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How to Use the Book

The basis of the descriptions in this book are the thermoplastic molds. Divergent processes for thermoset
or elastomer molds are explained at the end of the respective chapter.

In the subsequent table of contents, colored squares indicate whether the areas of thermoset and elastomers
are identical, not identical, or not available at all for the thermoplastics. These markings are also continued
in each section of the text, where the upper square represents the elastomers and the lower square repre-
sents the thermosets.

In the coloring of the principle figure, the following recurring colors were used:

red = Injection molded part
yellow = Second component in multi-component parts
orange = Explained component of one chapter

Elastomer or thermoset molds are identical
B Elastomer or thermoset molds are not identical and are further described
Topic area for elastomer or thermoset molds is not available






Table of Contents

HowtoUsethe BoOK........coiiiiiiiiiiiii it ittt iniineannnens \
PrEfaCE . ...t Xm s §
1 BasicMold DesSign ...............ooooiiiiim i, 1 = £
1.1 Assemblies of an Injection Mold . ........ ..o i 1
1.1.1  Phases 0f DeSign .. ..o vt 2
1.1.2  Stability of Thermosets Molds . ... ....outirrii e e 3 H R
1.1.3  Wear in Thermoset MOIdS . ... .......cuuiutrentaii e 3 H N
1.2 NOZZIE ST . o oot 4 H N
1.2.1 Sprue Bushing. . ... i 5
1.2.2 DeCOMPIESSION . .ottt ettt et et e e e e et 6
1.2.3  Strainer NOZzZIES .. ..ot e e e 7
1.2.4 Nozzle Side of Thermoset Materials ... ............ouuiiieniineenn.... s H N
1.2.5 Nozzle Side of Elastomer MoldS . .............ouiiueiuiiiiianaann.. s H N
1.3 EJeCtOr Side. ..ottt o H 1
1.3.1 EJECTOr DEVICE ..ottt ettt e e e e e e i B
1.3.1.1 Ejector Set with Ejector Pins. ........ ... ... . ... ... ... . ... 10
1.3.1.2 StripperPlate . ...... ... 10
1.3.1.3  Mushroom Ejector . .......... i 11
1.3.14  AIr Ejector. . ..o 11
1.3.1.5 Ejector System for Thermoset Molds ..............c.ccouivueenn... 12 W N
1.3.1.6 Ejector System for Elastomer Molds. .. ...........coovvuiuneenn .. 12 W N
1.3.2 Draft ANgles ...t 13
1.3.3 Ejector Coupling .. ....ovintiii e e 14
1.4 Buoyancy Forces inthe Mold ......... .. .. it 15
1.5 Mold Protection .. ...t e 16
1.5.1 Light Barrier/Failure Scale. . ........ ... .. i, 16
1.5.2 Infrared Mold Protection .......... ... i 16
1.5.3  ViSION SyStemIS. « vttt e 17
1.6 Mold Cavity Pressure/Mold Filling Control ......... ... .. i, 18
1.7 Simulation of the Filling Process (Mold Flow Analysis) ............... ... .o ... 19
1.8 Demolding FOTCE . .. ..ot e e e e e 20
1.9 Ventilation ... ... 21
1.9.1  Ventilation by Displacement ............ ... oottt 21

1.9.2  Ventilation by Vacuum . . ....... ...t e 22



VIIl Table of Contents

1.10 Support Bars, Support Plates, and SupportRollers . .......... ... ... ... ... ... ... 23
1.11 Mold Clamping Plate and Centering Ring ............ ... ... .. ... 24
1.11.1 Mold Clamping Plate ...........i ittt i 24
1.11.2 Centering RiNg. .. ..ot e e e e e 24
112 Core PULIETS « . .o e 25
1.13 Mold Structure in Elastomer Processing . ............c..ouiiuiiiiinniaiennnnn.. 26 W M
2 Types of Demolding in Two-PlatenMolds .............................. 27
2.1 Molded Parts without Undercuts. ........ ...t 27
2.2 Molded Parts with Undercuts. . ........ . e 28
2.2.1  ElaStic SIripPINg . .o vttt e e e 28
2.2.2 Demolding through Sliders ........ ... i 29
2.2.3 Demolding with Jaws (Split Molds) .. ......oviui i 30
2.2.4 Collapsible COTES. . .o v vttt ettt e e e e e e e 31
2.3 Molded Parts with Internal and External Threads ................ . ... ... .. .... 32
2.3.1 Internal Thread .. ....... oot e e e ettt 32
2.3.2 External Thread .......... ... et e 32
2.3.3 Unscrewing DeviCe . .. ... ...t e e e 32
2.3.3.1 Types of UNSCTeWING . . .. oottt ettt e e e e 33
2.3.3.1.1 Unscrewing when the MoldisClosed .......................... 33
2.3.3.1.2  Unscrewing for an Attached Stripper Plate ..................... 33
2.3.3.1.3 Unscrewing during Upward Motion .............. ... ... ... .... 34
2.3.3.1.4 Unscrewing the Stripper Plate with Spring Force ................ 34
2.4 Molded Parts with Threads, Forcibly Demolded. . .............. ... ... ... ... ...... 35
2.5 UNSCTEWING GEATS .« v vt ettt e ettt e et e e e e et e et e e e e et 36
Gate and Sprue Technology .......... .. ... ... i, 37
3.1 DiStribution SYStEIMS. . . ...\ttt et et e 37 MW
3.1.1 Distribution System with Demolded Molded Part . ......................... 38
0 I 8 010 I 0T 38 W MW
3.1.1.2 Three-Platen Distributor ........... .. i 39
3.1.2 Distribution System, Remaining in the Mold ............................. 40
3.1.2.1 Insulating Runner . ...... ... o i 40
3.1.2.2 HOtRUNNET. .. ... e 41
3.1.2.2.1 Advantagesof aHotRunner............ ... ... .. iiiiiiiiaan.. 41
3.1.2.2.2 Hot Runner, Internally Heated ................ ... ... ... ... .... 42
3.1.2.2.3 Hot Runner, Externally Heated ............................... 43
3.1.2.2.4 Multiple Connections. .. ......ouue it 45
3.1.2.2.5 Needle Shut-Off Nozzles . ..., 46
3.1.2.2.6  Hot Mold Halves. . ... ..couui e it e 48
3.2 Gate TEChNOLOZY . . . o .o o ettt e e e e e e 49 W
3.2.1 Solidifying Gate, Remaining on the Molded Part .......................... 50
3.21.1 DirectGate ... ..ot 50
3.21.2 Pinpoint Gate .. ....ovot i 51

3.21.3 Fanand Ring Gate ...... ..ot i 52



3.3

41
4.2
4.3
44
4.5
4.6
4.7
4.8

5.1
5.2

5.3
5.4
5.5
5.6
5.7
5.8

6.2

Table of Contents

3.214 Sprue Gate ... .vi i e 53

3215 FimGate. .. ..o e 54
3.2.2 Automatically Separated Gate ... ...ttt 55

3.221 Tunnel Gate . ....oviii i e 55

3.2.2.2 Whip Gate . ..o e 56

3.2.2.3 Hot Edge Gate (Lateral Injection) . .................. ..ot 57

3.2.24 HotRunner Nozzles ........ ... 58
Distribution System for Thermosets and Elastomers. ............... ... ... ... .... 59
3.3.1 Demolding with the Molded Part for Thermosets .......................... 60

3.3.1.1 Cold Runner for Thermosets .............. ... i, 60
3.3.2 Demolding with the Molded Part for Elastomers .......................... 61

3.3.2.1 Cold Runner for Elastomers ........... ... ... iiiiiiiiiiiina.. 61
Standard Parts ........ ... .. .. 63
MOIA DESIZNS . . o e ettt et 63
Mold Guide EIEmMENTS . ... .ot e 64
Demolding Elements ...........o.ini i e e 65
Equipment for Mold Temperature Control .......... ... .. ... ..., 66
Mold Quick-Change SysStems . ... ... ..ottt e 67
Latch CONVEYOTS. . . .ottt e e e e e e e e 68
Hot Plates for Thermosets and Elastomers .. ........... .. ... oo, 69
Brushing Units for Elastomers ............... i 70
Temperature Control ...... ... ... ... ... ... . .. . . 71
Temperature Control Channels . ...t i i i 71
Temperature Distribution . ......... ... it i e 72
5.2.1 Temperature Distribution in Thermosets ........... ... ..., 73
5.2.2 Temperature Distribution in Elastomers ............ .. ... ... .. ... ..... 73
Continuous CoOlING . ..ottt e e e e e et s 74
Segmented Temperature CONtrol .. ............. ittt 75
Dynamic Temperature Control . ........... ..ottt 76
Pulsed CoOling . ...t e e e 77
Core Temperature CONtrol .. .......... ittt 78
Temperature Measurement . ... ....... ..ttt it ea e 79
Special Designs. . ... ... . 81
Stack MOLAS . . .o e 81
6.1.1 Stack Molds in ElaStomers .. ..... ..ot 82
Multi-Component Molds . ... ..ot e e e e e e 83
6.2.1 Slider Technology (Core-Back) ... ...t 84
6.2.2 Transfer Process (Handling Transfer)......... ... ... i, 85
6.2.3 Index Plate . ... oot e 86

6.24 HUD . .. 87

IX




X Table of Contents

6.2.5 Rotary disK. .. ..ot 88
6.2.6  Paternoster . ... ... ...t 89
6.2.7 Cube Technology . ... .ot e e 90
6.2.7.1 Stack Turning Technology .......... .. ... .. 90
6.2.7.2 Double CUDE .. ... e 91
6.2.8 Tandem Mold . ....... ... 92
6.2.9 Multi-Component Molds for Thermosets and Elastomers.................... 3 W MW
6.3 Thin Wall MOLAS . . ...ttt e e e e e e e et e 95
6.4 Insertion Technology . ........ ... . it e 96
6.5 Fluid Injection Technology .. ... ...ttt e 97
6.5.1 Gas Injection (GIT) .. ..ot e e 97
6.5.1.1 Partial Filling . . ... ... 98
6.5.1.2 Secondary Cavity . ...........iiniiiii 98
6.5.1.3 Blow-Back Process ............oiiiiiiiiiiiiii i 99
6.5.1.4 The Core Pull-Back Process ........... ... ... 99
6.5.2 Water Injection (WIT) ... ..ot e e e 100
6.6 Push-Pull Injection MOIAS .. ... ...ttt e 101
6.7 TImplantation Injection Molding . ...t e 102
6.8 In Mold Labeling (IML) ProCess . . ..o vttt et ettt 103
6.9 Cascade Injection Molding Process . ...... ..., 104
6.10 Lost Core TeChNOlOgY . ..ot e e e e e 105
6.11 Material-Dependent Special ProCesSes ... ...ovui it 106
6.11.1 Marbling . ..ottt 106
6.11.2 Micro-Foam Injection Molding (MuCell) .......... ..., 106
6.11.3 Thermoplastic-Foam Casting (TSG) Process ........... ... oo, 106
6.11.4 PVC ProCesSSINg . . oo ittt et e e e e ettt 106
6.11.5 Monosandwich Process . ......... ..., 107
6.11.6 In-Mold Painting .. .........ouii o e 107
6.11.7 In-Mold Welding . . ...t e e 107
6.12 Micro-Injection Molds .. ... ...ttt 108
6.13 Powder Metal/Ceramic Molds .. ........ ...t 109
6.14 Rapid Prototyping . ... ...t 111
6.15 Rotary Table MOLAS . . .. ..ot e e e e e 113
6.16 STliCONE MOLAS . ..ttt e e e e e e 114
6.17 Injection Blow MoIdS . ... ...t 115
6.18 Injection Compression Molds .. ........ ...ttt 116 W
6.18.1 Injection Compression Molds in Elastomers .................. ... ........ 117 M
6.19 Textile Back Injection Technology .. .........oooii i 118

6.20 Workpiece Carrier SYSteM . ... ...ttt 119



Table of Contents  XI

7 Mold Surface Treatment ......... ... .. .. ... .. . . . . . 121
7.1 Common Surface Treatment ProCesses. .. ..ottt 121
7.2 Thermal Treatment . . ... ...ttt ettt ittt 123
7.2.1 Vacuum Hardening ............ouiiniiniiniii ittt 123
7.2.2 Laser Hardening ......... ... .. o i 123
7.2.3 Flame Hardening. . ... ... ... e e 123
7.3 Thermochemical Treatment . ............ . ottt 124
731 Gas NItriding . .. ..o oot 124
7.3.2 Plasma Nitriding . ... ... ..ottt e e 124
7.3.3  Carburization . ............ o 124
7.4 Electrochemical Treatment. ... ... ... o i i 125
74.1 Hard Chrome PlIating . ....... ..ot 125
74.2 Chemical Nickel Plating .. .......oov it i i 125
7.5 Chemical Physical Treatment. . ....... ... i 126
7.5.1 Chemical Vapor Deposition (CVD) Coating ............ccovvivinvinnen... 126
7.5.2 Plasma Assisted Chemical Vapor Deposition (PACVD) Coating .............. 126
7.5.3 Diamond-Like Carbon (DLC) Coating .......... ..., 126
7.5.4 Physical Vapor Deposition (PVD) Coating .......... ... oo, 126
7.6 Mechanical Treatment .. ... ...ttt ittt ettt 127
7.6.1 High Speed Cutting (HSC) Milling. .. .......oooiii e 127
7.60.2  SUTTACE GlOSS .ottt 127
7.6.3 High-Gloss Polishing. . ......... ... i i 128
7.7 Surface Graining . ... ...ttt e e e e e e 129
7.8 Steel SeleCtion . . ...t e 130
7.9 Aluminum MoldS. . . ..ot e 131
8 Machining Processes . ... ... ... i 133
8.1 Sinking Electric Discharge Machining (EDM) ........ . ... ... . i, 133
8.2 Wire EDM .. i 134
8.3 Welding .. ..ot 135
8.3.1 TIG-Welding ... ...t e e 135
8.3.2 MIG-Welding . . ...ttt e e 135
8.3.3 MAG-WeldiNg .. ...ttt e 135
8.3.4 Laser Beam Welding .. ... ... ... e 135
8.4 Punching und Drop-Forging. ......... . i 136
841 Punching ...... ..o e 136
8.4.2 Drop FOrging . ...t 136
8.0 CaStiNg . oot 137

8.6 Galvanized Mold INSEItS .. ... ...t 138



X1l

Table of Contents

9.1
9.2
9.3
9.4

Care, Maintenance,and Storage ........... ... ... ... .. ... .. ... ... 139
MOId CaTe . .« . .o e ettt e e e e e e 139
INSPECHION ..t 140
MaintenanCe .. ... ...ttt ettt e e e e 141
STOTAZE « v v ettt et e e e e e e e e e e e e 142




Preface

This textbook is specifically addressed for a begin-
ner. The content provides the reader with a compre-
hensive and concise description of all the relevant
components of an injection mold in a practical,
easy to understand presentation. The chapters are
designed so that they provide a complete basic
knowledge of injection molds in chronological order
as well as daily guidance and advice. The target
group is not the designer, but the newcomers and
processors in injection molding who can get a quick
and comprehensive explanation of the variety of
injection molds. In the foreground of the description
are thermoplastic molds. In particular, the proce-
dural aspects are highlighted in a compact form
when explaining molds. Divergent processes for
thermoset or elastomer molds are also described at
the end of each chapter.

Particular emphasis is placed on a clear didactic
structure of the book, so that the readers can cap-
ture all the essentials quickly. Deeper knowledge,
as designers and professionals would require in pro-
duction, can be found in other publications.

We are grateful for information from the users
about optimizations of this textbook. At this point
we would like to give a special thanks to the compa-
nies that supported us by providing expert infor-
mation, constructive criticism, and pictures, as well
as all employees of the Carl Hanser Publisher who
were involved in the creation of this book.

Harry Pruner
Wolfgang Nesch






Basic Mold Design

1.1 Assemblies of an Injection Mold

The most important elements of an injection mold, along with the common technical terms, are given in the
introduction to provide a basic understanding of the technology. An injection mold generally consists of two
mold halves: a nozzle side and an ejector side. The cavity inserts, the sprue systems, the cores, the ejector .

elements, and the cooling system are located in the mold halves.

Ejector bolts Centering ring
Clampmg platen Sprue bushing
EJECtO plates Clamping platen
Mold platen

Cooling system
Cavities

Ejector pins _
Intermediate plate Parting plane
Mold platen Guide elements

Cavities Direct gate
Molded part
Manifold

Support bars

Nozzle side

Ejector side

Figure 1.1 Principle of a two-platen mold



1.1.1 Phases of Design

It is important to start with a basic sketch of the
mold to see which mold technology can be used. It is
necessary to determine whether special functions
are needed and if this concept is suitable for a fully
automated production. Then the number of cavities
should be evaluated, because this will affect the
injection molding machine size and the dimensions
of the mold. The next step is the determination of
the plastic material. Is the plastic material easy-
flowing, viscous, or reinforced? Does the mold need
to be cooled or heated? Which sprue system is to be
used?

With this knowledge, the design can begin. First,
a parts drawing in 3D has to be made. Then a deci-

4 "\
Basic Sketch

S J

4 | N\

Mold Technology
Special Functions

Number of Cavities
Dimension of the Mold

Plastic Material

Sprue System
& J

Table 1.1 Information Phase

2 1 Basic Mold Design

sion is made whether the filling simulation (mold
flow analysis) is carried out for this part module. For
a part that is exposed to mechanical stresses, a finite
element analysis (FEA) and a simulation process
may also be necessary.

The big advantage of this approach is that, ex-
cept for the production of the prototypes, all func-
tions are possible with computer-aided design (CAD)
programs. Once this phase is completed, discus-
sions with the customers for the detailed clarifica-
tion of all points are recommended. This is followed
by the release of the design. The mold and the indi-
vidual components are then produced.

4 N
Part Design

& J

4 | N

Filling Simulation

A J
( | \
Computer-aided Design (CAD)

A J
( | \

Alignment with Customer

G J
4 | N
Mold Production
G J

Table 1.2 Design Phase



