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Module 1O

Design and Performarlce

. Development Process

. Design Considerations
- Moldability
- Part Geometry
- Tboling Considerations

GE Plastics
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Traditional Development Process

xrtcrlalr

Isolatfug each area of tJre product dcretopmeot cyde
results in more dclldopEe,st time, lucreascd costq

and c.omprom ised part performance.
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Introduction

Development
Process

The traditional
compartrnentalized

approach to applications
is inefficienl

Desig €l Pu'fommnce
Product development is a complex process requiring careful consid-

eration of numerous issues such as functionality, form, material,

manufacturability, and cost. Plastics in general, ild injection mold-

ing specifically, have their own unique design requirements. It is im-

portant for the design engineer to understand these material- and

process- specific requirements at the outset of the product develop

ment cycle. Although each of the irrrpoitant areas of product devei-

opment are interdependent, they often are considered separately.

srK 1001

Objec'tiaes:

At the end of this module, participant should be able to:

. Describe the adrrantages of simultaneous engineering

compared to the traditional development process.

o Describe the relationships bemeen moldability, tooling

and part geometry that dictate high performance Part
design.

. Describe srategies to minimize molded-in stress.

" Describe smar.egies t$ optifitiee nac't geornetni"

- e::::3'. 3: .Ct,-:n? j:i,s!c3r3r0:1-" .:1.'?nsL--tr -:"-(.-

l?i-l:r;a:l := 'lr' l:slgT

Thaditional D arclopm.ent ho ws
It is all too tfpical for the design engineer to design parts for

functional performance theh, in essence, throw the drawings over

the wall to the mold ma}er. After solving any tooling problems, the

mold maker then throws the drawings over the rvall to tlie converter.

It's then up to the converter to figure out ho$, to manufacture the

thing, and to select a material that meets all its necessary require-

,ments: performance... mold.ability.... cost! It is an inefficient ap
proach that usually gives way to compromised product quality and

increased product cost. STK f 002

G Ccncral Elecrric Conpcrny 1989
M-P|-A4IU-ST!GMOD rrr2,/!9-Oo-l



@ GE Pbstlcs

Simultaneous Engineering

Simultaaeous eogiueeriog calls for tle integration of
each aspect of a part's dwdopment at its lnception.

l0

Part
Dcalgacr CoovertcrMold

Dcalgrtcr

sTK 1003

sEE{.1ffi&4
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Conversion Processes
o Extnlsion

e Sheet Fabrication

. Blow Molding

. Iajectios lllelding @&@
A key decision faciag tle part desigoer

is the choicc of process.
l0

Participant's Notes:
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Integration of <iesign

functioas is more
effective.

A kty decision facing the
part designer is the
choice of process.

Shrul,uttcourBng*rcefi ng
Simultaneous engineering cdls for the integration of each area of
the product development cycle by uniting the design engineer, the
mold maker, the converter, and the material supplier at the prod-

uct' s inception. Important interd ependent issues can then be cross.

oramined and any potential problems addressed before they be-

come mqjor obstacles. Ideally, the result is a higher quality part at a

lower cost. STK f003

tr*lrr,r,es:ii,nve fuemse
.Am irmporcanc deeisiom tlae desigmer musu ffixake is tllae cho.e* cr'a
eonversiora process. ?lee choice of proeesswiin, oflcourse, i"rmpact th*
tool design, but it rnay also call for a Erew material selection or an
alteration in the original part design. If, for example, it has been
decided that the part be extruded, then a.material grade with good
melt strength should,be considered.

Each process is chosen for its own advan tages and hindered by its own
limitations, md each calls for its own set of design and material
considerations. Extnrsion is a continuous process capable of mold-
ing long,,simple shapes without incurring high tool and die costs but
is lirnited in tenns ofpart complexiry. The sheet fabrication process,
compression molding, is capable of producing parts that have large
rariations in wall thickness with little or no warpage, distortion, or
voids. Still compression molding tends to be labor intensive.

Preszure andnacuum forming, both sheet fabrication processes, are
low pressure processes that are easily automated and relarively inex-
pensive in terms of tooling. Yet they are very limited i.n terms of part
complexity. Blow molding is the best way to produce holiow parts,
and it also molds parts wittr good stiffrresrto-weight ratios while in-
curring relatively low tooling costs. Like the others, it can be limiting
as it requires longer cycle times and expensive surt-up .Tf,. 

rOOn
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Idection Molding Thermoplastics
Design Freedom
o Consolidated Parts

. Snap-Ftts

. Diveree Shapcs

. Close lblerance
Parts

. Broad Material
Selection

Productivity
. trtsst CYclc Ttmes
o Dfficient Matcrtal Usage

r Elininated Secoadar5r
Opemdoas

r Reduced Labor
r'Automatioa
r Reduced SecondarSr

Oluadons

l0
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G€FiasEfes

Complex Thermoplastic Parts

High performaace tJrernoplastic parts cal be produced by
understarxding thf relationships that dictate good desiga"

l0

Par+icinenfts Nnfm.
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Injection 316[rling offers
the manufacturer design

freedom and
productivity advantages.

Hrgn perrormanee

ther::moplastic parts crn
beproducedby
rmderstandfu the
relationqhips tbat dictate
good design

Injectiot Moldbtg Thert wplettirs
I4iection molding is often the most productive processing method
for long runs. It.is an automated process thatallows.for faster cycle

times, efficient material usage, and the elimination of certain secon-

dary operations. It is a sophisticated process that requires good
tooling and part design for optimd productivity . Injection molding
<lffers the designer increased freedom by allowing for the consolida-
tion of parts and the incorporation of snapfits. This module
concentrates on crucial aspects of the injection molding process.

STK IOO5

trWgffi X&,es'irrspgs$frk Psr#
En-jecaiom rmol<Xing is the oraiy Broccss tiaat cara delirrer high to{er-ance

repeatability wi& the elirnination ofl scrap ared numeno us secon dary

operations. As a process it offers greater design flexibiliry, broader
material selection, and increased manufacturing productiviry. And
byunderstanding the relationship of design, materials, and procesr
ing and by adhering to the rules and limitations imposed by each, rhe

designer can succesdully create complex, high performance thermo-
plastic parts at lower cost. STK 1006
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High Perf,ormance Part Design

Moldability

Tboling
Consideratious Part Geometry

10

Participant's Notes:
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Stress

o Stress is an applied load
per unit area.

Strength is the maximum stress
a material can withstand.

a

,*ff .ts9aatlee
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Op' "n 
ize rnoldability.

Stress and strength are

keyterms.

mgh Perfonnnne Part Design: Moldobility
We've broken down the important design considerations for injec-
tion molding into three categories: moldability, partgeornetry, and
tooling c,onsiderations. Moldability refers to the ease with which a
material is processed and includes fillirrg, packing, cooling and
ejection of the part. Ultimate part quality is often a direct outcome
of the material's flow behavior in the moltl. STK 1007

S'da'ms

iv{ireimeizlng scress;s a. eitlezu consr.ci:erauon feln rrae eiesig:ler" "$tres;
ref'ens tCI a.ny appiie*i ioad ro dre material such as pultring, squeezrng,

bending, impact, heat, or electriciry. Streng*r is the ma:rirnum stress

a material can withstand. To a designer, strength is the macimum
stress a material can withstand and still recover. Tensile strength, for
example, measures the matimum pulling load a material czrn sup
port before yielding or breaking. STK 1008
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Part Performance Requirements

StrengtJr Heat Eleetrical
Insulation lnsulatiou

Each pert csllc f6r5 its own spccific sct of
perforaaacc rsquiretrcats.

GE P/c,stlcs@

10

Participant's Notes:

5rlffi-,i8-i',"iii

Material Properties

The property values reported on product data sbects
iadicatc relative per{ormance of matcrials.

6€Fbsfies@

l0

SEffaess Streogth Impact fhooability

Participant's Notes:
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Each part crlls for its
orrn qpecific set of
performance
reqgirements.

Thepropertyvalue on
product data sheets

indicates the relative
performaace of
materials.

Part P rfonnane Requir anmf
A part is designed to be functional in terms of both structure and
material. Material can be'chosen for aesthetic purposes, but is usually

selected for functional rearcns.

Each part calls for its own specific set of perfornance requipements.

A car burnper, for orarnple, must be strong and able to withstand high
impact Acoffee cup mustprovide substantial heatinsulation to pro-
tect the user from hot liquids. And it is essential that ttre handle on
a.screw driver provide electrical insulation from electrical shock.

Performance reqrrirements of the p'art should dictate material selec-

tion. STK 1009

tugnt&g Prwperti.w
i{umenous rnacerlaA properties are used to describe miarerial per*

forrnance. For our discussion, the designer has chosen to use an en-

gineering thermoplastic to manufacture their product design. We

are therefore interested in the properties that are used to compare
and describe thermoplastic materials such as tensile strength, impact
perforrnance, and flame resistance.

Each resin is subjected to an assortment of standard tesrs that
simulate actual application requirements. Engineers then report the
testresults on the resin's product,data sheet for material comparison
and'selection. The product data sheet can only provide a "snap shor"
of how a materid will respond in application. The test resuhs can
only measure how well a material will perform when tested un der on e

distinct set of conditions and variables. STK 1010
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Environqental Cons'iderations

High Modulus @ 75"? Los Modulus @ 24Oot

Low Impact @ -2O"9 Iligb Impaet @ 75'F
A uateriatr sbould bc tested uader anticipated cnviron^ueotal

coadltions to detcraiac its suita$illty.
l0

Participant's Notes:

::5ffi. ti(i jr!

Engineering Design Database (EDD)

GE's EngitrecriEg Dcaigtr Databasc contains graphieal data t|ut describes
tle aaterial through its useful pcrformaoce rzulges so ttre designer

cqn predict matcrial nespoascs undcr specific coaditions 
lO

GEFfasEfes@

oook
u)

-20.

75c

Straitr
Low

. ltasile Stress - Stxain

. ltssilc Crecp

r ltsnsile Fatigue

r Rlreolo€y

Participantrs Notes:
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Amaterial should be
tested rmder anticipated
envhonrneutal
conditions.

EtsB eontains graphicaB

data that describes a
material through its
useful performance
ranges.

Etgtittruttcntul Considerutiotts
GE's Engineering Design Database allows the materiat designer to
check the suitability of a material selection under anticipated envi-
ronmental conditions. Enlironmental rrariables such as temperature
can gfeatly afl'ect a material's properties. Modulus, for example,
tends to in.crease as the temperature goes down. Impact resistance,

however, tends to decrease as the temperature drops. For example,
if an'application calls for amaterial to maintain ahigh modulus at a

temperahrre @ 240oF, a material rnust be chosen that meets the
' modulus requirement at that temperature. Or if the application calls

for a material to maintain the same impact resistance as the tempera-
nrre is lowered from room temperature to -ZO"F, then a material
mustbe chosen thatmeets the impactrequirement at that tempera-
hrre. STK 10lf

Wqineqirg ffies@ ffiwtabase {F#.W}
GE"s Engineering Desiga &ambase (EDffi), conrains grap"tricai dara

that descrihes a material through its useful performance ranges. By

offering material performance information over a range of stresses,

strain rates, temperahrres, and times, the EDD can supply applica-
tion-specific data thatmore accurately predicts actual part perform-
ance than standard data sheets. STK fOf 2
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High Performance Parts

Plastic part performaace is uoaximized & cost Eri[ioized
by integrating tbc three areas of plastics tecboology.

Materials Processing

Design

GE P/p,stlcs

l0

@

Participatrs Notes:

Design

sTB( 1ffi94

@ G€Pfestfcs

Design

Part

Participant's Notes:

lf,heu discrrssirg desigl, botJr tlre
part and the mold Bust be coosidered.

Mold

l0
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Integration of design,

materials, and

processing results in
efficient part
production

1fftraem dissussiug desage

hoth the prt and the
mold must be

considered.

ry Prfonnan@Part.
Design, processing, and materids are the three rn aj or areas of plastics

technology. Only by integrating information from these three areas

of expertise c:ln a product designer meet the design challenge to

maximize part perfirrrnance and minimize part cost. STK 10f3

"€Sesama

'Gnee rhe past as ciesigned it rmust'be maondadi" iV{otrciabiiiry rnus; oe.

considered as part ofl ttre design process" S?E( 1014
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Application Development

Tbe designer's challcoge is to selcct a process aod a aatcrial, create
a design which mccts application requireureuts arrd survives

tie eariroanaeot at the lowest cost.

GE P/c,stlcs@

Process

+
t

a

l0

g) DcsdenPart Performance
Requireocots

f,gyi19s6gatal
Coasidcratioas

Material
Properties

Participantrs Notes:
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6EFfastfcs

Molded-in Stress

Low

o 
o^o

o^ olo-o
ot o Qoto

Stress

"t':"::i

High Mofded-il
Stress

r

A part witl higb oolded-ia stress will have less
available streugth & therefore fail at a lower in-u.sc load.

l0

Participant's Notes:
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ItIary factors need to be

considered rvhen

aesignfttg parts.

A p"rt with high mold-in
stress will hase less

available snreogth &
therefore fail at a lower
in'use load.

Applietion Datelopmmt
Ultimately, itis the responsibilityof the designer to design apartthat
is functiond. But it'is the challenge of the designer to select a process

and material that meet the part?s performance and environmental
requirements at the lowest possible cost. STK l0L5

futrafdd.d.ra "Saess
A part designer cieterrnines the maxirm.um:. arnor"am.e of srress the pant

rray need to withstand ur appiicaEioril, then chooses a material able to
withstand the appiication requirement. But the d.egree of suess any

material canr withsarid is finite. Molded-in stress refers to stress that
has been tuiltin to' the part during processi.g. Design, toolin g, and
molding steps,can be taken to reduce molded-in stress, though some

stress is alwalt inevitable. Still a part with high molded-in stress will
have lessanailable strengttr in application and therefore may fail at a

<9 Gcocrd Elccric Conpury 1989 M-Pt.Ll I 7-STI6MOD ro-l?,/8g+t 7
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Application Strength
Low

Molded-in
Stress

Higher
Performaoce

Part

High
Molded-ia

Stress

Lower
Ferforma.nce

Part

tr4ialmizing molded-iq stress will tnaxinize the available
stres gti for applicatioo.

l0

lAssembtyl Applicatioa

Molded-la lasseablyl Applicatton

s?K !.#a8

@

Actual Part with Stress

GE Ftastias

l0

Participantrs Notes:
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Minimizing molded-in

stress will maximize the

arnailable snrength for
application.

Ughtpatteros indicate

areas of stress.

Applietion Stengfri
Ttre designer must consider the total required application strength.

These inciude molded-in, assembly, and application stresses. Mini-

mizing assembly stress ancl molded-in stress allows for ma:<imum

arailable strength in the application. High molded-in stress may

contribute to premature part failure. STK l0l7

A*tuaY artwitiz,$fress
TTae cor"ecept of stress is oftem dsffficuit to urederstand because it is
impossihle t@ see with the naked eye" F{ere is an acrual photograpi:

of stress taken with polarized light. Light hits the object at manY

angles then scatters in dl directions. A polarizer can filter out the

angles, dlowingjustone to get through. This-onedirectional beam

of light airned at a tranqparent part containing no stress will pass

throughwithoutbending and no Pattern wouldarise. Uneven stress

in a part causes the beam to bend and a colorful pattern results. The

greater the suess the more Patterns will be visible. STI( l0f8

\/:
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Molded-in Stress

. Over-packing

o Uneven Shrinkage

l0

STK 1019

Participantrs Notes:

Noroal FIU

sffi itrz{)
{fr.tu
\fi/GE)r1!p'

Over-packing

,,G€'Ffesri'as

Over-paeking forces more naterial iato the cavity
rhgn ig rcquircd.

il

ll

Lor Strc*r Hlgh S.trclr
Thc polymer molccules are frozen iuto this compressed

statc upon cooliag causi-g molded-in stress.

ll

Participantrs Notes:
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Over-packing.

Overaacking causes

molded-in stress"

Moldd.instress.' Oaurtaehry
Molded-in stress is caused by either over-packing, .uneven, shrinkage

or a combination of the two. STK f 019

ffiuer@aekbag
&Vlaen too much materian is forced ineo *le caviry, dte result is ove:'-

packing" When a rnold is over-packed,, uneve n densitie s resulc. T-hese

unef,rerr densities lead to uneven shrinkage which can cause molded-

in stress. Instead of resting in a rela:<ed configuration, the molecules

are "crarnped'and therefore under a higher arnount of stress. Cool-

ing the pzrrt merely freezes the molecules in this compressed state

causing moldeti-in stress. STK f 020
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Molded-in Stress

a Over-packing

o Uneven Shrinkage

l0

srK 1021

Participantrs Notes:

sffi 3,ff99

Shrintage is tJre volrrme reductior caused by
the decrease ia the amouat of space betrrcca tlre

polyBer molcculcs uPol cooling.

GF Pfastiee

Shrinkage

l0

(ffii
wgj

Participant's Notes:
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Ilneven shrinkagc.

SAr;nkage is the vohrme

reduction caused bythe
decrease in the emount

of qpace betrpeen the
polymer molecrrles upon
6s6ling.

Moldd"instress: Unatm Sbinhage
Uneven shrinkage is a prevalent cause of molded-in stress. It may be

caused by design constraints and may result in structurai d.efects.

sTK 1021

Skrdrnkag*

Skrrini<age is r&e areateriatr volume reduceion that occuns upon eoon-

ing" During processing, heatis added to apolymer, creating enougtl
space benveen the molecular chains to allow them to slide past each

other and flow. This space causes an increase in the volume of
material in the melt sate. Upon cooling, the molecular chains slow

down and move back together again, causing a reduction in the
volume of the material. The degree to which the materiat shrinks
depends on the material and is an important design, tooling, and
processing consideration. STK f022
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Material Consideration

Amorphous Crysfqlline Filled
Amorphous

Materials shrink, differen0y tlran others and thereforc
require different part & tool design considerations.

l0

Part

I

Participant's Notes:

ffiw. S€trfss$des

Geometric Consideration
TG

A part rith u.niforu Yrall ttrickacss will fiU aad cool cro.Iy.

l0

sTE" Xffi?4

Participant's Notes:
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ilrlateriaJs shrink
differently & require
different part and tool
design considerations.

;.Baa'ss qri$a wem r*ranl

ti{aic.+rmess xsin3 fi}A algei

cool evenly,

lVlatsial Consideruti.on
Every material has its own specific shrink characteristics which are

recorded on the product data sheet. Amorphous materials tend to

shrink less thaxr crystalline materials. As a crystalline polymer cools,

it builds areas,of crystallinity. The molecules in these areas of
crystallinity lie more closely together than the molecules in an

amorphous polymer. A crystalline materid tends to shrink more

than an amorphous material. Although amorphous and crystalline

materials exhibit nearly isotropic shrinkage, a glass fiber reinforced

material exhibits anisotropic shrinkage. Glass fiIled polymers will

shrink more in the cross flow and less in the flow direction- It is
*-p".*, tt rt *r. tool accommodate *re selected material's shrink

behavior. STK 1023

G e&ce eWEe e orasiii watd ow,

4'r parr- wittl ucnever:i wanl '*h.ici<gless dioes not eool eqrerlt-tr. "[hi,s ma1'

result i.m unevem sFlrilei<age wiaicia .eauses stress. ST"E{. .8024
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Stress Due to Uneven Shrinkage

A part pit! as1-rrniform wall tJric&ness will cool
uaerenly. rresulting in bigh molded-ia stress.

l0

STK TO25

Participantfs Notes:

rSTK, "x,$36

ffi\'Yq',
G€ Fdrsfiae

\Marpage Due to
Uneven Shrinkage

Design Result

Concentratcd stress at theJunction of high &lor
shrintagp arqs Eay causc a part to warp.

l0

Participant's Notes:
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Molded-in stress is

increased byrmeven
shrinkage due to nor
rmifom walls.

:}ffie€s m&v ffiuse,l

MxElage"

Stress Due to lheum Shrhhage
\{hen a part contains rmrying wall thickness, tltinner sections will cool

more quickly than thicker sections. Once the thinner $ection has

cooled and shrunk, it solidifies thus hindering the adjacent thicker
section from shr:inking freely. The result is a high degree of molded-

in stress where the thin and thick sections meet. STK f 025

"eWa@ag* fgaee en ti-Jsaeuwa Sfierfueiwge

Stress at tille'iuncstane ofhiglh and icw shrxakage ar€as fi'n av cause a pairi

t0 wa.rp" SgE[ ]Sgtui
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Voids Due to Uneven Shrinka$e

The already cooled section will not yield to
tJre shria.king actiou of tie cooting iuterior mass

causing voids in tle thick portion of tbe part.
10

Participant's Notes:

(ffi,w
6€Fdasei'es

Sink Marks Due to Uneven Shrinkage

Sln& marks resrdt from a wall yieldiag
to t&e still shrilkirg ilterior masg

l0

:Sflf' 1CI8[j,

Participant's Notes:
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Voids con result fron
non*miform rvall

thidmess.'

Simk marBcs res&{e flrom

an outside wail yielding
to the stiU sUriot<ing

interior nrass.

Yoids Due ta lJnqtm Shrhthage

Uneven itrrintage may result in a void in the thick section- When the

already cooled section will not yield to the stiil cooling thicker

section, the shrinking action in the thick section may create a void"

srK 1027

,Sdm& &fsr&s WarE tu Armtew ffirfu&age
T'hc elnrinki:ag acuon im the sriii cooiirag thick" seecion nlay aorunpe$-

sate by creating a s!:rrk rnark on tlte surflace of the pa-rt" A sink rnark

is nothing more than avoid on the surface of the part. Both are the

result of continued shrinkage in one section of a part being hindered

by the solidification of another already cooled section. STK 1028

O Gcncrrl Elccuic C.ompanY 1989
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sTK 1029

@ GE Plastlcs

Uniform \Mall Thickness
Minimizes:
. Molded-in Stress

o Warpa$e

: Voids

o gink Marks
IO

Participaatrs Notes:

:$T?! iiffi"E{i

G€Fdastdes

High Performance Part Design

Moldability

Optimize
Tboling
Considerations <+ Part Geometr5r

t0

Participantfs Notes:
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Uniform wall thidrness
rninirnirgs molded-in
stress, warpage, Yoids,

and sink marks.

#Bt{nadze part geometry.

{-@omWaIlThie$s
Uniform walt thickness promotes even cooling and therefore even

shrinkage thus reducing such potential defects as molded-in stress,

warllage, voids, or sink marks STK 1029

gEWFa Pff,Fsrssesress ff'&rt fu*sdgve; .Pam Gearses{rr

Fcrr *cltifiaearri ;mondabtrLii.r ;i- i:; lrngrcrtaRr. lc siv* foi' ur:lform +vaii

rlaick ness. TTais is perhae s ffile rnost {"ten aiam en ca{ nutra wi: en oe si gn a n g

the geometry of a parE. Design ieatures and tooiing considerations

greate the need for rm.riations in thickness. STK f 030

6 Ccnenl Elccric Compeny 1989 M-P[.A {[r?-sTtGMoD lLlt/8940-!r



STK IO3T

@ GE Plastlcs

Part Geome
o Walls

. Reinforced Structures

. Corners

. Holes

. Hollow Bosses

High Performancc Parts incorporate uniform wall tiictness'- graaua traasitioa+ a.ud corner radll. l0

ffi
tfi/6Bl
\%P/

#6FlesE{es

Walls

The wall refers to the thickness of the shell
which provides the basic shape of the part.

l0

siffii. 1,$3!i

M-PLri-Ol I?-STILMOD rFl?./tg+!2 G Gcneral Elcctric Company 1989
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Participantts Notes:
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Part geometry addresses

sereral srrrcnrral
considerations.

?he mall reflers to t&e

shell of the part

iff:ffi 
"^dresses 

such strucrural consid.erations as walls,

reinforcement stnrctures, corners, holes, and hollow bosses. We will

discuss each individually, and explain how the designer can create

complex, functional parts and still strive for uniform wdl thickness

using gradual transitions and rounded corners. STK l03f

WYoWs,

Tee -*ra"ll rerbrsiir th.* sraeiri,vnietl erornde: the basrc :iname t'i:nt.*a:'
A.trl otlaer scn'uctuEes cara 

'be 
exa:aairaecr ln :renaaiori tc' rlae pant wali.

Reinforcem€nt structures, holes, and hollow bosses are just projec-

tions and depressions of the original waltr, while corners are actually

extensions of the partwall. STK 1032

€ Ccncral Elcctric Company I9E9 M-?tlollT-snrMoD l0-12,/t9+!!



srK 1033

\

Efficient Wall Design
The Designer Should Strive for Minimum Wall
Ttrlckness to lnerease Productivity:
. Reduce Material Consumption
r Reduce Cycle Time

Whilc Still Maiataining Part Criteria:
. Appropriate Flow Lengti
r Sufficient Structural Stiffness & Strength
. Required Thickness for Flammability

Rating

o Uniformity

GE Pbstlcs@

10

Participantrs Notes:

€TE{'ri034

@ ffi€Fdastfes

\4lall Design

+

+
Wheu noa-uniform uralls are present' the part should be
desigpcd with coring and ribbins to creatc uniform rall

fftickngss sfuils r1aigrqininE strcrgth & stlffncss.
l0

Participantfs Notes:

M-PlI4ll T-STII-MOD lo-12,.€-Oo-!4 O Gencrd Elcccic C,ompeny 1989



fJss rninirnun utalls rryhile

maintainingpart
performance.

Use coring to achiese

unifor:m walls in no+
unifor:m parts.

Efficient WaU Dxign
Wall thickness is 

" iti*r"y design consideration, yet it is entirely

dependent on the materid, selection" Minimum wall thickness tends

to increase productivitl'. EfEcient wall design calls for the thinnest

possible wall that sdll meets the performance requirements. Thin

walls reduce cycle time and material usage.Wall thickness is limited

by the flow length of the selected resin. The wail ttrickness must also

meet ttre stmctural and flammability requirements. And, of course,

the designer must strive for uniform thickness throughout.
srK 1033

Wcffi fuelrigs'e

F"unetiosraliry may ca$l flor tlte watr} to be chieker fu'l certain sectioras.

TTriek wails inerease production costs and are a source of potential

part defects, such as voids and sink marls, when used in conjunction

with thinner sections. Therefore even ttre slightest necessary rari-

ation in wall thickness should be handled gradually. The designer

, should strive for gradual transitions and the tool designer should.

allow the material to.flow from the thicker section to *re thinner

section to minimize the chance ofvoids orincomplete fills. Butwhen

ttre part calls for thickness or additional strength and stiffrress in one

section, it should be designed with coring or ribbing to create

swcnlal reinforc ment, and still maintain uniform *,H:T;r;

G Ccncrel Elccuic Coapany 1989 I{-PtIF{ru?-sTljrloD rrlt/89-{o-!5



Voids & Incomplete Fills

The melt should flow from thick to tbin sectious f6 minimize voids
aad incomplete fitls due to cxcessive drops in Presure.

GE Pbstlca@

Void

Incomplete
Fiu

l0

a a.

sTK 1035

Particioantfs Notes:

STE( i,SB

Participantts Notes:

I

@
G€ Fksficsr

Reinforcement Structures

o RibbinE

. Gusset

Stnrctural requiremeots caa be uet rith thin uniform walls
by use of ribbiug ard gussets for reiaforccoeal

10
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r:>



The melt should flow
from thick to thin
sections.

Ribs and gusserc maybe
used in lieu of increasing

rvall thidrness.

Iloids A Incompletg Fills
Thernioplastic material is injected into a cavity under Pressure.
While over-packing is the result cif too much Pressure, voids and

incomplete 6lls can result from insulEcient Pressure. Though an

incomplete fitl can result from insufficient injection pressure, it
more often occurswhen material is forced to flowfrom a thin section

to a thick section. Tlpically there is a drop in pressure as the flow

inoves from a thin section to a thicker section. As the Pressure drops,

the material sortofruns out ofsteam. Insuflicientmaterial is injected

into a section of the part and a void develops upon cooling. And if
the drop is excbssive enough, the material may not even fill the entire

cavity resulting in an incomplete fill. STK 1035

Rsfu{or*rtenL Swewf,ww

Reinfclreing Searures increase strueturaX. srrengttc and rig'idirf *ith
mfuirna& increasee in rnateriai ilsage and cycla tirne" Properly de-

signed and located ribs increase the stiffness and load carrying

capacity of the part They can also help to conuol melt flow through

ttre cavity. Gussets help to reinforce the part wall and suuctural

supports such as bosses without increasing wall thickness. Srill there

are some general ruIes thatgovern the design of ribs *d-*tj::;^
srK 1036

t Gcrcrd Elcctric Cortpany 1989
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STK 1037

@ GE Pbstlcs

Reinforcement Thickness

Rtb Rib thickness should be
less than the

wall thickness.

walt

l0

Participantrs Notes:

,?ffii r ao{:
-i :l !i= * {f Jl

ffi)\7
GEi.Pf€sfies

Ribbing Guidelines
Tb io.crease stiffness, increase tlre uumber of rlbs,

or gEsset plate.

For a giveo stiffness, it is better to increase tle
aumbcr of ribs, aot the heiglt.

l0

Participant's Notes:
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Rib thiclmess should be

thinngr than the nnall.

To increase stiffness,
increase the number of
ribs, or gusset plates.

Reh{orcentent Thi&nrsis
Rib thickqess should be less than thewall thickness. The actual ratio

is dependent on the material and the req uiremen ts of the design. Rib

thickness recommendations can riary fr om 40Vo to SUVo.Excessive rib

thickness may cause sink marks and voids. The height of the rjb

should be limited to?l/Ztimes the nall thickness and include draft

to allow for better ease of ejection. STK f 03?

Ribbllng Gw.idehinm

To incs'ease the stiflf*ess of'tlae part, dc srmt i.ncrease t*-le thickness of
che rib, as it nray cause sinl< marks on voids" And do not rncrease the

height of the rib for added stiffness, as it will becorne very difficult to

fill. For additional stiffness, increase the nuqber of ribs. Itis impor-

tant to allow enough distance, at least 2 times the wall thickness,

\trreen each rib. AIso, it helps to match ribs o:r each side of the part

to avoid warpage. STK 1038
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srK 1039

1

Optimum Rib Design
For Maximrun Stiffness & StrengtJr with

Limited Cosnetic Requirements:

- 4O-8O"/" of Wall Thickness
- No More tltan 3 Times

lVall Thicksess

- At Least 2x Wall Thickness
Betweeu Reinforcements

GE Pbstlcs

. Location

@

t0

. Thickness

. Height

Participant's Notes:

.i:fld l,{}4fii

@
G€ F{astfes

Corner Design
Sharp Coraers Concentrate Stresscs

in a Localized Area
- Notcb Sensitivity

A Rounded Outslde Coraer / Sharp
Inside Corncr Cr€.rt€ Uacren

ShrinkagC - Warpage

A Rounded Inside Coruer / Sharp
Outside Corner Creates Uncven
Sbriakage - SiaA Marks & Voids

0 e
l0

Participantrs Notes:

M-PLA-ol U-STILMOD ro-lr/Eg{o'tlo O Gcncrel Elcctric Company 1989
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For optimun rib desigq
thiclmess, height, and

location must be
considered.

Goraer design is critical
in good parB"

Optimum Rib Design

To reiterate, the optimum reinforcement design calls for: thickness

that is less than ttre watl thickness; height that is no more th+n 3 times

the wall thickness; and space of at least 2 times the wall thickness

between reinforcements. And aswe'll see later, most Partprojections
and depressions should be tapered for ease of ejection- STK 1039

{&rsrer eeslg?B

Corrxer design is criticai im good parts. S?r*"8 e@ffilers tend tr> concerl-

.trate stresses in a locaiized area. [t is mot enoughe to round the corners

onjust the outside orjust the inside. A corner that is rounded on the

oueide only has little effect on the notch sensitivity of the angle, and

it can create uneven wall thickness, uneven shrinkage, and possibly

$,arpage. A corner that is rounded on the inside only also creates

unerren wall thickness, uneven shrinkage, sink marks and possibly

voids. STK 1040

O C:ncrel Elcctric Corapeny 1989 M-PLIJr I?-STX-UOD 10-12,/09+11



sTK 1041

@ GE Pbstica

Rounded Corners
. Minimum Stress Coaceatration

. Uniform Wall Thickness

. Smooflr Melt Flow

. Inproved Impact Performaace

Coraers should be radiused as mucb as possible
while maintaining rrniform wall +hicknessr

l0

I

Participantts Notes:

i::Tjp. j.ri]*i,

@ ste f/ras8r€e-

Hole Design

Radiused
Corner Radius iaside corners of all boles

to eliminatc stress coEcetrtratioo.

w
Adequate
Space

Minlmum space between holes or betrreea
holes and wall is two times tlre wall
thic&ness Or two times hole dlqmgf4L

l0

-2W

2W

o
o

2W

Participantfs Notes:
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The more rounded the
colaer, the broaderthe
distribution of stress and

1fos higher dfug irnFact

performance.

Rules forhole dol$o.

Rototdd. Corfl,ers

A cornerls sress concentration decteases as the radius of the corner
increases: the larger the radius, the lower the stress. The designer

should try to create a corner that is as r.lniform with the wall thickn ess

as possible, with rounded interior and exterior corners. Rounded

corners improve melt flow through the cavity and ultimately provide

better impact performance by -itlimizing corner stresses.

sTK 1041

&Xak ees?€?@

E{oies im a para shouid he thouEht oflas not}aieag rnore ehan depres-

sionsiga rhe partwall" Squrare h.oles containing sharp i.nteior corners

are subject to the same kind of stress concentration that atTects corner

design. A rounded hole distributes the suesses throughout and

strengthens the hole. Like the rules of reinforcement design, the

space between holes should be at least 2 times the wall thickness or
2 times the diameter of the hole. And since holes are created by a core

in the tool, the core should be tapered or drafted for better ease of
ejection. STK f042

O Gcncrel Elcctric Corapany 1989 M-PtrJl 1?-STr-MOD rG1?,/${'G4!



sTK 1043

A wdd line results when tcro flow fronts meet and 'knif.'

Obstnrction Multiple Gates
The weld line is an area of. wcakness and should

bc locatcd is a low stress portion of ttre part

GE Pbstlcs

Weld Line

Weld Liae

Wdd Line

10

@

Gate

-. lli.l :t1i{t"-'

Hollow Boss Design
Coriug bosses and supporting thcm rith gussets minimizes
high molded-ln stress or dcfect duc to uneuen shrinkege and

strengtfrens them to withstand mechanicdl assembly.

Fastcning bosses should nerrer adjoln verlical f,ralb but
should be connccted to the cralls to eUminate thick

sections ar-rd sink marking.

G€Fiasddas;

t0

Participantrs Notes:
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The weld line is an area

of wealrress and should

be located in a low stress

portion of the part.

Hollowboss designwill
differ depen{ing on

applicatio'.
requirements.

Weld Line
As the material flows through the cavity; a,core or core pin will divide

the flow into two fronts: The point atwhich the tr,vo flow fronts rejoin

on the other side of the obstruction is called the weld line. The weld

line is an area of weakness and should be located in a low stress area

of the part. The location of the weld line depends'on gate location.
sTK 1043

W*EEoat Boss,&esdgre

F{oilovr bosses ar€ q,picailv teseC to faai}itate pare asse:n'rh}'7 by trocating

firating parts and accepting fasteners" Since the holiow boss must be

capable ofwithstanding mechanical assembly and use, itis important

that it be well supported. For maximum streng*r, the boss's interior

diameter should be 2 times the diameter ofits hollow core. The boss's

outside diameter should be truo times the inside diameter.

A hollow boss is often tied to the adjacent ttall to give it additional

strength. The design may result in locally thick sections that can

cause sink marks and othbr defects resulting from uneven shrinkage.

Moving the boss inboard and coring betrreen the wall and the boss

will avoid heavy sections and the associated problems. Freestanding

bosses should be reinforced wittr gussets for better stability.

sTK 1044

6 Gcncrel Elcctric C.ompany 1989
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sTK 1045

Molded-in metal inserts may crack tlre boss due to
hoopstress caused by shrinkage of the plastie.

GE Pla,stlcs

Molded-in Inserts

10

@

Excessive
Hoopstress

Causes Cracking

Participant's Notes:

,RTEI:|#46,

If a Snap-Fit or Flex Finger br€ats under stres' malre it
Ilatter, ftinn6s', orlonger to iml.nove lts straia capabiltty.

S€Ffasnes

Snap-Fits
Keep It Flat

Keep It Thin

@

NO

l0

Longer Is Better

Participantrs Notes:

M-PtA.Sr 17-STILIIOD rG 1218-{0-16 O Gcncrel Elcaric Coapeny 1989



Molded-in metal inserts

can bause cracking.

Moldd.in Inseia
Metal inserts are sometimes molded-in during processing, but the

metal cari create hoopstress that weakens tlie boss. During cooling,
*re metal insert retards the surrounding plastic boss from shrinkrng
freely causing a hoopsuess and a wealened part. Excessive hoop
stress will evenhrally cause the boss to crack. It is suggested that metal

inserts not be molded-in, but inserted later. STK 1045

eitepf@w

)naB-sill "ii': Jielln:: l; itseiiii-aun-r:;al . aSSemDi': 
-'^i"3=:: 

tr35i.gnlnf

snap-f;t, i.t is inaportaret to keep it ftra'r, iceep ir thin, anC ionger ls better.

Adding support to the bottom, or increasing the thickness of the

snapfit will increase the stress in the snapfit. Lengthening rather
than shortening the snapfit will reduce the strain during assembly.

sTK 1046

O Ccncrzl Elcctric Company 1989 M-n.{{ll 7-STIGMOD rG12//89OO-r7

Snapf?t desigr& e-edes:

keqr it flat, Leep it thiq
and longer is better.



sTK 1047

High PerformaRce Part Design

Tboling
Considerations

GE Pbstlcs

Moldabitity

Part Geometry

l0

@

Optimize

Participantfs Notes:

t-flTi l dld.:r

ffi,'W
GStrfesfdae

Gate Location
The Gate or Gates Should Direct Flow...

From Tbict Seetloas to Thir

Against the Cavity Urdl t0
Avoid Jettiag

l4l 
^IUIlJt-u-

Tb Miuimi". the Effect of
Wdd Lines

Ia tte Direction of Rtbe &
Otlrer Rciaforccoeots

Away from Hig! PerforuanccAreas
t0

Participantos Notes:
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Design
Considerations
fs6ling

Optimire tssling
considerations.

Understand gate

location.

High Pufonnmte Part Design: Tooling Considqations
Even while discussing moldabitity and part geometry, we've touched
on tooling considerations. As we stated at the beginning,, rnost
important design issues are interdependent. Throughout rhe prod.-
uct developmen t cycle, it is also innportan t to optimize certain tooling
considerations. STK l04Z

#ste E-owtiwa
The gate [oeatiorc deterTrsines the ffiow of the amareria] rLrnough rhe
caviry" Gates sfloLlid be trocated ro direct the materia] fiow {iorn ttrick
sections to *rin sections for smoother flow. They should be located
to allow impingement against a cavity wall or core to avoid jetting.

Jetting occurs when the melt doesn't substantially touch the cavity
surface to create a flow front but hurls forward undisciplined.. Gates
should be located to minimize the effecrs ofweld lines. If possible,
gates should d.irect the flow in the direction of any reinforcement
ribs. The gate is an area of stress and should be located away from
high perforrnance areas.

Multiple gates are often designed to reduce the flow length and.
create better balanced loading on the core. Multiple garing intro-
duces weld lines and weal< areas due to incomplete fusion of the flow
fronts. It is the challenge of the design team to weigh the various
advantages and disadrantages of multiple gatingwhen deciding the
best way to design the part. STK l04g

G Gcncrd Elccrric Conpny l9tt9 M-Ptt {r I7-STIC-MOD tGl2,/89_OO_,Et



STK TO49

Gating & Performance

Since the gate is a stressed area lt should be

located ia.n ar"a which avoids load' heat'
piessure, UV, or cbeuical cxPosurc'

GE Plastlcs

l0

@

Gate
Gate

Load
Load

Bad

-\
1

Good

Participant's Notes:

SEi [$56i

Llnc of
Dms

draft

6E F|r,stts.w

Ejectin$ the Part
Easier EjectionDifficult Ejection

will facilitatc the part ejectioo'
l0

@

Llae

Draft

Participantrs Notes:
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The gate should be
Iocated in.an area rvLich

avoids load, heaq

pressure, IJV, or
chemical eKposure.

Am easypar* ejectiora k
achievedwith genaous
draft angles.

G",ti"g A Peformance
The gate affects the surface appearance of a part, it is often lodated

according to aesthetic preference. The gate is also an area of molded-

in sffess, and should be located irr an area which avoids loads,.heat,

pressure, U.V., or chemical exposure.

Gate size is also an important detail" While a small gate is usuallyaes.

theticallypreferable, too small agate maycause such problems as gate

blush, cold flow, jetting, or improper.fi.lling an<i packing due to
premature freezing at the gate. Again it is up to the design team to

ascertain the optimurn gate size considering the part and tool design,

as well as the material being used. STK f 049

$ea|ru.rag{tae Psm
'ni"aroug;ttoue etae seetiiora .,:t rernforcerx'ifl;"? r siri.r;[ure . urre ernphasizer*

t{ae reeed to angls ribs, holies, a:ati hosses for ease of'ejection" This

angle is called the draft angle. An angle that is parallel to the line of
drawis difficult to eject, as the plastic tends to shrink tightly around
the core upon cooling. A slight angle allows for easier part ejection.

sTK 1050
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STK 1O5I

@ GE P/p,stlcs

Draft Angle

Partitrg
Llne

Draft is the tapering of surfaces parallel to tlre liue
of draw for easier Part rerroval.

.oo lo 5c

No Draft Plus 1o of Draft Plus 5o of Draft

Tbe larger the draft angle the eacier tJre eJection.

l0

Participant's Notes:

s?Ei i#5::

@ &6trfasEies

Tbxtured Surfaces
Tbxturing the side walls of a cavity to enhance

part appearaace will produce uadercuts:

Cavity Undercuts

lExtured Surface

TExhrred surfaces require a normal draft angle plus
at least 1' per side for eacJr .OOl inch of ttrture dcpth

IO

Farticipant's Notes:
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Tex6erred sqlrE'aces

reqgire additional draft"

ryAngle
Draft refers to the angling or taperin g of part surfaces that are parallel
to the line of draw for easier part remorial. Generatly, a draft angle

shouldbe includedon anywallin thedirection ofdraw; thelarger the

draft angle, the easier the ejection. The minimum amount of draft
angle depend.s on the polymer being used.

Soft, ductile, selllubricating materials such as polyethylene, nylon,

and pobpropylene will require less draft than hard, brittle, abrasive

materials nrch as polysqnene, acrylic, or glass fillecl polysulphone. It
is important for the designer to be specific when indicating d.raft

angles. STK f05f

T'wwsrw' .Sadrrwtx

,Therznopiasie pa:"'rs a-r',s somredx-Jles t€:rrure*. tbr aesci:edc i'eascrls.

Texrurang ereaEes urndercurs t"hat rnay lreake e3ecnon aiiffrcuet" As a

generai ruie, draft angles shouid be increased by Xo for every .00i

inch of texture depth. However, the draft angle may have to be

greater when molding stiffer materials. . STK 1052

G Ccncrd Elcctric Coapany l9E9 M-PLAFOI I?-STIFMOD l(Lr2n94G5t

Draft is the tapering of
surfaces parallel to the

Iine of draw.



srK 1053

@ GE Pbstlcs

Computer Aided Engineering

Conputcr aided enginccring provides Dutnerous analytical
techniques to optimizc materials & part & mold designs.

l0

fr ..tDa r-ra.9.!D Orq[

or.tl.at.-.It..Et-.ataE

Farticipant's Notes:

51lT( XS5+

Understanding
Design and Performance

GE'Ptastics

l0

@

Participantls Notes:
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CAE facilitates part
de"ig.

Suwmas'y aed
FefU*fgfertspCe

F=eedback

ComputET Aid ed Eng*ru qing
ComputerAided Engineering (CAE) allows the designer to examine

the many design, material, an d processing consideration s up fron t at

the product's inception. A comPuter Program completes the neces-

sary design iterations in less time than it would take manually. This

allows the designer to arrive at the optimum design more quickly-

srK 1053

{Jrad,erstawddng W *oW and. Ferformanee

Froduct d.evetroprnemt is a complex process requiri.ng careful consid-

eration of nurnerous issues such as ft.rncrionality, f,orrn, rnateria-I,

manufacturabilityand cost. To integrate the design functions, simul-

taneous engineering offers an adrantage over the traditional devel-

opment process. Three important design considerations were dis-

cussed: moldability, part geometry, and tooling. Strategies to mini
mize molded-in stress and optimize P4rt geomeqy were suggested.

srK 1054
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@ GE Plas,ttcs

Describe the disadvantages of the
traditional development process.

l0
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Participant's Notes:

Sffi{ I,SSE,

,ffi
\fr/6})\U,

G€ Ftrasfies

Tfaditional Development Process

Mstcrlals

Isolating each area of thc product derrelopmert sycle
results in more dwelopment time, increased costs'

and compromised part performance.
l0

PlesUc
Parts
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Identify two causes of
molded-in stress.

GE Plastlcs

l0

@

Participantfs Notes:

GEPbstics

Molded-in Stress

o Uneven Shrinkage

ffiltrIGg')\V

Over-packing

l0
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Participantfs Notes:
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@ GE Plastlcs

List four advantages of uniform
wall thickness.

l0

STK 1059

Participant's Notes:

gTEi,1#S*

@ GtrFlasiies

Uniform Wall Thickness
Minimizes:
o Molded-in Stress

a Warpage

o Voids

. Sink Marks
l0

Participant's Notes:
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@ GE Plastlcs

Describe the tooling considerations

part design.

l0

STK 106T

Participantts Notes:

5?B:' 3S62

@
{38 Fdasfics

Tboling Considerations

o Gate Location

" Draft Angles

e Tbxtured Surfaces

Participantts Notes:

Q Gcneil Electric Company 1989 l{-Pl.r.lu-sTI(dMoD r0-r2,/89-oo-5a
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@
GE Plastics

Module 10

Prformance Feedback

l. Describe the advantages of simultaneous engineering compared to the traditional

development process.

2. Describe the relationships between moldability, tooling & part geometry that dictate high

performance part design.

z- &esc::be srracegle: i:-riilnlrnlzr moieieG-ln sgress.

4. Describe strategies to optimize part geometry.

5. Describe the tooling considerations for ensuring high performance part design.

6 Gcnerel Elccuic C.oupeny 1989 M-P[A-OI l7-STK-MOD r0.12,/89{r0{r.


