GE Plastics
Injection Molding Design Guidelines

L Engineering | hermoplastics

DESIGN GUIDE

A successful application of an engineering thermoplastic requires more than identifying a specific product or grade.
Three areas — design, product, process — are all interrelated and the appropriate rules in each area must be
followed to ensure a successful application. In most cases, the process must be determined before a specific resin
grade can be selected. During this review, designers also need to consider whether the process is capable of
meeting the design requirements such as size, shape, detail and tolerance.
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Wall Thickness

The typical plastic part may be considered to have a shell type configuration with a basic surface and features
which are attached to it to meet functional requirements. From a moldability standpoint, the following are commonly

regarded guidelines.

Guideline

The hasic wall of the part
should be kept uniform.

Basis

This pravides for even flow
of the melt during injection.
Even cooling and shrinkage
that cantrols part warpage
and reduces molded in
stress.

i &

Cored Projections

Guideline

Coring should be employed
where possible to eliminate
material masses in the
part.

Basis

Coring results in more
efficient design and faster
mare productive cycle
times. It also provides mare
unifarm shrink and avaids
sink marks.

Guideline

When wall thickness
transitions cannot be
avoided, the transition
should be made gradually,
on the order of 3 to 1.

Basis

The gradual transition
avoids stress
concentrations and abrupt
cooling differences.

Guideline

The part and the gating
should be designed so the
melt flows from the thicker
section to the thinner
section.

Basis

This avoids a restricted flow
and reduces molded in
stress. It also allows for
mare uniform packing.




Wall Thickness Considerations

The actual determination of the wall thickness is based on a number of considerations.

These include:

= Application Requirements. Structural requirements including strength, impact, fatigue or deflection will be
influenced by the wall thickness selected. Electrical loads may also impact on the wall thickness.

= Moldability The size of the part and the ability of the material to fill the furthest point can determine the minimum
wall. The maximum flow length is also a function of tool design with gate location and number of gates used.

= Agency requirements. For some agency properties, the rating is based on a minimum wall thickness which the
part design must meet or exceed to satisfy an agency requirement. This would be the case for UL flammability or
RTI.

The wall thickness specified typically should meet all the considerations noted. From a cost standpoint, the thinnest
wall utilizes the least material and results in the fastest molding cycles.

Parting Line and Ejection

The designer needs to consider how the mold will part and design in appropriate draft and shutoff. Often design
changes to a feature can eliminate the need for action in the mold, saving tooling cost and maintenance costs later
on. Guidelines relating to draft, shutoff and parting lines are offered below.



Guideline

On surfaces in the draw
of the die, & minimum of
1/2" should be specified.
Typical draft is 1° More
draft aids ejection but
may generate a material
mass on sections
contained in one side of
the maold.

Basis

Draft is required for
release.

Guideline

Keep features in the
parting plane to simplify
the part. YWhen a stepped
parting line is required,

Basis

Dray at the shut off will
weear over tirme and
develap flash.
Maintenance to restore
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Guideline

For deep ribs and
protrusions, allow for
knockouts on the tops of
the ribs or at
intersections.

Basis

Knockouts for ejection
need to be incarporated
into design as they are
frequently greater than
the section and must be
free to travel during the
gjection strake.




Appearance Parts

Texmwrad
Surface
Drafi

Where D = Texture Depth (in.)

] A

Mirirmwum Draf
Angle

Guideline

To maintain a Class A
surface on a malding, the
side behind the
appearance suface must
be free of projections and
depressions. If a
projection can not be
avoided, then the
maximum thickness at
the intersection is half
the nominal wall
thickness.

Basis

“ery subtle changes in
the wall section may
read thraugh an a high
glo=s, high quality
surface. Even tooling
lines made from sloppy
fitting lifters may read
through noticeably on the
appearance surface.

Guideline

=ome relief may be
avallable to locate a
structural rib opposite a
Class A surface if a
styling line runs directly
opposite the rib.

Basis

The read thraugh is
masked by the styling
line.

Guideline

Consider the use of
texture on the
appearance surface to
mask read through of any
detall on the opposite
side.

Basis

The texture breaks up a
glossy surface and minar
read through is not
naticeable.

Guideline

Allawe 17 additional draft
for each 0.007 in (0.025
mm) depth in texture,

Basis

Increase in draft angle is
needed to avoid scuffing
and obtain proper
release.




5 £ Texturad Ends

60 in. Suggestad

Guideline

Textured surfaces stop 3
preferred 0.060 in (1.524
mm) or a minimum of
0.040 in (1.018 mm) from
any parting line.

Basis

Terminating the texture
improves the durability of
the parting line.

040 in. Min.
Guideline Basis
Raised ar recessed The breaking of the sharp
r = .010 Min. letters on appearance  |edge helps the
sufaces hawve a minimum jappearance of the
radius of 0.010 in (0.254 |lettering.
).
r =010 Min.
Guideline Basis

Frint notes for
appearance parts. Locate
knockouts, gates and
insert lines away from
identified appearance
surfaces. Specifications
include color number,
gloss number or texture
specification. All
appearance and post
finish surfaces are
identfied.

To communicate clearly
on the part drawing
information with regard to
appearance.




Ribs
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Guideline

The thickness of the rib at
the intersection with the
nominal wall should be 50
to B0% of the nominal
wall.

Basis

The intersection can
develop a mass of
material if rib thickness
gets too great. This can
affect the fill pattern within
the mald and can result in
sink on the wall opposite
the rib.

Guideline

Maximum rib height: h=3
% norninal wall thickness.

Basis

Deep ribs become difficult
to fill, may stick in the
mald on ejection, and
with draft they can
generate a material mass
at their base.

Guideline

Typical draft for ribs 1= 1
ta 1.5% Minimum draft
should be 1/2% per side.

Basis

Draft is necessary to aid
gjection of the part.

Guideline

The intersection at the
base of the rib should
radil. 25 to 50% of the
wall thickness, A
trinimum radius of 0.015
in (0.381 mm) is
suggested.

Basis

The radius eliminates a
sharp corner and stress
concentration. Flow and
cooling are also improved.

Guideline

apacing between two
parallel ribs should be a
minimum of 2 % wall
thickness.

Basis

This keeps the mold from
developing a hot blade
and cooling prablems.

Guideline

The preferred flow of the
melt in the mold is dawn
the length of the ribs.

Basis

The flowe across the rbs
results in a branched flow
and can trap gas or
hesitate because of the
thinner section.
Hesitation can result in

stress and hinder fill.




Gussets

Gussets may be considered a subset of ribs and the guidelines for ribs apply to gussets.

Guideline

The thickness of a gqusset
at the intersection with
the nominal wall should
bie 20% of the nominal
weall.

Basis

This will keep the gusset
fram reading through the
naminal wall as sink.

Guideline

The height of the gusset
can be 95% of the height
of the boss it attaches to.
Generally the height will
be less than 4 times the
niorminal wall thickness
and the preferred height is
2 times the nominal wall.

Basis

This has to do with the
effectiveness aof the
gussets and the ease of
malding with respect ta fill
and ejection.

Guideline

The length of the gusset
may vary from 30 to

Basis

This addresses the
effectiveness of the

the nominal wall should
hawve a fillet with a radius
of 25% of the nominal
weall.

100% of the height of the |gusset.
fusset.
! y Guideline Basis
41 min. ﬂl 50 -:{h Boss
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L usset with the feature ar |corners which can
L T = b

introduce stress
concentrations and
adversely affect the
malding process,

Guideline

The spacing between the
gussets should be at
least twice the nominal
wall thickness.

Basis

This 15 the same
guideline for nbs and it
pertains to the strength

and cooling of the mald.

Bosses




Guideline

Typically the boss OD =
21D,

Basis

This iz the general rule of
thumb which allows the
wall to increase as the
size of the boss
INCreases.

Guideline

The wall thickness at the
base of the boss should

rermain less than B0% of
the nominal wall

Basis

Wall thickness greater
than this guideline will
result in a material mass
which can produce sink

The boss height should
be less than 3 x Q0.

thickness. and possible voids. This
may also extend the
cycle time.

Guideline Basis

A tall boss with the
included draft will

Draft sl generate a material mass
Li2™ Min. & Crraft l? HIJ'I. ) at the hasze. In additinn,
E;II,[} 0.D. =2xLD. the core pin will be
030k 9 difficult to cool and_ can
gL Sl extend the cycle time and
. 1] affect the cored hole
GLJ FANNRE I =T dirmensionally.

Guideline

The boss should be
radiused at the base.
Hadii at the base should
be 25 to 50% of the
nominal wall thickness. A
minimum radin of 0.015 in
(0.381 mm) is suggested.

Basis

Bosses are often an
attachment point and
carry significant loads.
The intersection of the
base of the boss with the
naminal wall is typically
stressed and this is
magnified by a stress
concentration if no radi
are used. In addition, radii
help in malding.

Guideline

The end of a cored hole in
the boss should have a
minimum radius of 0.010
in (0254 mm).

Basis

A radius of the core pin
avoids a sharp corner
which aides malding (fill
and cooling), and
diminishes stress
concentration.
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Guideline

Draft an the 0D is 1/2°
rrinirmurm.

Basis

Draft is needed far
telease from the mold on
gjection.

Guideline

Draft on the |Dis 1/4°
rrinimurm.

Basis

Designs may reguire
minimum taper to get
proper engagement with a
fastener. With proper
ejection and palishing an
the mold, the small draft
angle can be
accommodated.

Guideline

Bosses adjacent to an
external wall should be
placed inboard a
minimum af 0,125 in
(3.175 mm) to the edge of
the boss Q0.

Basis

This location allows the
designer ta tie the boss
to the wall with ribs and
avoids creating a material
mass which would sink
and lengthen cycle times.

Guideline

Keep the minimum
distance of twice the
niorminal wall thickness
between 2 bosses.

Basis

When features are
located too close to each
other, thin hard to coaol
areas in the rmold will
develop and can affect
part quality and
productivity.

Boss Design for Fasteners
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Guideline

The 1D should be .8 = nominal

sCTEw diameter,

Basis

This is the proper dimension
for a screw to fap threads in
i boss,

Guideline

Serew engagement should be
a mirdirmum of 2-1/2 times the
serew digmeter

Basis

Shorter engagement lenglhs
risk siripping the threads
curing assembly and pull oul
sirength may be reduced.

Guideline

The depth of the cored hole

should b= 0032 in (0813 mim)
greater then the serew length
when fully engaged.

Basis

This avoids bottoming the
serew causing undo stress
and allows room for displaced
malerial from the sel§ tapping
serews, primarily thread cul-
Ling screws.

Guideline

A chamler at the top of the
bxoss is a good lead in for the
fastener,

Basis

The designer can speed the
amembly by adding lead in
to his design.

Holes and Depressions

Injection molding is a high pressure process and the viscous melt can deflect or even bend core pins in the mold.

As a result, design guidelines address these occasions to help avoid the problem.
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Guideline

For blind holes, the
length awer diameter
ratio should remain
below 2. As the
diarmeter of the hole
increases above 3/16
inch, the length over
diarmeter ratio can
increase to 3.

Basis

The strength of the core
pin to withstand the
pressures applied by
the advancing melt are
best addressed by
relating the cross
section of the pin to the
length of the pin.

Guideline

For through holes,
support of the care pin
can be obtained on both
ends or the pins can
meet in the center
which allows the
diarmeter to length ratio
to increase to 4. For
diameters greater than
3116 inch, the length to
diameter ratio should
remnain below B.

Basis

Because of the
increased support, a
through hole can be
twice as long as a blind
hole without deflecting
on the injection cycle.

Exception

The length of a core pin
may exceed the
guideline if a fill pattern
is such that a balanced
force is developed on
the care pin.

Guideline

A wertical step of
approximately 0.015 in
{0.3831 mm) may be
considered around the
open end of a cored

hole.

Basis

Thiz allows for slight
mismatch in the mold
and the core pin to be a
part of a larger diameter
doll needed for mold

design.

Guideline

A note identifies areas
where weld lines are
unacceptable because
of the high loads and
inadeguate strength.

Basis

YWarning to a mold
designer or processor
about structural
requirements as they
relate to maolding.

Guideline

The maold design should
direct the melt flow
down the length of slats
or depressions and
atternpt to locate knit
lines in thicker
sections.

Basis

A Aflowe a5 described in
the guideline will result
in the least molded in
stress and knit lines are
balstered by the
increased section.

Guideline

The distance between
twio holes or one hole to
the edge of the surface
should be at least 2 %
the nominal wall
thickness or 2 x the
hiole diameter if that
dimension is larger.

Basis

Adeguate material
around a hale iz needed
for strength particularly
when knit lines are
likely to be present.

Guideline

The edges and corners
of a depression should
have a minimum radius
of 0.015 in (0.331 mrm).
The preferred radii is
A0% of the nominal wall

thickness.

Basis

The incaorporation of
radii aids in the molding
and strength of the part.




Radii, Fillets and Corners

Guideline

A fillet radius should
be between 25 to BD%
the nominal wall
thickness. The larger
fillet radius is
suggested for load
carrying features. A
minimum radius of
0.020 in (0.508 mm) is
suggested. Break any
sharp corner with at
least a 0.005 in {0127
mmm) radius.

Basis

Froper use of radii
avnids stress
concentrations in a
part.

Guideline

The outside corner
radius should be equal
to the inside radii plus
the wall thickness
(R=r+t)

Basis

This practice keeps
a unifarem weall
thickness at the
corner and reduces
stress
concentrations.




DISCLAIMER: THE MATERIALS AND PRODUCTS OF THE BUSINESSES MAKING UP THE GE PLASTICS
UNIT OF GENERAL ELECTRIC COMPANY*, USA, ITS SUBSIDIARIES AND AFFILIATES ("GEP"), ARE SOLD
SUBJECT TO GEP'S STANDARD CONDITIONS OF SALE, WHICH ARE INCLUDED IN THE APPLICABLE
DISTRIBUTOR OR OTHER SALES AGREEMENT, PRINTED ON THE BACK OF ORDER ACKNOWLEDGMENTS
AND INVOICES, AND AVAILABLE UPON REQUEST. ALTHOUGH ANY INFORMATION, RECOMMENDATIONS,
OR ADVICE CONTAINED HEREIN IS GIVEN IN GOOD FAITH, GEP MAKES NO WARRANTY OR GUARANTEE,
EXPRESS OR IMPLIED, (I) THAT THE RESULTS DESCRIBED HEREIN WILL BE OBTAINED UNDER END-USE
CONDITIONS, OR (ll) AS TO THE EFFECTIVENESS OR SAFETY OF ANY DESIGN INCORPORATING GEP
MATERIALS, PRODUCTS, RECOMMENDATIONS OR ADVICE. EXCEPT AS PROVIDED IN GEP'S STANDARD
CONDITIONS OF SALE, GEP AND ITS REPRESENTATIVES SHALL IN NO EVENT BE RESPONSIBLE FOR
ANY LOSS RESULTING FROM ANY USE OF ITS MATERIALS OR PRODUCTS DESCRIBED HEREIN. Each
user bears full responsibility for making its own determination as to the suitability of GEP's materials, products,
recommendations, or advice for its own particular use. Each user must identify and perform all tests and analyses
necessary to assure that its finished parts incorporating GEP materials or products will be safe and suitable for use
under end-use conditions. Nothing in this or any other document, nor any oral recommendation or advice, shall be
deemed to alter, vary, supersede, or waive any provision of GEP's Standard Conditions of Sale or this Disclaimer,
unless any such modification is specifically agreed to in a writing signed by GEP. No statement contained herein
concerning a possible or suggested use of any material, product or design is intended, or should be construed, to
grant any license under any patent or other intellectual property right of General Electric Company or any of its
subsidiaries or affiliates covering such use or design, or as a recommendation for the use of such material, product
or design in the infringement of any patent or other intellectual property right.

* Company not connected with the English company of a similar name.

Lexan*, Noryl*, Noryl EF*, Noryl GTX*, Noryl* Xtra, Valox*, Ultem*, Xenoy*, Cycolac*, Cycoloy*, Enduran*, Gelon*
and Geloy* are Registered Trademarks of General Electric Co., USA.



