |.0008 |.0017 | .003 | .0049| .006 | .008 |.010 | .0115] .013 | .015 | .0165 | .018 | .020 | .025 | .034 | .044 | 054 3/32
1/8  |.0011.0022| .004 | .0066{ .009 | .0109 |.013 | .015 | .018 | .020 | .022 | .024 | .027 | .033 | .045 | 058 | .072 1/8
5/32 |.0014 {.0028 | .005 | .008 | .001 | 014 | .06 | .019 | .022 | 025 | .027 |.030 | .033 | .042 | .057 | .073 | .089 5/32
3/16 |.0016 |.0033 | .006 | .0098| .013 | .016 |.019 | .023 | .027 | .030 | .033 | .036 | .040 | .050 | .068 | .087 | .108 3/16
7/32 |.0019|.0039|.008 | .011 | .05 | .019 |.023 | .027 | .031 | .035 | .039 |.042 | .047 | .059 | .080 | .102 | .126 1/32 |
1/4 |.0022 |.0043 | .009 | .013 | .018 | .022 |.026 | .031 | .035 | .040 | .044 |.049 | .053 | .067 | .091 | .117 | 144 /4 |
9/32 |.0025).005 | .010 | .014 | .020 | .024 |.030 | .034 | .040 | .045 | .049 | .055 | .060 | .075 | .102 | .131 | .162 8/32
5/16 |.0027 {.0055) .011 | .096 | .022 | .027 |.033 | .038 | .044 | .050 | .055 | .061 | .066 | .084 | .114 | .146 | .180 3/16 .
11/32 {003 |.006 | .012) .018 | .024 | .030 |.036 | .042 | .049 | .055 | .061 | .067 | .073 | .092 | .125| 160 | 197 | 11/32
3/8 |.0033 |.0066|.013 | .020 | .026 | .033 |.039 | .046 | .053 | .060 | .066 | .073 | .080 | .100 | .136 | .175 | .217 3 |
13732 |.0035.007 | .014 | .021 | .028 | .035 |.043 | .050 | .67 | .064 | .071 | .079 | .086 | .108 | .148 | 189 | .234 13/3{__:
7/16 |.0038 | .0077| .015 | .023 | .031 | .038 |.046 | .054 | .062 | .069 | .077 | .085 | .093 | .117 | .159 | .704 | .253 1/16 |
15/32 |.0041 | .008 | .016 | .024 | .033 | .041 | .048 | .058 | .066 | .074 | .083 |.091 | .100 | .126 | .71 | 219 | 270 |  15/32
1/2  |.0044 | .0088| .018 | .026 | .035 | .044 | .053 | .067 | .071 | .079 | .088 | .097 | .106 | .134 | .182 | .233 | .289 1/2
17/32 |.0046{.009 | .019 [ .028 | .037 | .046 | .056 | .065 | .075 | .084 | .093 | .103 | .13 | .142 | 193 | 247 | 306 | 17/32
9/16 |.0049|.0099| .020 | .030 | .039 | .049 |.059 | .069 | .079 | .088 | .099 |.109 | .120 | .151 | .205 | .262 | .325 9/18
19/32 |.0052 | .010 | .021 | .031 | .042 | .052 |.062 | .073 | .084 | .094 | .105 [.115 | .127 | .159 | .216 | .277 | 343 | 19/32
5/8 |.00554.011 |.022 | .033 |.044 | 055 |.066 |.077 |.088 |.100 | .110 | .120 } .133 | 167 | 227 | 291 | .361 5/8
21/32 |.0057|.011 | .023 | .035 | .046 | 057 |.069 | .082 | .092 | .104 | 115 |.127 | .140 | .176 | 238 | 306 | 379 | 21/32
11/16 |.006 |.012 | .024 | 036 | .048 | .060 |.072 | .085 | .096 | .109 | .121 |.133 | .147 | .183 | .250 | .321 | 397 | 11/16
23/32 |.0063 |.013 | .025 | .038 | .050 | .063 |.075 | .088 | 101 | .114 | .126 |.139 | .153 | .193 { .261 | 335 | 415 | 23/32
3/4 |.0065|.013 |.027 | .039 | .053 | .066 |.079 | .092 | .106 | .119 | .132 | .146 | .159 | .201 | 273 | .350 | .433 3/4
25/32 |.0068 | .014 | .028 | .040 | .055 | .068 |.081 | .096 | .110 | .124-| .137 |.152 | .166 | .209 | .284 | 364 | 451 | 25/32
13/16 |.0071|.014 | .029 | .043 | .057 | .071 |.085 | .100 | .115 | .129 | .143 |.158 | .173 | .218 | .296 | .379 | 469 | 13/16
21732 |.0074|.015 | .030 | .045 | .059 | .074 |.089 | .104 | 119 | .134 | .149 | .163 | .180 | .226 | .307 | .393 | 487 | 27/32
7/8 |.0076 | .015 | .031 | .046 | .061 | .077 |.092 | 107 | .123 | 139 | .154 |.171 | .186 | .234 | .318 | .408 | .505 1/8
29732 |.0079{.016 | 032 | 048 | 063 | 079 |.095 | 111 | 128 | 144 | 159 |.176 | 193 | .243 | 329 | 422 | 523 | 29/32
15/16 1.0082 | .017 | .033 | .050 | .066 | .082 |.098 | .115 | .132 | .14 | 165 |.182 | .200 | .251 | .341 | 437 | .541 15/16
31732 .0085).017 | .034 | .051 | .068 | .084 |.101 | 119 | 137 | 193 | 170 |.188 | 206 | .260 | 353 | .452 | .559 | 31/32 |
1 0087 | .0175 | .035 | .052 | .070 | .087 |.105 | .123 | .141 | .158 | 176 |.194 | .213 | .268 | .364 | .466 | .577 1
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APPENDIX II

SHRINKAGE FACTOR TABLE

INCHES PER INCH

D
F e E F
R |€ a ®
A |1 u A
c |m 1 c
T ': V:|.003/.004|.005 | .006|.007| .008| .009! .010}.011] .012|.013| .014] .015| .016|.017] .018].019].020].021|.022.023 |.024 | .025 T
1/32| .03125{ 0001 | .0001) 0002 | .0002 | .0002} .0003| 6003 | .0003 | .0003] .0004 | .0004| 0004 | 0005 | .0005 | .0005| 0008 | 400G | 0806 | 0987 | .0007 | 0007 | 0008 |.0008| 1/32
1716 | 0625 | .0002| .0003| .0003 | .0004 | .0004| 0005 | .0006 | .0006 | .0007 | .0008 | .0008 | .0009 | .000S | .00T0 | .0011] 0011 |.0012 | 0013 [ 0013 | 0014 | 0074 | 0015 |0O1E| 1/16
3/32 | 093715 | 0003 | .0004 | 0005 | .000% | 0007 | 0008 | .0008 | 0009 | 0010 | 0011 | 0012 | .0013 0019 | 0020 |.0021 | .0022 |.0023 [.0023| 3/32
1/8 | .25 | .oooc4) .0005) .6006| .0008 | .0009) .0010| .0011) 0013 | .0014] .0015| .0016 | .0018 | 0079 | 0020 | .0021| 0023 | .0024 | .0025 | 0026 | .0a28 | .0029 | .0030 |.0031[ 1/8
5/32% .15625 ] .0005 | 0006 .DQO8 | 0009 | .0011| 0017 | 0014 0016 0017 .0019 ) .0020 | .0022 | .0023 | .0025 | .0027 | .0028 | .0030 | .0031 [ .0033 | .0034 | 0036 | 0033 |.0038 5/31__‘
34164 .1875 | .0006 | .6008 | .0008 | .0011 | 0013} .DG15| 0017 | 0018 ) .0027 | .0023 {0024 | .0026 | 0628 | 0030 | .00321 0034 | 9036 [.0038 | .003% | 0041 | 0043 | 0045 | 0047 3/16
0007 | 00097 0011 | 0013 | .0015] 0018 | .0020| .0022 | .0024 | 0026 me .0031{ 0033 | .0035 | .0037| 0039 | 0042 | .0044 | 0046 | .0048 | .0050 | 0653 | .6055[ 7/32
.0008 | .0010| 0013} .0015| .0018] 0020 | .0023| 0025 | .0028 | 0030 | .0033 | .0035 | .0038 | .0040 | .0043| 0045 [ .0048 | .0050 | 0053 | 0055 | .0058 | .0060 |.0063[ 1/4
0008 | 0011 .0014 ) DO17 | .0020| .0023 | .0025| .0028 | .0031 | .0034 { 0037 | .0039 | 0042 | .0045 | 0048 | 0651 | .0053 | .0056 | 0059 | .0062 | .0065 | 0968 |.0070{ 8/32
.0008| .0013| 0016 | .0079| 0022) .0025| .0028| .0031| .0034| .0638] .0041| .0044 | 0047 .0050 | .0053| 0056 | 0059 | .0063 | 0066 | .0069 | 0072 | 0075 | .0078) S/16
0010} .0014| 0017 | 0021 .0024) 0028 | 4031 | .0034 | 0038 | .0041 | .0045 | .0048 | .0052 | .0055 | .0058 | .0062 | 0065 | .0069 | 0072 Fn;s L6079 | .0083 | 0086 11/32
M‘nnu -0075| 0018 | .0023 | .0026| .0030 | .0034| .0038 | .0041] 0045 .0049 | 0053 | .0056 | .0060 | .0064| .0068 .wr;“.wx;;rs .non].mil L0086 | 0080 |.0034| 3/8
13/32 4;;: .0012| .0016| 0020 .0024| .0028) .0033| .0037) .0041| .0045| .0048| 0053 | 0057 0051 | .0065| .006%| .0073( .0077 | .0081 | .0085 | .0089 | .0093 | .00se [.0102{ 13/32
7/16) 4375 | J8%3| 0018 | 0022 | .0026 | .0031| .0035| 0039 .0044 | .0048| .0053 | .0057 | .0061 | .0066 | .0070 | .0074| 0874 | 0083 | 0088 | 0097 ;e:iﬁ Tum .ﬂw;s 08| 1/16
15/32| 46875} 0014 .0018| .0023 | .0028 | .0033| .0038 | 0047 .BO47 | .005Z| .0056 | 006! | .006S Aum,unlo 0084 | 0083 | 0094 | 0098 _'“.E!_ 0108 | 0113 [La117 15/32
1/2 | 500 | .0015| .0020| .0025| .D030 | .0035| .0040 .0045] 0050 | .0055] 0060 | .00SS | .0070| 0075 | .0080 | .0085| .0090 | .0095 | .0100 | 0105 | .0110 | 0015 | 0120 [.0925) 1/2
12/32| 53125 0016 | .0021| .0026 | .0032 | .0037| .0043| .0048 | .0053 | .0058 { .0064 | .0069 | .0074 | .00SD | .0085 | .0090| 0096 | .0DiGY | 0106 | .0112 | 0117 0022 | .0vz8 |.0133( 17/32
9/16| 5625 | .00%7| .0023} .0028 | .0034 | 0037 | .0045| .0051 | .D056 | .0062 | .0068 | 0073 | .0079 | .0084 | 0090 | .0096| .0101 [ 0107 | 0113 | 01t8 | 0124 | 0129 | 0135 |.0141] 8/16
- R PV IO BV Rt t e st 1
19/32] .59175] o018 | .0024] .0029 | .0035 | .0042| .0048 | .0053 | 0059 | .0065] .0071| .0077 | .0083 | 0089 | 0095 | .0100| .0107 | .0113 .nnsm.nul 0137 | 0143 | .6148) 19/32
5/8 | 625 | po1g| .0025 u:.‘j L0038 | .0044| 0050 | .0O56| 0063 | .008S| .0075| .0081 ) 0088 | 0094 Pt.amlhnn 0106 Anlgwnrl:;i;izs 191 [ 0138 | 0144 | 0150 | .0156] /8
pr———t R e e B E 1 -
21/32} 65625 | 0020 .0026| .0033 | .0039 | 0046 | 0653 | .0059] 0066 | .0072| .0079| .0085 | 0082 | .00S8 | 0105 [ .0112] 0118 | 0125 | 0131 [-0138 | 8144 | 0151 | .0158 |.0164] 21/32
11/16] 6875 | 0021 0028 | .0034 | .0041 | .0048 :anss .0062| 0069 | .0076| .0083 | 0089 | .0096 [ 0103 | 0110 | 0117} 0124 | .0131 [.0138 [ .0144 | .11 | 0158 | .0165 |.0172] 11/16
2332 11815 0022 0629| .0036 | .0043 | 0050 ,-I_I'I;_S;— .0065| 0072 | 0079 .0086 | 0093 | 0101 [ 0108 | 0115 | 0122 0129 | 0137 | 0144 | 0151 | 0158 | .0165 | 0173 | .0180] 23/32
3/4 {750 | .0023] 0030| 0038 [ 0045 | .0053| .00S0 | 0068 | 0075 | .0083) .00% | 0098 | 0105 .0113| .0120 | .0128] 0135 Ll;—c?.nlsadwlje L0165 | 0173 | .0180 |.0188| 3/4
25/32 78125 | .0023 | .0031| .0039 | .0047 | 0055 .0063| .0070| .0078 | .0086 | 0034 | 0101 .0108 | 0117 | 0125 | .0133| 0141 | 0148 { 0156 { 0164 | .0172 | .0180 { 0188 | 0185} 25/32
13/16] 8125 | 0024 | .0033| .0040 | .0049 | .0057 | .Q065| .0073| 0081 | .0089| 0088 | .0106 { 0114 | 0127 | 0130 | .0138| .0146 | 0154 [ .0163 | 0171 | 0179 | .0187 { 0135 |.6203 ) 13/16
27/32 | 84375 | 0025 | 6034 | 0047 | .0051 | .0059 | 0088 | .0076 | .0084 | .0093| .0101{ 0110 | .0118 | .0127 | 0135 | .0143| 0152 | .0160 | 0159 { 0177 | .0186 | .0194 | 0203 |0zn1} 27/32
7/8 | 815 | .0026| .0035| 0044 { 0053 | .0061 | 0070 .0079| 0088 | 0096 0105 0113|0123 | 0131 | .0140 | 0149 9158 (0166 |.0175 | 0184 { 0193 | .0201 | .0210 |.0219] 1/
28/32 | 90625 | .0027 | 0036 | 0045 0054 | .0063| 0073 | .0082| 0091 | 9100} 0109 | 0119 | 0127 { 0136 | .0145 | 0154 | 0163 |.0172 |.0181 | 0130 | .0139 | o208 | 0218 |.0227] z9/32
15/16 | .9375 | .0028 | .0038 | 0047 | .0056 | .0066 | 0075 | 0084 | 6084 | 0103} 0113 | 0122 | 0131 0141 | 0150 | .0159| 0169 {.0178 {.0188 | 0197 | 0206 | 6216 |.0225 |.0234 ] 15/16
31/32| 96875 | 0025 0033 | .0048 { .0058 | .0063 | .0078 | 0087 0097 [.0107| 0116 | 0126 | 0136 | 0145 | 0155 | .0165| 0174 | 084 | 0194 | 0203 | 0212 0223 | 0223 .n;u 31/32
1% | 1.000 |.0030 | 0040 0050 { 0060 | .0070| 0080 | 0090 | 0100 {0110 | 0120 | .0130 | 0140 | 0150 | 0160 | .0170| 0180 | 0190 | 0200 | 8218 | .0220 | .0230 | o240 |.0250 ) "
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PLASTIC PROPERTIES CHART

. . . Linear Specific Cont.
Material hgz::i:‘g I?éxosld 'II"\::;]d %1?11;:15 Shrinkage Gravity Temp. Burn Rate
¥ P P- ¥ In./In. (Density) Resist.

ABS(Acrylonitrile- G-E | 450-520 180 G-E .005-.008 | 1.01-1.21 140-230 Slow
Butadiene-Styrene
Acetals Exc. 400-450 250 F-E .013-.028 1.41-1.61 185-220 Slow
Acrylics Exc. 375-500 150 G-E .001-.008 1.11-1.20 140-200 Slow
Ethyl Cellulose Exc. 400-500 180 Good .005-.009 1.09-1.17 115-185 Slow
Cellulose Acetate Exc. 375-490 150 Exc. .003-.008 1.22-1.34 140-220 Slow
Cellulose Acetate

Exc. 400-480 180 Exc. .003-.006 1.15-1.22 140-220 Slow
Butyrate
Fluoroplastics Exc. 550-760 250 Exc. .01-.06 1.75-2.20 300-550 None
Nylon Exc. 480-650 200 Exc. .002-.015 1.01-1.37 175-300 *
Phenylene Oxides Exc. 525-650 250 Exc. .001-.006 1.06-1.36 175-265 Self-ext,
Poly-allomer Exc. 430-485 120 Good .01-.02 .896-.899 - Slow
Polysulfone Exc. 600-700 250 Exc. .007 1.24 300-400 *
Poly-butyl Good 290-380 120 P 003 910-.915 225

oly-butylene 0 oor 026 aged .910-.
Polycarbonates G-B 480-650 250 F-E .001-.009 1.10-1.52 220-275 *
Polyesters Good 500-540 180 Exc. 018 1.37-1.38 175-250 Slow
Polyethylenes Exe. 250-500 110 G-E .007-.050 .910-1.45 180-275 V-Slow
Polypropylenes Exc. 400-550 120 Good .009-.025 .890-.906 190-300 Slow
Polystyrenes Exc. 425-600 120 F-G .001-.006 1.04-1.33 140-200 Slow
Urethanes G-E 320-480 120 F-E .009-.030 1.11-1.25 190 *
Vinyl Polymers & G-E | 300425 100 Good 001-050 | 1.05-1.72 | 120-200 *
Copolymers
*- Slow to
All Temperatures are degrees F. Extinguishing
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APPENDIX III
PLASTIC PROPERTIES CHART

. Moisture ; Clarity Use of
D T . Cost/lb.
lion:;:l:; Absorp. R;ymf' Natural Shut-off N::Z &  Manufacturer (50 lboat{:an!it )
& Rate qmt. Material Nozzle ’ Y
Cycol Marbon Chem.
Mc, MEK Med. 180 TltoOp | Option yeoae : 1.25 - 3.00
2 hrs. Lustran Monsanto
Delri DuPont
None Low 190 Op Must e nron 3.00-5.25
4 hrs. Celcon Celanese Plas.
Mc, MEK Med. it TptoOp | Option | Implex Rohm & Haas 2.50
5 150 . P
MEK High 24 hrs Tp to Op Option Tenite Eastman Chem. 2.50-3.50
MEK V-High 180 TptoOp | Opti Tenite Bastman Chern. 3.00 - 4.00
8 24 hrs. plo™p phion Celanese Celanese Plas. ] '
Ketones V-High ?A]-.?Ss Tp to Op Must Tenite Eastrnan Chem. 3.00 - 4.00
None V-Low None Tpto Tl Not Rec | Teflon DuPont 13.00 - 18.00
. 200 Zytel DuPont
Phenol High TIto O Must 3.00 - 5.50
B b 4 hs. E " | Plaskon Allied Chem,
A 200 ;
Aliphatics Low 2 hrs Op Option Noryl G.E. Company 2.15-3.52
None V-Low None Tpto Tl Must Temite Eastman Chem. 3.50-5.00
275 . . .
Mc Low 4 hrs Tp Option Udel Union Carbide 5.00 - 7.00
-- V-Low None Tl Option Shell 2.00- 3.00
Ethylene 200 Lexan G.E. Company
Dichloride Low 4 hrs. Tp to Op Must Meador Maobay Chen. 2.80-4.50
Cel Cel Plas.
Halogen V-Low 200 Op Option | % ©an e T 2.75 - 4.50
2hrs. Valox G.E. Company
Enj Enjay Chem.
None V-Low None Tp to Op Option ey “?a?’ e .65 -.75
Marlex Phillips Pet.
None V-Low None Tp to Op Option Pro-Fax Hercules 75 - 1.40
Lustre Monsanto
Mc, MEK Med. 180 TptoOp | Option S . 60 -2.50
hrs. Styron Dow Chemical
Royl Uni C .
None Med. 180 TptoOp | g oyar niroyal Chem 4.00 - 6.00
2 hrs. Colors Texin Mobay Chem.
. 0 G Goodrich B.F.
THF. High 13 TptoOp | Must = o 3.00-4.25
4 hrs. Vyram Monsanto
Me - Methylene Chloride TI - Translucent
MEK - Methyl Ethyl Ketone Tp - Transparent
Op - Opaque
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PARTTAL

A. MODEL SHOP/PROTOTYPING/SAMPLING
Abbott Laboratories

Admiral Midwest Mfg. Div,

Ametek Div. U.S.

Gauge
Amicon Corp

ARRK Creative Network
Aquamatic, Inc.

Bailey Fisher & Porter
Barber Colman Co.
Batesville Casket
Baxter Health Care
Beckman Instruments
Behr of America

Bell Sports

Calcomp

C. A. Norgren Co.
Carpenter Technology Co.
Chesebrough Ponds
Compression Inc.

Davoel Inc )

Dentsply International Corp.
Diebold Inc.

Dresser Mfg.

MORGCAN-PRESS

CUSTOMER LIST BY PRINCIPAL APPLICATIOR

Eaton Corp.
EFE Services

" Eli Lilly & Co.

Emerson Electric
General.ﬁlectric

General Surgical

Glaxo Wellcome

Guuid Electronics

GTE

Hasbro Inc.

Hewlett Packard

Hobbs Div. Stewart Warner
Homelite Div. Textron
Hosmer Dorrance Corp.
IBM Research

ITT Aerospace Controls
JPL, Cal Tech

Kirchner MTD
Lee Company
Leviton Mfg.
Littlefuse,
Merck & Co.

Inc.

B. CABLBlCON!BCTOR/SRCAPSULRTION/INSERT MOLDING PRODUCTION

AEM Corp.

Autotronic Centrols Corp.
Gates & Sons, Inc.
Geco-Prakla
Geophysical Cable Corp.

Houston-S8igma Technology

C. GENERAL SHORT-RUN _PRODUCTION
Amphenol Fiber Optics

Amistar Corp.
Aquatec Water Systems
Bard.lmplantﬁ Div.

Bausch & Lomb

Boston Medical

Boston Scientific

Camcar Textron

Cardiotronics

‘Carolina Medical Electronics
Chattanooga Corp.

Commercial Pattern
Courtauld’s Aerospace
Dynacept

Eagle-Picher, Inc.

D. EDUCATIONAL

Arizona State University
Calhoun S{{ Community College
Cooper Union

Cornell University

Hydrolab Corp.

International Transducer Corp.
ITT Cannon Electric

Litton Resources

Lockheed Martin

M & H Electric

Endo Vascular Technologies
Fastec Inc

FemRX

Fleetguard

General Equipment

Gibson Product Development
Hach Plastics

Hough Manufacturing Ccfp.
Hygenic Corp.

Imagyn Medical

Kontes Glass Co.

Kussmaul Electrénics

Laser Alignment

Lisk Company

Liston Scientific

Grand Valley State Univ.
Illinois State Univ.
Michigan Technolegical Univ.
The Ohio State Univeristy

E. PROCESS CONTROL/QUALITY CONTROL/MATERIAL DEVELOPMEKRT

Aristech Chemical
Bayer Plastics
Bluewater Plastics
‘calsonics

HOTE:
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FMC Corp.
Huntsman Palyﬁers
Network Resins
Norton Company

APPERDIX IV

3M Co.
Motorola
Panduit Corp.

_Paragon Electric

Parker Brothers

Physio Control Corp.
Puritan Equipment, Inc.
Reebok International
Revlon

Roadmaster Corp.

Ron-Vik Inc.

siemens Corp.

Somnus Medical Technology
Teledyne Brown Engineering
Texas Instruments {2)

U.S. Air Force

U.8. Navy

united Technologies Electro
valcor Engineering
Whirlpool Corp.

Xomed

Mark Products

Merit Industries

Oyo Geospace Canada
Radarsonics, Inc.
Sentry Medical Products
U.8. Navy

Litton Poly-Sclentific
Lone Peak Engineering
Luke Air Force Base
Medtronics, Inc.

Millipore Corp-

Nightsun Performance Lighting

Puget Sound Naval Shipyard

Robins Air Force Base
Salter Labs

Scimed Life Systems
Schick Technologies
Seybert Castings
Uniloc Div. Rosemont
watlow Gordon

Xerox

Pennsylvania State University
Rochester Inst. of Tech.
of Akron

of Connecticut

Univ.
Univ.

Novacor Chemicals
Planet Polymers
Rapid Industrial Plastics

MENTION OF MORGAN-PRESS USERS' NAMES DOES NOT CONSTITUTE THEIR ENDORSEMENT OF THE PRODUCT.



