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Review of Injection Molding
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Other Types of Injection Moulding

co-njection (sandwich) molding,
fusible (lost) core injection molding,
gas-assisted injection molding,
injection-compression molding,
structural foam molding,

amellar (microlayer) injection molding,
ive-feed injection molding,
ow-pressure mnjection molding,
push-pull injection molding, and
injection molding of reactive materials.
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(Gas Assisted




Structural Foam

During Injection: After Injection:
High pressure, very Pressure drops and
little Foaming foaming occurs

Initial Injection Stage Foaming Occurs at Hot Core



Review of Plastic Flow
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Polymer Melt Viscosity

Viscosity = Shear Stress
ShearRate () )

where

Force (F) Velocity (v)
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Velocity Profile and Shear Rate
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Factors Effecting Viscosity

Temperature
Increases

Log (Yiscosity) —™

Pressure
lncreases

Log (Shear Rate) — =




Melt Flow Length"

Temperatire
Increases

Melt Flow Length —=

Wall Thickness —



Part Design Heuristics"
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Section Thickness -"
Uniformity is critical to
minimize warpage,

distortion and internal
stress”
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Radii - sharp corners
act as stress
concentrators. A min
radius of 0.5 mm 1is
recommended. "

Slress Concentration Factor [K)
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Draft Angles - 0.5 to 1.50 is required to facilitate part ejection”

RfliDcslgn

Craft = 0.5 - 1.5 degmees
Ribs - add strength i |

and facilitate flow"

R =05 mm

t= 75% - 85% sinktural
t= 50% fextured show surapa
t= 30% no fexture show surlaca




Tolerances - must
provide good packing
to minimize shrinkage.
Multi-cavity molds
with non-uniform
runner system are
harder to maintain
tolerances"

Standards & Practices
of Plastics Moulders

Matenal
Polyamide
(PA)

Note: The Commercial ealues shown below represent common production tolerances @ the most economical
level. The Bene values represent closer tolerances that can be held but at a greater cost. Addition of
reinforcements will ater both physical properties and dimensional stability. Fease consult the mamcturer.

”::‘,‘" P or Mimrs in 1/1000 mm
l'm 125 20 e $00 &4
Drawing I\
Code 1] SEN
TR
) o
A=Diameter 1] "
(See note 1) \‘g N\,
) o
B=Depth 100 "\ 3,
(See note 23) "
C=Height 128
(Sce note #3) 150 .
Comm_+ | Fine +
0.076 0.05
D=Bottom Wall (See note 23) 0.1 0076
E= Sicle Wil (Sce note =4) 0.127 | 0076
FaHole Size 0,000-3.175 0.05 0025
Diamc ter 3.176-635 0076 005
(See note =21) 6.36-127 0076 cos
> 128 0127 0076 Reference Notes
G=Hole Size 0.000-5.35 0.1 005 1 Thewe tolerisces o st exlade
Depth 6.36-12.7 0.1 | 007 allowsace for 1ggng chancterktics of
(Sce note #5) 128254 0127 0.1 2 Tulecamces ase bused 0n 179 mms wall
- section.
E=Corness, 3 Parting boc must be nken 1080
Ribs, Fillets (See note 26) 0.55 0.33 coms: k:lu‘ .
Flatness 0.000-76.2 0254 | o1 g bt i R
(See note #4) 76.3-152.4 0.38 C.18 Complde _m'&':hlhft;l‘ '[
Thread Size [mternal 1 2 . sraddually
{ ; bleadkad from theck 10 thn
(Class) _ - Enc“_“l ! = 2 ;c.p-ublzimlhl e ratio of the
Concentricity (See note =4)(FIM) | 012 0076 depth of 1 cored hoke w s dametre does
Druft Allowaice not reach a pone thu wil result =
excewive pa daon
per shde 1.%* 0.5* 6 These values be incmased
- =y whenever e weh deired ¢
Surface Finish (See note =7) it eyl
Color Stability (Sce note =) 7 CusormerMoukder indentanding »

necenry peice o oling
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Machine Selection"

Screw and Barrel Sizing - L/D Ratio,

Compression Ratio, Barrel Size in
GPPS"

SHANK
LENETH FLIGHT LENETH L

0|

D - B
- FEED SECTION mmsmou+r.£1tmm 'cnecrﬂ

SECTION SECTION  VALVE
60% 20°5 L



Injection Pressure Requirement"

Flowin 0100 In Charrwls

5 D0°F (380G

2500 5000 THOO 10,000 12500 15,000 17,6500
Injection Prossure, psi




Clamp Size - insufficient clamp
pressure will results in Flash
and Inability to mold a
component that fully packed
out"
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Clamp Types"

Clamp Style Advantages Limitations

Hydraulic  Fast mould set-up. Requires high volume of hydraulic oil.
Easily read clamp pressure. Energy Inefficient.
Low maintenance. Must overcompensate due to compressibility of oil
Low platen deflection. Not floorspace efficient.
Force concentrated at center of platen.

Toggle Less expensive. Requires more maintenance.
Fast clamp motion. Force not concentrated at center of platen.
Difficult to adjust.
Energy efficient.

Hydro- Floorspace efficient. Expensive.

Mechanical Force concentrated at center of platen.

Rexquires low volume of hydraulic oil.
Fast clamp motion.
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Mould & Tooling Considerations

Tool Steel Materials. .. ... ...
Texturing and Surface Finish . .. ..
Cold SlugWell . .. .............
Runner Systems. . .. ... ........
Cold Runner Design ... ........
Gate Design. . ... .. ...........
Gate Location . ... .. ..

Cooling. . ................



Tool Materials

Selecting the right steel can increase the
servicelife of the mold as well as greatly
improve the maintenance of any texturing
or graining of the part surface. "

Material! Recommended Steel Typical Hardness
Steel! Characteristics! (Rockwell C)!
Homopolymers & AISI P20" Medium alloy mold 30-36 Rc"
Unfilled Copolymers" steel"
Reinforced Materials" AISI S7" Shock resistance" 54 - 56 Rc"
AIST H13" Hot work (Cr based)" 50 - 52 Rc"
AISI 420" Stainless Steel" 50 - 52 Rc"




|@uTM

USIVERSIT) TEXNOLOG! MALAYSIA

Surface Finish

The mold should be heat treated prior to texturing.
Typical texture depths range between 0.01 mm to 1.25
mm."

* The ensure ease of part ejection and reduce the chance

for streaks and scuff marks, draft should be
incorporated into walls containing a texture."

Recommendation:"

1.5 degrees draft for each 0.025 mm grain depth + 1 degree
draft"
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To protect shut off region at the parting line, maintain an
area around the parting line perimeter of 0.25 mm
without the textured pattern"

'l’}:pkal Textured Cavity
025 mm

iy
Y -

pattan T ——

Cauity bhek




Texture Specification Suggestions:!

1. Heat treatment of mold prior to texturing"

11. The depth of heat treat into the steel should exceed
that of the texture tO ensure consistent texturing"

i11. For proper part release from the textured side walls, do

not exceed a depth of etching of 0.02 mm maximum
per 0.5 degree draft"

1v. Texturing of the core half of the mold 1s not
recommended”



Sprue Bushing

For ease of part and runner
system ejection, a minimum taper

of 1.5 to 3.5 degree is

recommended over the length of

the sprue bushing."

Inner diameter of machine nozzle
< Quter diameter of sprue

bushing. Why?"

Grinding and polishing only in a
direction normal to the direction

of demolding. Why?"

l'}"pkul Sprue Bushing Design Recommendation

R=1to2mm

&-1.3mm
Typ. per dide @_

Trax —:
C& Tyt 15mm o 1.5
B2 A+1.0mm anoz -8

2L

Tmax = Maximum runner thickness,

Dia.A = Diameter of opening at end of
machine nozzle.

Dia. B= Diameter of sprue at machine nozzle

interface.

Dia. C= Diameter of sprue bushing at part
intersection.

L = Ovenill length of sprue.



Sprue Puller

Backdraft Taper Sprue Puller Design Undercut Ring Sprue Puller Design

T I
e i ez

S \
| \\\ TR T

In a multi-cavity mold (runner system), sprue puller is

incorporated to ensure sprue removal from stationary side
of the mold. Also acts as Cold Slug well. Cold Slug?"



Cold Slug Well

S-Hook Runner Design

Cold Sy Wel
L=15x

Iﬂ(
Canty 1 |-T.|

Caviy 2

Provide A Radies
alshap Comars

Tapered Sproa

Cokd Slug
Ovellow

Maintan Equal

Part(s) Cold au# Ricommendad
Backdrant Taper Desipn Shown

Ctamakr Runners

Cold slug can lead to surface
imperfections and weaken the
part structure. Slug catcher?"



Recommended Runner Designs

Runner System

D3
W W
§ S% - j-8 Unfavorable Runner Designs
N N X
Parting N N ANRNINNNRY RN N N
N BN VR B NN\ SN\
\\ \ R \ \ % // /
W N W B /
Full Reund ) Wedined Trapezox ////// 4 /A
Runn:r Trapezcid Bow Section samiCirck
DyeTraet15mm  W=1250, 8-5"b10°
Oy = Tugt 1.5mm V=150,
DeeTan+ 15mmM
Trae= Madrum Cross Secion of Part
Runner Style Advantages Disadvantages
Full Round Smallest surface to cross section ratio. Machining into cavity/ core difficult.
Slowest cooling rate.
Low heat and frictional loss,
Center of channel freezes last;
maintains hold pressure.
Modified Easier to machine; usually one half of More heat loss and scrap compared
Trapezoid tool only. to full round.
Offers similar advantages of full round.
Trapezoid Easy to machine, More heat loss than modifiexd
trapezoid,
Box Section Easy to machine. Small cross section
Reduced ability to transfer pressure.
Semi-Circle Easy to machine. Smallest cross-section.
Most inefficient runner design.
Poor pressure trnsmission into cavity.




bj ectives of Runner System Design:

1. Minimize restrictions of flow in the runner such as
Inconsistent cross section”

i1. Design for ease of part ejection”

111. Short as possible to minimize loses in pressure and
temperature”

iv. Runner cross section large enough to equal/exceed
gate freeze-off time. Why?"

v. Runner system i1s not the limiting factor when reducing
cycle time. Meaning?"

vi. Minimize runner weight to part weight"



Runner Balancing

The runner length from the sprue to each cavity should all
be of the same diameter and length. This will ensure part
to part consistency. How?"

Recommended runner diameters and corresponding runner
length and part thickness:"

Primary Maximum Maximum
Runner Diameter Length Part Thickness
3.2 mm-4.8 mm 150 mm 4.8 mm
6.4 mm-8.0 mm 300 mm 125 mm

9.5 mm 380 mm 19.0 mm




Hot Runner Design

Why Hot Runner?"

Design Recommendations:"

avoid traps"

avoid cold spot"
minimize heat transfer to
mold steel"

avoid undesirable heat

transfer from hot runner/

manifold"

Hot Runner and Nozzle System

Teolstes! ﬂ_u.l_
Mantin
AFGapas —— Thermeooupk
Insukalion

Heater Band(s)

(Extemally Hagtad)
Nozde Tip Coolng Channel(s)
ArGap

Large Amukr Gap



Gate Design

smallest cross section - depend on part geometry"

Tab or film gating - used
where flatness is critical or for
large surface area (warping
concern). Post injection
removal of gate 1s required."

Tab Gating

L<20mm




Sub-gating can be designed to

provide automatic de-gating of
the part from the runner system

during the ejection cycle.
dependent on part size."

l)i:ighmgm Gating

L

L=1mm
T= 15mm-30 mmiyp

Sub (Tunnel) Gating

)

D-da. ol gake

;

D= 0&mm -35mm typ,
{urrenorced matarals)

Dw 2.5 mem -4 0mm typ.
rerorced mater kls)

L=3.0mm typ.

Diaphragm gate is used when
molding cylindrical parts
requiring a high level of
concentricity and weld strength.
Post molding de-gating is

required."
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Fan/edge gate is used to
feed flat, thin sections.
Proven to reduce warping."

Edge Gating

™
oy o
- .
0 [ o
B

B i )
L AT | vesreum

W=2D
Nota: Usa Full Round
Runne
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Cashew Gating

Top viow of cashow gato

Mould closed runner filled out

Ejoction cycle bogins

Runner dofloct s at ond of gjection

Cashew gating can be highly
effective when using flexible
material. Only for unfilled
polymers."
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Gate Position

o O

The gate should be located at the thickest wall section
to ensure that holding pressure remains effective. Gate
location effects shrinkage, distortion/warpage and
Ehysical properties. Tensile and impact strength are

ighest 1n the direction of flow, esp. for filled
materials.



Typical Parting Line Vent Design

Part Cavity

Venting

Yo Dimensions
Marerial
Type L w D1

D2

Lofilked 075 15mm  953-127 mm  0013-0025mm 0.5 mm

Filled

Miberal 075 mm 953-127 mm 005 mm 1 tum
Filked
Ghiss 075%um 953-127mm  005mm I mm

Independent Venting Channels

Key

ventis)
(gray area)

Continuous Venting Example
N
0 Y O
N X
Cavity Vent(s) ————»
1 (gray area)

Key

Spotted \\
Shut-oft
(white area)

e N\




Cooling Channels

Water Channel Configuradon

{(—38-50m 7 /

core l“".l %/ é

00 ® 0 Z 7

@ @ @ @ Parting Line % %

90Meee g — tonm N
coy 000 O ia

\ Coolg Channel

Inconsistent mold temperatures may
lead to:"

1. non-uniform part surface finish"
i1.Non-uniform part shrinkage and
warpage" Cosknt Fow Pa

i11.lack of control of part dimensions"
iv.potention binding of tightly filling
cavity"




Shrinkage

Gating Relationship to Scrinkage Patterns

,
When designing mold, it 1s
important to specify material
shrinkage."

Eocentrk: Gatng Centric Gating Shiink can result n Fact()rs may affect the

part coreavity
Effect of Mold Temperature on Shrinkage Shrlnkage -
(3" 5% x0.125" Plaques) . . .
Woid Shinkage, % 1. Location and size of gates"
Mold Tempaerature (lﬁ?lCFI ngg) gﬁ?é .. . . . .
Unifilled Resins 14 [ 16 | 18 i1. Part designs - variations in
3% Glass reinforced Rasins . "
Tranevares width) 085 | 078 | 02 thickness
Super Tough Resins 20 22 24 cee
111. Increased filler content"
© old Temperature 150°F (66°F) iv. Filler orientation - multiple
Mold Shrinkage, % "
Part Thicknass 0126in | 0.20in gateS
Unfilked Resins 18 20
3% Glazs.reinforced Resins
Flow (lkengthl 019 0235
Transvarse (width) 076 086
Super Tough Resins 20 -
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Brittleness
Possible Cause

Suggested Remedy

1.

2

~

Melt temperature too low,

Material ovetheated, resulting in
molecular breakdown.

Contamination by forcign material or
excessive pigment usage.

Excessive amounts of regrind.

Injection rite too slow.

Improper gate location or size.

Moisture in material during processing.

Dry as molded propertics.

o=

fARN TE NonTE on

o= o=

no=

Increase melt tempeniture,

Decrease melt temperature.,

Residence time in cvlinder excessive for size-use smualler
bxarrel.

Decrease overall cycle.

Reduce back pressure.

Inspect resin for contamination.

Purge injection cylinder thoroughly.

Keep hopper covered.

Review material handling procedures for regrind usage.
Reduce filler or pigment loading.

Reduce regrind mixed with virgin.

Regrind level dependent upon application:

genenil rule-25-30%.

Keep hopper covered.

Review material handling procedures for regrind usage.
Reduce filler or pigment loading.

Increase injection or first stage pressure.
Increase boost time.

Relocate gate away from potential stress anca.
Increase gate size Lo obtain optimum flling,

Review matedal handling to eliminate meisture pick-up.
Dry material prior to moulding.
Ultilize hopper dryers,

Moisture condition parts to increase toughness,




Bubbles, Voids

Possible Cause

Suggested Remedy

1.

[ ¥

Excessive internal shrinkage.

Melt temperature too high.

Moisture in material.

. Air entrapment.

. Condensation on mould surface.

FRTE = mopnosE

o®

Increase packing pressure.

Increase injection forwand time.

Increase gate thickness.

Minimise heavy sectionsin part design.
Increase foed, ensure cushion.

Replace cherk valve if cushion cannot be held.

Decrease melt temperiture,

Review material handling to eliminate moisture pick-up.
Dry material prior to moulding.

Utilise hopper dryers.

Review percent of regringd.

Add mould venting,.

Relocate gate.

Rextuce clamp pressure to allow parting line vents to
work.

Wipe mould suface thoroughly with solvent.
Increase mould temperature,




Burn Marks

Possible Cause

Suggested Remedy

1. Melt temperature too high.

Dexrease melt temperature.

excessive undercuts

2. Air entrapped in mould. 4. Vent cavity at final point of fill.
b. Decrease first stage pressure or injection speed.
¢. Relocate gate,
d. Clean vents and/or enlange vents.
c. Enlarge gates.
f.  Rexduce clamp pressure to alow parting line vents to
work.
3. Injection rate too fast. a. Derrease first stage pressure.
b. Decrease boost time,
¢. Decrease injection rate.
4. Moisture in material, 4. Review material handling to eliminate moisture pick-up.
b. Dry material prior to moulding.
c. Utilise hopper dryers.
Cracking, Crazing
Possible Cause Suggested Remedy
l. Packing excessive material into the mould. a. Decrease packing pressure,
b. Decreasce shot size.
2, Non-uniform or too cold a a.  Increase mould temperature,
mould temperature. b. Supply uniform cooling to the cavity.
3. Knockout system poorly designed. 4. Redesign knockout system for balanced ejection forces
4. Inadequate draft angles or 2. Re-work mould.




Dimensional Variations
Possible Cause

Suggested Remedy

1  Non-uniform feeding of material.

[

Large variation in cylinder tempenature

cue to inadequate or defective controllers.

3. Unbalanced runner system. resulting in
non-uniform cavity pressure.

4. Regrind not uniformly mixed with virgin.

5. Moulding conditions varied from
previous mn.

6. Partdistortion upon ejection.

om

Adjust temperature profile for optimum feexding.
Increase shot size to maintain uniform cushion.
Replace check valve if cushion cannot be held.

Replace or calibrate controllers.

Increase holding pressure to maximum.

Increase injection rate,

Increase gate size progressively from sprue to provide
uniform filling.

Review regrind blending procedure.
Decrcase percentage of regrind,

Check moulding recornds to ensure duplication of
process conditions.

Sex “Sticking in mould’




Discoloration, Contamination
Possible Cause

Suggested Remedy

1. Material overheated in injection cylinder.

2. Bumexd material hanging up in cylinder
or nozzle (black specks).

3. Matcrial oxidized by drying at too high
a lemperature,

4. Contamination by foreign material.

noge

Fmmne

B nRNOoHe

e

Decrease melt temperiture,

Decrease ovenll cycle.

Residence time in cylinder excessive for shot size-use
smaller bamel

Decrease nozzle temperature,

Decrease screw RPM.

Decrease back pressure.

Check calibration of elinder controlle s,

Check barrel and nozzle heater bands and
thermocouples.

Purge injection cylinder.

Remove and clean nozzle.

Remove and inspect non-return valve for wear,
Inspect barrel for cracks or gouges.

Decrease injection rate.

Reduce drying temperature
1o 80°C,

Kex p hopper cove red.

Review material handling procedures for virgin and
regnng.

Purge injection cylinder.




Excessive Cycle Time

Possible Cause Suggested Remedy
1. Poor mould cooling cksign. 4. Increase mould coaling in hot spots.
b,  Ensuare fast turbulent fow of water through cooling
channeks,
2. Patenspeeds exoessively sow. a.  Adjust clamp speeds to saidy open and close quickly.
b, low pressure close time excessive. acjust clamp positions
and pressures to safely and efficienty open and close mould.
3. Mel temperature too high. 1.  Decrase melt temperatune,
4. Mould temperature too high. 4. Decrease mould temperature.
5. Screw recovery lime excessive, a2.  Check machine throat and hopper for blockage or bridging,
b.  Check for worn screw and barrel especially in the feed

ZOne.,




Warpage

Possible Cause

Suggested Remedy

1.

Moulded part ¢jected too hot.

Diffe rential shrinkage due to non-
uniform filling.

Diffe rential shrinkage due to non-uniform
wall thickness.

Knockout system poorly designed.
Melt tempe rature too low.

Glass fibre orientation.

npnos npnos

pnos

Decrease melt tempernature,

Decrease mould temperature.

Increase cooling time.

Cool part in wann water after cjection.
[tilise shrink fixture.

Increase injection nte,

Increase packing pressure,
Balance gates and runncrs.
Increase/decrease injection time.
Increase runner and gate size.

Provide increased cooling to thicker sections.

Increase mould cooling time.

Operate mould halves at different tempe ritures.,
Redesign pant with uniform wall sections.

Rexdesign knockout system for balanced ejection forces.

Increase melt temperature to pack out part better.

Relocate gate.




Processing Quality Checklist

A noae

¥ Dorax

ntbla v

ham M

Dol v |V 84
Lt Lpoa Btion v

vroatic scrow Retraceon | A A
Fish VvV |V v\vY
Flow Limes v AlA
KO Py Peaitition v

Lantuscn A Al |A AA
Noasde Drocd v v

Pt skt in Moskd vy |V VY
Tocewdd tincs Al A AlA
Short shote A Al |A AA
shot to ot Vartition A A

ank Atk A A :
sphy Mrks v A VA
spre Swing v

surfaceBlanbh A A A AlA
Unmekedd dlets A A
— ¢ (A vy

Impeove Yentng, mcrese gie size Mm thick scnoos
Tmpeove ventig, Rebocate gise

Purg: burreliCleas sorew eV No zde

Check moukd surface fr smocth ke

Check for screw wear

Moukd mecchs acjusment/Clirsp tonnage too low
Tncnsase gate sae Check venung

Poor ok coclisg

Conurntnated maserial merse gk st

Use mverse iper oo ede

Check for danuged aouk] surfaces

Tmpeove yentig, Bebocute gsc, Chan veats
Incnase gite dae. Increase shot dae

Non-eetiern vahve bedkage

llrl'u“ylﬂ o

Wet masertal

Dansged sproe bashing nceease taper

Wet materkd

Check bester bunds

Check cooling hme kcation
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