Contents
Preface ...... ..o Vv
Foreword . ...... ... .. . . e VII
The Authors . ... ... IX
Glossary of Abbreviations .............. ... . ... il XI
Introduction ........ ... . e XIX

1 Importance of Foam Injection Molding for Industrial

Lightweight Design .......... ... . ... i, 1
2 Foam Injection Molding and Its Different
ProcessVariants .............. ... . it 9
2.1  Chemical versus Physical Blowing Agents ..................ccooove... 10
2.1.1 Chemical Blowing Agents ............c.oiiiiiiiiiiiiininen... 10
2.1.2 Physical BIOWINg Agents ...........ouiiiiiiiiiiiinininnen... 14
2.2 PrOCESSES .. e 15
2.21 Low-Pressure Injection Molding Process ....................... 15
2.2.2 High-Pressure PrOCeSS ... .....c.uuiiuiiiiiiiiieiiiieiinee... 16
2.2.3  Multi-Component Foam Molding (Sandwich Molding) ........... 17
2.24 Foaming with Physical Blowing Agents ........................ 19

2.2.4.1 Introduction of the Blowing Fluid in the Area
oftheScrew ... i 19

2.2.4.2 Injection of the Blowing Fluid via an Auxiliary Unit ..... 20



X1V

3.1

3.2

3.3

34

3.5

Contents
2.2.4.3 Injection of the Blowing Fluid via an Injection Nozzle ... 22
2.2.4.4 Injection of the Blowing Fluid via the Screw ............ 22
2.2.4.5 Introducing the Blowing Fluid into the Sprue System
of the Injection Mold ............ ..., 23
2.2.4.6 Introduction of the Blowing Fluid in the Area
ofthe HOPPeT . ..ot 24
2.2.4.77 Pre-Loading Processes ...........c.ceeeeieeeeennnnnnnn. 25
Definition and Characteristics of Physical
Foam Injection Molding ............ ... ... ... ... ... ... 31
Properties of TSG Structural Foams . .........coiieenennnnnnnnn. 32
3.1.1 Weight Reduction ...t 33
31.2 SINKMarks .. ..ooiii 33
313 Part Warpage ..ot 34
3.1.4 Shrinkage Behavior ... 35
3.1.5 Mechanical Properties .............cooiiiiiiiiiiiiiiiia... 35
3.1.6 Insulation Behavior against Temperature Gradients ............ 36
3.1.7 Insulation Behavior againstSound ............................ 37
3.1.8  DegasSiNg .....viiiiii 38
319 SUITaCes ..ot e 38
Manufacturing Process of Structural Foams ........................... 39
3.2.1 Mass Transfer and Mixing of the Blowing Agent
inthe Matrix Polymer ......... ..o 40
3.2.2 Loading and Compounding of the Single-Phase Mixture
in the Plasticizing Unit ...........oo ittt 42
3.2.3 Foaming and Fixing of the Component in the Mold Cavity ....... 43
Correlation of the Morphology of the Component Structure
with the Process Parameters ............ooiiiiiiiiiiiiiiniinnnn.. 44
Influence of Process Parameters on Component Properties ............. 45
3.4.1 Influence of the Melt Temperature ..............ccovveeeeeen... 45
3.4.2 Influence of the Injection Speed ............ooiiiiiiieeenn... 46
3.4.3 Influence of the Mold Temperature .............ccovvveeeeen... 47
3.4.4 Influence of Underdosing in Case of Partial Filling
Of the Cavity ..ottt e 48
Measures to Improve the Surface Finish ............. ... .. ... .. ... 48
3.5.1 Technologies for Mold Temperature Control ................... 49



Contents

3.5.2 ToOlNG CONCEPLS . .utttettiieee et ieiiiaaae e 52

3.5.3 Surface Coatings of the Cavities ..............ccoiiiiiieen... 53

3.54 Sandwich Foam Injection Molding ................... ... ..... 54

4 Design Guidelines for Foamed Components ................ 57

4.1 Weight Reduction by Foaming .......... ... ..., 57

4.2 Basic Design Optimization . ..........oietueiiiinne et iiiiiineneeeann 60

4.3  Wall ThiCKNesSs . ... e e 61

4.4  Outlook for Component Design .........c.ovviiiiiiiiiiiinneeenn.. 62

4.5 Hints for the Mold DeSign ...........ouiiiiiiiiiniiiiiiiiiiieeennn. 67

4.5.1 Venting Recommendations ................oviiiiurinnnneennnn 67

4.5.2 Design of Sprue Rod and Manifold .....................o.an. 68

4.5.3 HotRunner Systems .............couiiiiniiiiiiniiinnnennnnnn 70

4.54 Mold Temperature Control ...............coiiiiiiiiiinneenn. 71

4.6 Filling ANalysis .. ...ttt e e 71

4.7 Design Guidelines for Foam Injection Molding ......................... 72
4.7.1 Three-Phase Model in the Practical Implementation of

Design for TSG COMPONENtS .. .uuvvvvveeeeeeeeennnnnnnnnnnnns 77

4.7.2 “Design for Function”—APlea .............ccoiiiiiiiiiiian, 81

5 Process Simulation ............ .. ... il 83

5.1  SOftware SYSTeIMS . ...ttt e 83

5.2 Simulation of Viscosity Reduction / Cell Nucleation and Cell Growth . .... 84

5.2.1 Viscosity ReducCtion ...........ccoviiiiiiiiiiiiiiiiiiiiieen.. 84

5.2.2 Cell Nucleation and Cell Growth ............... ..., 86

5.3  Meshing /Model Layout . .........uuueiiteeinennnniiiiiiiiiiieeenn. 93

5.4 Define Process Parameters for Simulation ............................ 96

5.5 Results and Interpretation ........... ...t 99

6 Polymers for Foam Injection Molding ...................... 111

6.1 INIrodUCtiON . .....ciiiiii e e 111

6.2 TeStSPECIMEIL ...ttt ittt ittt ettt et 112

6.3 Influence of the Integral Foam Structure on the Characteristic Values ... 113

6.4 Specific Modification of the Properties of the Foam Polymers ........... 116

6.5  POLYINEIS . . oottt ettt et e 117

6.6  Polypropylene (PP) . ... ... e 120

6.7 Polyamides (PA) . ..o e e 120



XVI

6.8
6.9
6.10

7.1
7.2
7.3
7.4
7.5
7.6

8.2

Contents

Polyoxymethylene (POM) . ...ttt et ees 120
Polycarbonate (PC) ......ovtiiii ettt e 121
Nucleating Agents ......couiuniiit ettt 121
6.10.1 OrganiCFillers...........ouiiiiiiii i 122
6.10.2 InorganiC Fillers ..........cooiimiinii i 122
6.10.3 FIDEIS ..ottt e e 122
Engineering Fundamentals of the Foam Injection
Molding Machine ......... ... ... . . 123
INtroduCtion . .........eittt e 123
Clamping UNit ... ..ottt et e 124
Injection and Plasticizing Unit .............coiiiiiiiieeennnnnnnn.. 127
Special EQUIPIMENt . ... ovvtt ittt e 134
Gas DOSING StatiON ... .ovvtttt ittt et 137
The Ideal Foam Injection Molding Machine ........................... 139
Mold Design for Foam Injection Molding ................... 141
TOOLNG BASICS et 141
811 GatiNg ..ottt e 141

8.1.1.1 Process Analysis at the GatingArea .................... 142

8.1.1.2 Process Analysis behind the Gating Area ............... 143
8.1.2 FilliNg PrOCESS .« vttt ettt e 143
8.1.3  VeNUNg ...ttt e 144
8.14 Mold Temperature COontrol ..............ccoeuiuriinnneerennnn. 144
8.1.5 EJECHON ...ttt e 146
8.1.6 MONITOTING . . oo vttt e 146
8.1.7 Mold Surfaceand Coating .............coiiiiiiiiiinneenn... 146
8.1.8 Mold and Influence oftheMelt..............ccooiiiiiiio... 147
TSG Processes — Application and Mold Design ......................... 147
8.2.1 Low-Pressure TSG ........ ...t 148
8.2.2 High-Pressure TSG with Opening Stroke ....................... 148
8.2.3 Application Example 1: Soft-Touch Surfaces with

High-Pressure TSG .......coiiiiiiiiiiiiiiiiiii i 150
8.2.4 Application Example 2: High-Pressure TSG for

Flat Visible Components ...........ooiuiiiiieieennnnnnn.. 153

8.2.5 Application Example 3: Low-Pressure TSG...................... 154



Contents XVII

9  Application Examples from the Automotive Sector .......... 155
9.1  INtrodUCtiON.........ciiinnitii i i 155
9.2 LOCKHOUSING .. ..ottt e 158
9.3  DOoOrSill. ... 160
9.4 Headlight HOUSING ...ttt i 161
9.5 RearSpoilerLower Shell.......... ... i 162
9.6 Exterior Mirror Holder .......... .. o i 163
9.7 Handle Trim IML. ... it 164
9.8 InstrumentPanel Carrier .............uuuuitiiiteetennenennnnnnnnnn. 166
9.9 Door TrimPanel and Map Case. .. ......ururititteeeennnnnnnnnnnnnnn 170
9.10 Handle Lever for Steering Column Adjustment ........................ 171
0.11 StOP DaIMPeT. . oottt e 174

10 Application Examples from the Field of

ElectronicComponents ..............coiiiiiiiiiiineinnnnnn 177
11 Application Examples from the Household Sector ........... 183
11.1 Economic Consideration of Foamed Thermoplastic Components. ........ 183
11.2 Floor Group White GoOdS . . ... oiii ittt e ees 187
11.3 Base Plate for POWer TOOIS ... ..ottt 189
11.4 Irrigation Valve . .. ..o e e 190
11.5 Running Shoe Sole. ... e 191
12  Applications Examples from the Packaging Sector. .......... 193
12.1 Margarine Tub. ... 195
12.2 200 ml Yogurt Cup and 900 mICup........ovvuviiiiinieiiiieinnn.. 197
12.3 Recommendations for the Use of Foaming Processes in

Thin-Wall Packaging. .........cccouiiiiiniiiiiiiiiiiiiiiei e, 199
12,4 Pallets. ..ot 200

13  Application Examples from the Field of
Medical Technology........ ... ... . .. i i, 205

14 OUtloOoK . ... e 209



