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Most of the design principles covered in 
this manual apply to all of these resins. 
When discussing guidelines or issues for 
a specific resin family, we reference 
these materials either by their Covestro
trade names or by their generic polymer 
type.  

The material data scattered throughout 
the chapters is included by way of 
example only and may not reflect the 
most current testing. In addition, much 
of the data is generic and may differ 
from the properties of specific resin 
grades. For up-to-date performance data 
for specific resins, contact your Covestro
sales representative or refer to the 
following Covestro information sources:  

Thermoplastic Resins Properties 
Guide: Contains common single-point 
properties by resin family and grade.  

Plastics Product Information  
Bulletin: Contains datasheet properties 
and molding recommendations for a 
specific grade.  
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Covestro CAMPUS:  Software 
containing single and multi-point 
data that was generated according to 
uniform standards. Campus allows 
you to search for our grades of 
resins that meet a particular set of 
performance requirements.  

www.plastics.covestro.com: 
Covestro website containing product 
information, processing guidelines, 
joining information, and part/mold design 
recommendations online.  
 
This manual provides general information 
and guidelines. Because each product 
application is different, always conduct a 
thorough engineering analysis of your 
design, and prototype test new designs 
under actual in-use conditions. Apply 
appropriate safety factors, especially in 
applications in which failure could cause 
harm or injury.  

In addition to design manuals, Covestro 
provides design assistance in other 
forms such as seminars and technical 
publications. We also offer a range 
of design engineering services to our 
qualified customers. Contact your 
Covestro sales representative for more 
information on these other services. 
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Figure 1-1Injection Molding
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Extrusion Figure 1-2
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RotomoldingFigure 1-5
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Molded-In IllustrationsFigure 1-7
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  Chapter 2  

    GENERAL DESIGN continued  

39  

For best performance, use threads 
designed specifically for plastics. Parts 
that do not have to mate with standard 
metal threads can have unique threads 
that meet the specific application and 
material requirements. The medical 
industry widely uses Luer-Lock fittings 
for water-tight connections. These 
fittings have threads well suited for 
plastics and have a conical-fit feature to 
provide sealing. The angles in the 
conical-fit area must properly match to 
avoid narrow contact areas which can 
lead to sticking and disassembly 
problems (see figure 2-37). Thread 
designs can also be simplified for ease 
of molding as shown in figure 2-38. 
Both designs shown can be molded 
without unscrewing mechanisms.  

Internal
External

Molded Threads

Examples of thread designs that were modified for ease of molding.

Figure 2-38

InternalInternal
ExternalExternal

Molded Threads

Examples of thread designs that were modified for ease of molding.

Figure 2-38

Luer-Lock Connectors Figure 2-37

Angle mismatch in the conical-fit area can lead to a narrow band of contact and potential sticking problems.  

narrow contact
broad contact

CorrectIncorrectIncorrect

Luer-Lock Connectors Figure 2-37

Angle mismatch in the conical-fit area can lead to a narrow band of contact and potential sticking problems.  

narrow contact
broad contact

CorrectIncorrectIncorrect
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Figure 2-39 Lettering
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STRUCTURAL DESIGN

STRUCTURAL
CONSIDERATIONS
IN PLASTICS

This chapter assumes the reader has 
a working knowledge of mechanical
engineering and part design, and 
therefore focuses primarily upon those
aspects of structural design that are
unique or particularly relevant to 
plastics. Two main goals of this chapter
are to show how to use published data
to address the unusual behavior of 
plastics in part design, and to show how
to take advantage of the design freedom
afforded by molding processes to meet
your structural requirements.

Covestro

Material Selection: Thermoplastics 
and Polyurethanes
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The injection-molding process 
introduces stresses and orientations that 
affect the mechanical performance of 
plastic parts. The standard test bars used 
to determine most mechanical properties 
have low levels of molding stress. The 
high molding stresses in an actual part 
may reduce certain mechanical 
properties, such as the amount of 
applied stress the part can endure.  

Always add reasonable safety factors 
and test prototype parts before actual 
production.  

In glass-filled resins, fiber orientation 
also affects mechanical performance: 
fatigue strength for a fiber-filled resin is 
often many times greater when the 
fibers are aligned lengthwise, rather than 
perpendicular to the fatigue load. Stress-
strain performance in the direction of 
fiber orientation can also differ greatly 
from the performance in the direction 
perpendicular to the fibers. Figure 3-5 
shows stress versus strain performance 

Unless otherwise stated, most mechanical 
properties derive from end-gated test  
bars that exhibit a high degree of orien-
tation in the direction of the applied test 
load.  Mechanical calculations based  
on this kind of data may over-predict 
material stiffness and performance in  

 50  

in the direction parallel to fiber 
orientation  and perpendicular to fiber 
orientation for a 35%  glass-fiber filled 
Makrolon PC material.  
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This graph shows the stress-strain behavior at room temperature for 35% glass-fiber filled Makrolon 8345 PC. The parallel 
curve is appropriate when there is high fiber orientation and mechanical loads act to stretch or flex the plastic in the direction 
of orientation. The perpendicular curve applies to deformations 

 

30 

0.33 

Molding Factors 



continued

Covestro

www.plastics.covestro
Covestro 

Covestro 

Covestro

Tensile Properties

σ

ε



Tensile Modulus Tensile Stress at Yield

Tensile Stress at Break



continued

Flexural Modulus

Ultimate Strength

Poisson’s Ratio

Compressive Properties

Coefficient of Friction



creep

stress relaxation

8

8



continued
σ

ε
° °

° °



Fatigue Properties

Stress Relaxation

σ

ε
° °

° °



continued
±σ

α 

ε

°



ν

Use of Moduli



continued

Stress and Strain Limits

ε

Covestro

σ / ε

σ



ε σ

σ

Uniaxial Tensile and Compressive Stress

Δ
Δ

Δ

Δ



continued

σ
Bending and Flexural Stress

σ

σ

σ



π ππ

b

h

d

b

h

t
s

s
h d

t

b

dt

b

s

h

dt

b

s

h

d

b

h

t

s

dodi

di = 0



continued

σ

PL/2

L

w

L

L

a P b

xm

L

L/2 P

L

w

L

P

L

w



σ

δ



continued

Shear Stress

τ

δ

ν

σ

δ
σ

δ ν−ν

σ
ν

π

τ 

τ



γ

τ

π

ϕ γ

γ ≈ ν ε

Torsion

σ

ϕ

≈
ν

ϕ

τ

γ

σ ≈ τ

τ

π

ϕ

≈ ν
≈
≈



STRUCTURAL DESIGN continued
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Part ShapeDESIGNING FOR STIFFNESS

Figure 3-17

D/t =
 100

Crown Height vs. Stiffness

D/t =
 75

D/t = 50

D/t = 25
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DESIGNING FOR IMPACT
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Bayblend (10%)     PC/ABS              1.5%

Bayblend (20%)     PC/ABS              1.0%

Bayblend (10%)     PC/SAN              2.0%

Bayblend (20%)     PC/SAN              1.5%

Bayblend (30%)     PC/SAN              1.0%

Makroblend (10%) PC/blend            2.5%

Makroblend (20%) PC/blend            2.5%

Makrolon (30%)     PC                      1.0%

Makrolon (10%)     PC                      2.0%

Makrolon (20%)     PC                      1.5%



continued

Covestro
Covestro  Plastics
manual 





continued

Ultrasonic Welding

our
plastics.covestro

Covestro

°



Vibration and Hot-Plate Welding
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Adding a generous amount of mold 
draft also helps ejection. Draft refers to 
the slight angle or taper added to part 
features to ease part ejection. 
Makrolon® PC, Bayblend® PC/ABS 
and Makroblend PC/PET materials 
require at least 1° of draft for easy 
ejection. Apec high heat PC resins eject 
best with 3° or more. Texin and 
Desmopan TPU resins require at least 
5° of draft plus a 0.5-0.6 μm surface 
roughness. See the section on draft in 
Chapter 2 for additional information.  

Materials with internal mold release 
can reduce the required ejection force 
and alleviate some ejection problems. 
Spray mold releases, though often 
effective as a short-term fix, can 
lengthen the molding cycle and lead to 
cosmetic problems. If planning to use a 
spray mold release, make sure it is  

chemically compatible with your resin. 
Consider TFE impregnated chrome or 
nickel coatings as long lasting 
alternatives to spray mold releases. 
 
Ejection difficulties can arise if a 
vacuum forms between the part and 
mold during ejection. Typically, this 
difficulty develops in deeply cored, 
closed-bottom parts. Off-the-shelf mold 
components such as air-poppet valves 
(see figure 7-13) can alleviate the 
problems. Air-poppet valves relieve the 
vacuum and deliver pressurized air 
between the part and mold surface 
during ejection.  

Core shift and mold flexure can pinch 
part surfaces, hindering ejection. To 
prevent this problem, add support to 
the mold or core, or change the filling 
pattern to balance the injection forces. 

MOLD VENTING  

As molten plastic enters the mold, it 
quickly displaces air in the tightly 
sealed mold. Although some air escapes 
through the parting line or loose-fitting 
ejectors or slides, most molds need 
strategically placed vents for rapid and 
complete air removal. This section 
discusses vent design and placement.  

 
Parting-Line Vents  

As a first choice, place vents along the 
mold parting line. Typically easy to cut 
and keep clear of material, vents in the 
parting line provide a direct pathway for 
air escaping the mold.  

          130 

Air-Poppet Valve Figure 7-13

Air-poppet at top of core relieves the vacuum generated during demolding.

Air-Poppet Valve Figure 7-13

Air-poppet at top of core relieves the vacuum generated during demolding.

Vent Land0.15 in
0.30 in

Vent Depth 
0.0010 – 0.0020 in

Vent Channel > 
0.04 in

For applications requiring minimal flash, 
reduce maximum vent depth 0.0005 in.

Vent Depth Figure 7-14

Typical vent depth for

_

Vent Land0.15 in
0.30 in

Vent Depth 
0.0010 – 0.0020 in

Vent Channel > 
0.04 in

For applications requiring minimal flash, 
reduce maximum vent depth 0.0005 in.

Vent Depth Figure 7-14

Typical vent depth for Covestro PC, PC blends and TPUs.
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Chapter 7  

MOLD DESIGN continued  

Figure 7-14 shows standard parting-line 
vent guidelines for Covestro thermoplastic 
resins. To prevent material from flowing 
into the vent during filling, the depth of 
the first 0.150 inch to 0.300 inch of vent 
length must be small, typically less than 
0.0020 inch for amorphous resins and 
less than 0.0015 inch for semi-
crystalline resins. Your resin selection 
and processing conditions determine the 
vent’s maximum depth. The ranges 
given in figure 7-14 apply to typical 
molding conditions. Other rules of 
thumb for venting include:  

 Add more vents or widen existing      
ones to increase venting; and  

 To avoid flash, do not increase vent   
depth beyond the guidelines.  

For the vast majority of resins and part 
geometries, more vents are better. The 
few exceptions are resins with 
components — certain flame retardants 
or problematic additives — that can boil 
to the surface at the flow front and 
deposit on the mold surface and vents. 
These resins rely on pressurized air in 
front of the flow front to hold volatiles 
in the material. Over-venting can 
prevent the flow front from generating 
the required pressure.  

The recommendation to add vents 
sparingly will be specified on the Covestro  
Product Information Bulletin for these 
material grades.  

Vent Placement  

Vents should be placed at various 
locations along the runner system and 
part perimeter, but they are especially 
needed at the last areas of the mold 
cavity to fill (see figure 7-15). Typically 
these areas are farthest from the gate and 
are easily identified. When the last areas
to fill is not vented, air may become  
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 The amount of venting needed 
increases with part volume and 
filling speed;  

Gate

Vent

Vent Placement Figure 7-15

Parting-line vents were positioned along the perimeter of the cavity. 
Extra vents were provided in the corners because they fill last.

Ejector-Pin Vent with Flats Figure 7-16a

Ejector pin in forward position to show flats added for venting.

0.002 in

Gate

Vent

Vent Placement Figure 7-15

Parting-line vents were positioned along the perimeter of the cavity. 
Extra vents were provided in the corners because they fill last.

Gate

Vent

Gate

Vent

Gate

Vent

Vent Placement Figure 7-15

Parting-line vents were positioned along the perimeter of the cavity. 
Extra vents were provided in the corners because they fill last.

Ejector-Pin Vent with Flats Figure 7-16a

Ejector pin in forward position to show flats added for venting.

0.002 in

Ejector-Pin Vent with Flats Figure 7-16a

Ejector pin in forward position to show flats added for venting.

0.002 in

 



 

 

trapped in the mold, preventing 
complete filling of the cavity and 
causing a gas burn on the part. The 
trapped air is super heated during 
compression and in severe cases can pit 
or erode the mold steel.  

inserts can also provide venting for 
difficult air-trap areas but may require 
periodic cleaning.  

•  Round or angle the ends of standing 
ribs to prevent air entrapment (see 
figure 2-21 in Chapter 2).  

When feasible, move gates or vary  
part thickness to change the filling 
pattern and direct air to parting-line 
vents. If air-trap areas persist, consider 
using ejector pins modified with flats or 
steps for venting (see figures 7-16a and 
7-16b). Ejector-pin vents usually self 
clean with each ejection stroke. Air-trap 
areas not accessible by ejector-pin vents 
may require vents placed along mold 
inserts or splits in the mold. This type  
of vent usually requires periodic 
disassembly for cleaning. Porous metal  
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Part features produced by blind holes in 
the mold, such as posts and bosses, 
require venting at the last area to fill, 
usually the tip or end. Bosses can usual-
ly vent along the core insert forming the 
inside diameter of the boss. Posts usual-
ly require ejector-pin vents at the tip of 
the post. Other venting issues you 
should address:  

Air trapped in unvented pockets or 
recesses in the mold can exit these areas 
behind the flow front and lead to splay 
or teardrop-shaped surface defects.  

Severe weld lines often form where flow 
streams meet head on, especially at the 
end of fill. You can often improve the 
strength and appearance of these weld 
lines by installing overflow wells (see 
figure 7-17). Overflow wells are 
modified vent features that provide an 
extra-deep vent channel, usually about 
one-third the part thickness, that emp- 

•  Direct mold filling along the length 
of ribs so gasses can escape at the 
ends; and  

Stepped Ejector-Pin Vent Figure 7-16b

Ejector in forward position showing step added for venting.

0.002 in
Overflow Well Figure 7-17

Overflow wells can improve the strength and appearance of weld lines.

Gate

Weld Line

Overflow Well

Stepped Ejector-Pin Vent Figure 7-16b

Ejector in forward position showing step added for venting.

0.002 in

Stepped Ejector-Pin Vent Figure 7-16b

Ejector in forward position showing step added for venting.

0.002 in
Overflow Well Figure 7-17

Overflow wells can improve the strength and appearance of weld lines.

Gate

Weld Line

Overflow Well

Overflow Well Figure 7-17

Overflow wells can improve the strength and appearance of weld lines.

Gate

Weld Line

Overflow Well
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Sprues



Features with undercuts, called sprue 
pullers, are added to the base of sprues 
to hold them on the moving side of the 
mold during mold opening. This breaks 
the connection at the press nozzle tip, 
pulls the sprue from the stationary side 
and allows the sprue to be ejected via 
the mold ejector system.  Figure 7-19b 
shows some common designs.  

Standard sprue taper, typically one-half 
inch per foot, leads to large base 
diameters in long sprues. For example, a 
6-inch sprue with a 7/32-inch orifice 
diameter will be about  0.5-inch in 
diameter at the base. This can lengthen 
cooling and cycle times and also lead to 
regrind problems.  

One solution to this problem, a hot 
sprue bushing, has a heated flow 
channel that keeps the material molten 
for all or most of the sprue length. Hot 
sprue bushings can feed into short 
"mini-sprues" or gate directly into a 
runner or part. Some molds rely on 
extra long press nozzles that reach 
deeply into the mold to reduce sprue 
length.  
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 Large parts and/or parts needing fast 
filling speeds require large sprue 
orifice diameters to avoid problems 
associated with excessive flow 
shear.  

 As a general rule, amorphous resins 
such as Makrolon PC, Apec high 
heat PC, Bayblend PC/ABS and 
Makroblend PC/polyester require 
larger sprues and runners than do 
semicrystalline resins.  

Figure 7-19a shows typical sprue sizes 
for Covestro resins as a function of shot 
size and filling time. Because the 
maximum shear rate in a sprue occurs 
at the orifice and the majority of shear 
heating and pressure loss takes place 
in the first two inches, these guidelines 
should apply to sprues of various 
lengths. Part geometry influences 
filling time to some extent. For 
example, parts with a mix of thick and 
 thin features may need a fast filling 

speed to prevent premature cooling of 
the thin features. Other geometries may 
require slower filling speeds to prevent 
problems such as cosmetic defects or 
excessive clamp tonnage requirements. 

Sprue-size (small-
end diameter) 
recommendations 
as a function of 
shot volume and 
fill time.  
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Sprue Pullers

Sprue pullers provide an undercut to pull the sprue to the moving side of the mold for ejection.

Figure 7-19b

5°undercut

Tapered Ring “Z” Puller

ejector 
pin

rounded 
undercut

Sprue Pullers

Sprue pullers provide an undercut to pull the sprue to the moving side of the mold for ejection.

Figure 7-19b

5°undercut

Tapered Ring “Z” Puller

ejector 
pin

rounded 
undercut



  
 

 

Chapter 7  

MOLD DESIGN continued  

Unlike sprues, which deliver material 
depthwise through the center of the 
mold plates, runners typically 
transport material through channels 
machined onto the mold face. 
Runner design influences part quality 
and molding efficiency. Overly thick 
runners can lengthen cycle time 
needlessly and increase costs 
associated with regrind. Conversely, 
thin runners can cause excessive 
filling pressures and related 
processing problems. The optimum 
runner design requires a balance 
between ease of filling, mold design 
feasibility, and runner volume.  
 

The runner system often accounts for 
more than 40% of the pressure required 
to fill the mold. Because much of this 
pressure drop can be attributed to runner 
length, optimize the route to each gate 
to minimize runner length. For example, 
replace cornered paths with diagonals or 
reorient the cavity to shorten the runner. 

Runner thickness has a direct effect on 
filling pressure, cycle time, packing, and 
runner volume. The optimum runner 
diameter depends on a variety of factors 
including part volume,  part thickness, 
filling speed and pressure, runner 
length, and material viscosity.  

 For sufficient packing, make runners at 
least as thick as the part nominal wall 
thickness. 

 Increase runner thickness for long 
runners and runners subjected to high 
volumetric flow rates.  

 Amorphous resins typically require 
larger runners than semicrystalline 
resins.  

Material passing through the runner 
during mold filling forms a frozen wall 
layer as the mold steel draws heat from 
the melt. This layer restricts the flow 
channel and increases the pressure drop 
through the runner. Round cross-section 
runners minimize contact with the mold 
surface and generate the smallest per-
centage of frozen layer cross-sectional 
area. As runner designs deviate from 
round, they become less efficient (see 
figure 7-20).  
 
 
Round runners require machining in 
both halves of the mold, increasing the 
potential for mismatch and flow 
restriction. A good alternative, the 
“round-bottomed” trapezoid, requires 
machining in just one mold half. 
Essentially a round cross section with 
sides tapered by five degrees for 
ejection, this design is nearly as 
efficient as the full-round design.  
 

135  

Runners 

Good *Better Best Poor Poor Poor

*“Round-Bottomed” Trapezoid

Runner Cross Sections

Full round runners provide the most efficient flow.

Figure 7-20

Good *Better Best Poor Poor Poor

*“Round-Bottomed” Trapezoid

Runner Cross Sections

Full round runners provide the most efficient flow.

Figure 7-20
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Valve Gates
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Mold-Cooling Considerations
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Cooling-Channel Placement





continued



Cooling-Line Configuration
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The manner in which you use and the purpose to which you put and utilize our products, technical assistance and 
information (whether verbal, written or by way of production evaluations), including any suggested formulations and 
recommendations, are beyond our control. Therefore, it is imperative that you test our products, technical 
assistance, information and recommendations to determine to your own satisfaction whether our products, 
technical assistance and information are suitable for your intended uses and applications. This application-specific 
analysis must at least include testing to determine suitability from a technical as well as health, safety, and 
environmental standpoint. Such testing has not necessarily been done by Covestro.  
 
Unless we otherwise agree in writing, all products are sold strictly pursuant to the terms of our standard conditions 
of sale which are available upon request. All information and technical assistance is given without warranty or 
guarantee and is subject to change without notice. It is expressly understood and agreed that you assume and 
hereby expressly release us from all liability, in tort, contract or otherwise, incurred in connection with the use of our 
products, technical assistance, and information. Any statement or recommendation not contained herein is 
unauthorized and shall not bind us. Nothing herein shall be construed as a recommendation to use any product in 
conflict with any claim of any patent relative to any material or its use. No license is implied or in fact granted under 
the claims of any patent.

Covestro LLC
1 Covestro Circle
Pittsburgh, PA 15205

1-800-662-2927
plastics@covestro.com
www.plastics.covestro.com
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