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Preface to the 
Second Edition

First of all I would like to thank my readers warmly. The success of this work has 
shown that its creation was a valuable exercise. The extensive feedback I received 
was consistently positive. The English edition, like the German edition, has been 
well received, and it has been a pleasure to see that it has been sold throughout the 
world, including in China and India, where it has been actively used in companies 
and training institutes. The popularity of the book is also the reason why the sec-
ond edition is now available in full color.

Of course I was asked several times how a mold maker came up with the idea to 
write such a book. How does he find the time and where does the comprehensive 
knowledge come from?

The motivation to write a book can be manifold. My motivation was to write a small 
manual for the distribution of machining centers for mold making. The sales de-
partment should understand what mold making is, what it does, which compo-
nents are to be manufactured, and from which materials the individual compo-
nents are made. At first I wanted to use existing documents and publications. But I 
came to realize that there was nothing suitable at this level for beginners or new-
comers. Then the only thing left was to create something of my own.

In order to make the book understandable for everyone, the idea came to me to 
always use the same plastic part as the basic concept. It should be as simple as 
possible and concentrate on the essentials. This gave me the possibility to build up 
the level of difficulty of the plastic part stepwise, and to explain the thereby-arising 
changes simply. That is to say, the central thread throughout the whole book should 
be uncomplicated and understandable. After publication in the processing ma-
chine company, the books were all gone after a few days. Not only the sales depart-
ment, but also other interested parties tried to get hold of one.

So what could have been more obvious than to create a large work from this small 
book? Especially since, as already mentioned, there was nothing comparable on 
the market. At first, time constraints meant that the project ran more and more 
behind schedule. Then a long serious illness brought me the time, which I then 
used. Over 2500 hours of work and about 40 designs, or revisions of designs, had 



VI	 ﻿ Preface to the Second Edition 

to be accomplished. Including all the corrections, this project took considerably 
more than half a year. The result is the present book, which after its success in 
both German and English versions, is now available in a second edition.

Over 40 active years in mold making, more than 23 years of which I worked as an 
independent entrepreneur and now as a project manager, consultant, and instruc-
tor have brought the necessary knowledge and experience. My training began in 
the summer of 1976. I passed through the entire technological change from mill-
ing machines with a handwheel, to NC technology, and then to today’s 5-axis 
simultaneous machining. The first designs were produced with India ink on a 
drawing board, moving on via a simple 2-D CAD program already in 1995 to full 
3-D CAD.

The change over the decades was not only in the technology of the production of 
the injection molds, but also in the necessary shift from a handicraft business to 
an industrial company. Today the customers of the mold maker are almost exclu-
sively industrial companies. Certifications, creation of processes, and Industry 4.0 
are keywords that have occupied the mold making industry in recent years.

This is also the reason why a new section on process chains has been included in 
this second edition. In addition, it has been technically extended and small errors 
that unfortunately crept into the first version have now also been eliminated.

I hope you enjoy reading this book and look forward to your feedback.

Rainer Dangel, February 2020
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Foreword to the First Edition

German die and mold making is a brand with 
global significance. The reasons for this are di-
verse, but the industry’s secrets to success can 
certainly be attributed to smart design with a 
great deal of know-how, top performance pro-
duction engineering and quality related crite-
ria. One major aim of this book is to dissemi-
nate this philosophy to a wider, English-speaking 
readership.

Rapid implementation of innovations through 
close information exchange between all parties 
is planned for the future. Injection molds today 
already play a key role in modern production 
engineering in the manufacturing industry. 
Visions of the future such as the “smart factory” in the context of injection molding 
now offer the chance to raise the energy and resource efficiency of the production 
process to a new level with intelligent management and network flexibility. But the 
basis for this is a solid knowledge of the basics of engineering and manufacturing 
processes in mold making. The above-mentioned topics can only be implemented 
based on this knowledge and wealth of experience. And this is exactly where this 
technical book from Rainer Dangel comes in. What is required for bringing a prod-
uct into shape?

In the book the author didactically as well as technically breaks new ground in the 
field of technical literature for injection mold making. In a very clear way, he com-
bines theory with practice, always focusing on the following questions: “What is 
this product relevant for? What needs to be solved technically for which product 
specifications?” And, regarding the method of the manufacturing implementation: 
“How and with what can I fulfil the product requirement within the scope of the 
design and also the manufacturing process?” Through Mr. Dangel’s technical ex-
pertise which he established and developed over many years, it quickly becomes 
clear when studying the book that the practical implementation of the described 
has great significance. Basic knowledge and solutions are holistically considered. 
Advantages and disadvantages are presented and discussed. The wealth of 35 years 
of experience, beginning with training as a tool maker to the master craftsman’s 
diploma then to owning a private company flows through this technical book.
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“Injection Molds for Beginners”, the title of this book, hits the bull’s eye and old 
hands who think it is no challenge to them might be taught a lesson!

Prof. Dr.-Ing. Thomas Seul

Vice rector for Research and Transfer at the Schmalkalden University of Applied 
Sciences and President of the Association of German Tool and Mold Makers 
(VDWF).



The Author

Rainer Dangel began his professional career 
in mold making with training as a mold maker 
from 1976 to 1980. As a young skilled worker, 
he already realized the possibilities of making 
a difference in this emerging technical profes-
sion. He laid the foundations for his career 
with the master craftsman’s diploma in me-
chanics at the age of 23.

He segued into self employment in 1987. He 
began with a small CNC milling shop for mold 
making components which within a few years 
developed into a modern, technically high-
quality specialist company for manufacturing 
injection molds for various requirements. He 
had already introduced and was using the first 3-D CAD CAM system successfully 
in 1995.

All manufacturing options of modern mold making could now be offered. Rainer 
Dangel made it his duty to actively continue to develop and perfect the manufac-
turing processes. In 2006, the company built their own injection mold making 
shop in order to expand the process chain and be able to supply finished plastic 
components. Through the certification in accordance with DIN EN ISO 9001:2008 
in 2008, his company was able to supply a variety of industries. Among other 
things plastic parts for the automotive industry could be VDA tested and approved 
(VDA = Association of German Automobile Manufacturers, see https://www.vda.
de/en).

In the generally difficult economic year of 2010, the mold making company was 
closed. He was then for several years head of the technology center at the Heller 
brothers machining company in Nürtingen, Germany, where he was responsible 
for the support of the customers in the area of die and mold making.

https://www.vda.de/en
https://www.vda.de/en
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Now back in the mold making arena, Rainer Dangel is currently active in two 
main  areas as both consultant and instructor: Firstly, project management for 
injection molds, from part design via mold design all the way to start of production; 
he is also a machining specialist. The second area is the education and training of 
young people in this industry. He holds a lectureship at Reutlingen University, 
Germany, and supervises mechanical engineering students specializing in plastics 
technology.
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How to Use This Book

In this book the planning, designing, and construction of injection molds is ex-
plained and described. It deals exclusively with injection molds for thermoplastics 
processing.

To simplify matters, the term “injection mold” is also referred to as mold, but has 
the same meaning. The term mold established itself in the specialist world and is 
predominantly used there. Note also that the spelling “mould” is used in British 
English, but again the meaning is the same.

Everything is explained and described concretely and understandably. A plastic 
container with a cover is the basis for almost all explanations. The drawings and 
designs of both of these plastic parts were especially made for this book. The di-
mensions of the designed molds and the technical details are real, so the injection 
molds can be actually built. On the basis of both or one of these parts, as much as 
possible is shown and explained.

There are sample calculations for the planning and dimensioning of injection 
molds. Different functions and elements relevant for the design are explained in 
detail. With the increasing demands on technology in the mold, the two parts be-
come ever more complex so there is always a reference to the previous topics. If the 
part and/or the mold becomes more complex, the reason for it is therefore compre-
hensible.

 �Figure 1 Container with cover
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 Figure 2 Container

 Figure 3 Cover

There are further chapters in which the existing designs of actually manufactured 
injection molds are the basis for the explanations.



Introduction

“Where do all these plastic parts actually come from? Who makes them and how 
are these plastic components even manufactured?” These are questions that hardly 
anyone asks. “What are those little curls on or in the plastic part, what are they 
for? Then there is a small spot that looks as if something was cut or torn.” These 
are all characteristics that are visible on each part and arise in the manufacturing 
of plastic parts. For this manufacturing technique, besides an injection molding 
machine and plastic granulates, an injection mold is needed.

Review your day and think about how many plastic parts you held in your hand, 
and then you can imagine that firstly there is an incredible number of injection 
molds and secondly the diversity of injection molds there must be in a variety of 
industries, applications, or life situations.

For each plastic part which is manufactured there is the corresponding in-
jection mold. There are at least as many injection molds as different plastic 
parts, worldwide. Nevertheless every injection mold is unique and there is 
an unimaginable number which increases every day.

▇

Or to put it in a different way, imagine yourself in the kitchen, bathroom, office, or 
sitting in the car. Now imagine all of the plastic parts gone. What remains? Not 
much is left that is not made of plastic.

In concrete terms: Let’s start early in the morning. Before even getting up you hit 
the alarm button. You already have had the first contact with a plastic part. It con-
tinues when you brush your teeth. Today’s toothbrushes are, although this is not 
easily recognizable, manufactured with very complex and complicated injection 
molds. The conventional toothbrushes with automatically inserted brushes are the 
simpler version. However, for manufacturing an electrical toothbrush, two different 
plastics are injected one after another in the injection mold in a very complicated 
procedure in order to make the rotating brushes in the small brush enclosure.

Hair dryers, coffee machines, tea kettles, refrigerators, stoves, and ovens are just a 
few consumer goods used in daily life. Opening the door of your car, you again have 
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contact with plastic parts. Without injection molds, the interior of a car is unimag-
inable. Seats, steering wheel, switches, buttons, handles, levers, blinds, instru-
ments, covering, trays and so on, a countless number of injection molds are used 
for the manufacturing of a vehicle.

Plastics surround us in the immediate vicinity of our workplace, whether it is in 
the workshop, in the office or in school. It doesn’t matter what you hold in your 
hand or use, again it’s plastic parts. A computer, a keyboard, whether it is on the 
machine or on the desk. Everywhere there are things made of plastic, in different 
colors, contours, shapes, and degrees of hardness—from hard and stable printer 
housings to the soft and flexible protective covers for the mobile phone.

Last but not least, a child’s room! Almost all children’s toy boxes are full of toys 
made from plastic: toy blocks, board game figurines, racetracks, puppets, game 
consoles, etc. Plastic parts, no matter what we do or where we are, accompany us 
the whole day. Plastic parts are everywhere, and without them a normal life would 
be inconceivable.

The list goes on and on. Everyone goes through their day, consciously or uncon-
sciously in contact with plastic parts, but no one thinks about their origin, even 
though there is a huge worldwide industry behind them. Not only are there manu-
facturers of injection molds all over the world but also large corporations that man-
ufacture the machines for the production of the plastic parts and very large chem-
ical companies that constantly develop and produce new plastics for different 
applications. Millions of people are at home in this inconspicuous world.

Through the constant development of ever improving high-quality plastics the ap-
plication possibilities continue to increase. Sheet metal parts made of steel or alu-
minum are gradually replaced by plastic parts. Brackets made of metal used for 
fixing cables, fuel lines, containers, or the like in a car’s engine compartment are 
replaced today by high-strength plastic parts.

Further evidence that this development will certainly continue is the progress in 
the production of bioplastics. To put it simply, for bioplastics, the petroleum used 
normally as raw material is replaced by biologically derived material. These oils 
are extracted from renewable raw materials and are also biodegradable. So far 
there have only been a few applications that were often only explored by scientific 
facilities. The whole thing is still in the stages of development. However, if only 
from the sustainability point of view, bioplastic is predicted to have a bright and 
important future.

The most significant advantage of plastic parts is that after manufacturing or the 
injection process a ready-to-use piece comes out of the injection molding machine. 
The manufacturing time for such a component is only a few seconds. This also has 
an impact on the much lower cost per piece. But now we come back to the contents 
of this book—the success of this whole process depends on a high-quality injection 
mold.



Mold Types

�� 2.1 Simple Open/Close Mold

The open/close mold got its name from its easy movement and function when the 
injection mold for machining of the plastic parts is clamped onto an injection mold-
ing machine. The injection mold or the injection molding machine opens and 
closes without any further necessary movement taking place in the injection mold.

The entire motion sequence is called an injection cycle or just cycle. It begins with 
a closing of the injection mold. When it is closed, a liquid, hot plastic mass is in-
jected into the injection mold under pressure. Now a certain amount of time must 
pass before the liquid plastic has cooled and solidified and the plastic part in the 
injection mold reaches a certain stability. The injection mold opens and the fin-
ished, still-warm plastic parts are ejected from the injection mold. When all of the 
movements are finished, the process starts again. For the outside observer, the 
machine opens and closes again and again.

In using the term “liquid plastic”, one is referring to plasticized plastic. Plas-
tic pellets are heated and plasticized, which means they become soft and 
capable of flowing. In this consistency, the plastic can be injected into the 
injection mold. Depending on the type and kind of plastic pellets, this vary 
from being highly viscous to having a water-like viscosity. 

▇

The direction in which the injection mold or the injection molding machine opens 
and closes is called the main demolding direction. All movements of the injection 
molding machine, the injection molds and the moving parts in the injection mold 
run in this axial direction. Depending on the component there can be additional 
demolding directions. This is described in Section 2.2.

2
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The open/close mold is the simplest of all injection molds. As a result it is often the 
cheapest. Already in the planning and designing of plastic parts, efforts are made 
so that the plastic piece can be produced with this type of injection mold.

Figure 2.1 shows the demolding direction of a simple open/close mold. Both upper 
part (fixed half) and lower part (moving half) open and close in an axial direction. 
The plastic part has been designed for being produced with this specific mold in 
such a way that when opening the mold on the injection molding machine it is not 
damaged or destroyed.

demolding direction
of an 

open/close mold

upper part
(fixed half)

lower part
(moving half)

Figure 2.1 Demolding direction

The plastic parts which are to be produced with such an injection mold have no 
structural elements which deviate from the main demolding direction. Cup-shaped 
or flat parts, for example, are manufactured with this type of mold.

A plastic part can have elements such as side openings, latches and clips, laterally 
protruding edges or pipes. For the demolding of these elements, moving compo-
nents—called slides or inserts—are designed for the mold. In a secondary demold-
ing direction, these elements called undercuts can be removed from the mold with-
out damage. More on this in Section 2.2.
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The previously mentioned “expanding” parts container and cover is shown in Fig-
ure 2.2 to illustrate how such plastic parts produced in an open/close mold can 
look.

both components have no elements
 which deviate from the 

demolding direction

container

cover

demolding direction

Figure 2.2 Parts for an open/close mold

Here already is the first addition to container and cover. To connect the two and be 
able to close the container, a sleeve is introduced in every corner of the container 
and, aligning to the sleeve, a stepped bore is introduced in the cover. Now you can 
screw down the cover on the container with four screws.

Both the size of the injection mold as well as the open and close technique do not 
change despite these additions to the plastic parts. The additional elements are 
also in the demolding direction.

In Figure 2.3, the additional sleeves in the container and the stepped bores in the 
cover are shown. The demolding direction remains the same.
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both the sleeves in the container
as well as the holes in the 

cover are in demolding direction

container
cover

demolding direction

Figure 2.3 Parts for the open/close mold with additional elements

2.1.1 Classic Structure of an Open/Close Mold

The upper part (fixed half) and the lower part (moving half) are made up of several 
plates and risers. Via the integrated guides, that is, bolts in the fixed half and the 
bushes in the moving half, the mold closes precisely.

The fixed half consists of the clamping plate and the cavity plate. The guide bolts 
are installed in the cavity plate. The guide bolts are provided at the back end with 
a collar, which is embedded in the cavity plate. Against the slip out of the guide 
bolts the clamping plate is screwed tightly with the cavity plate. The cavity plate is 
fixed to the mold plate via another fitting diameter at the guide bolt.

The moving half of a classic open/close mold is made up of the mold plate, possi-
bly a backing plate, the risers and the lower cavity plate. The ejector set is between 
the risers. The guide bushes are also provided with a collar here and mounted in 
the cavity plate. They are secured in the moving half through the risers, which are 
attached, like the fixed half, via the back fitting diameter of the guide bush. The 
risers are again installed with the clamping plate and with the additional guide 
sleeves. Everything is screwed tightly together with long screws from the clamping 
plate through to the mold plate. This guarantees that all components are aligned 
and tightly connected. Ejectors are the moving parts in the injection mold that 
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eject or expel the plastic part after opening the mold. Ejectors are usually round 
pins which are installed in the ejector set. The small rings mentioned at the begin-
ning which are usually visible on the plastic part are the imprints of these ejectors.

In Figure 2.4 several longitudinal and cross sections through an injection mold are 
represented so that the classic structure of an open/close mold can be seen.

demolding direction

Longitudinal Section Cross Section

FH clamping plate

risers

MH clamping plate

backing plate

MH cavity plate

FH cavity plate
guide bolt

with fitting collar

guide bush
with fitting collar

ejector set
guide bush

FH screws

MH screws

FH = fixed half
MH = moving half

Figure 2.4 Section through a mold structure

The accuracy of fit in a mold is extremely important. Without precise guiding 
and fixing of both mold halves they can move radially.

▇

2.1.2 Guiding Elements

The guiding elements in an injection mold are very important. They ensure that 
both mold halves are already centered while closing against each other. Except in 
special solutions, guide bolts are built into the fixed half and guide bushes are built 
into the moving half. The tolerances between the cavity plates and the guide bolts 
and bushes are so small that they are installed with a light press fit.

The fixed half with the guiding bolts fits exactly, free of play, into the guide bushes 
of the moving half. Only in this way is it guaranteed that both sides fit together on 
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top of each other precisely and repeatedly. If this were not the case, the mold halves 
could move radially, which among other things can lead to different wall thick-
nesses in the plastic parts. This is also called mold offset.

Figure 2.5 shows what can happen when the guiding elements of an injection mold 
are not exactly aligned.

If the fixed half and the moving half are not exactly aligned 
and positively locked on top of each other this can lead to 
different wall thicknesses on the plastic part.

fixed half

moving half

demolding direction

Figure 2.5 Mold offset through insufficient guiding

Here are a few comparisons to get an idea of how important the accuracy of 
the guiding is. The tolerances between the bolt and the plate have to be so 
accurate that some light strikes are required when installing the bolt in the 
plate. If the bolt is just 0.006 mm too thick, it will be very difficult to install.
The tolerance between the guiding bolt and the guiding bush is even smaller. 
The difference between free-of-play movement and getting jammed is a maxi-
mum of 0.004 mm in diameter.
If the center distance between the guiding elements of the plates in the upper 
part and the lower part differs by more than 0.02 mm it is difficult for the 
mold to close.

▇
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Anti-rotation Protection
Today nearly all injection molds are rectangular. For this reason normally four 
guiding elements are installed, one in every corner. To prevent a false (rotated) as-
sembly of the fixed half and the moving half, one of the guides is smaller or bigger 
than the other three.

In Figure 2.6 the fixed half of a mold is displayed: three guide bolts with diameter 
(∅) 18 mm and one guide bolt with ∅ 20 mm. This should prevent a false (rotated) 
assembly of the fixed half on the moving half.

Fixed Half

guide bolt Ø 20 mm

guide bolts Ø 18 mm

anti-rotation protection 
through different diameters 
of the guiding elements

Figure 2.6 Anti-rotation protection in mold making

The following is important for the length selection of the guide bolts: Before the 
mold contours of the two halves approach, the guides must already fit into one an-
other. If the guides are too short, the mold contour could be damaged during the 
closing action of the mold halves.

In Figure 2.7 it is clearly visible that the guides are already sliding into one an-
other before both sides can have contact.


