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Die vorstehenden Informationen und unsere anwendungstechnische Beratung in Wort, Schrift
und durch Versuche erfolgen nach bestem Wissen, gelten jedoch nur als unverbindliche Hin-
weise, auch in bezug auf etwaige Schutzrechte Dritter. Die Beratung befreit Sie nicht von einer
eigenen Prüfung unserer Beratungshinweise und unserer Produkte im Hinblick auf ihre Eig-
nung für die beabsichtigten Verfahren und Zwecke. Anwendung, Verwendung und Verarbei-
tung unserer Produkte und der aufgrund unserer anwendungstechnischen Beratung von Ihnen
hergestellten Produkte erfolgen außerhalb unserer Kontrollmöglichkeiten und liegen daher
ausschließlich in Ihrem Verantwortungsbereich. Der Verkauf unserer Produkte erfolgt nach
Maßgabe unserer Allgemeinen Verkaufs- und Lieferbedingungen.

This information and our technical advice – whether verbal, in writing or by way of trials – are
given in good faith but without warranty, and this also applies where proprietary rights of third
parties are involved. Our advice does not release you from the obligation to check its validity
and to test our products as to their suitability for the intended processes and uses. The applica-
tion, use and processing of our products and the products manufactured by you on the basis
of our technical advice are beyond our control and, therefore, entirely your own responsibility.
Our products are sold in accordance with our General Conditions of Sale and Delivery.

ATI 969 d,e
Allgemein/General

Further developed calculation programs currently offer the 
possibility of simulating the injection molding process for 
glass fiber reinforced plastics, too. The orientation of the fibers 
in the injection molded part may be calculated in relation to 
the processing conditions and the mold geometry. The results 
are used to determine the directional shrinkage values as well 
as the anisotropic material properties, such as elasticity modu-
lus and heat expansion coefficient. These data may be utilized 
to pre-calculate the shrinkage, as demonstrated by a practical 
example.

Glass fiber reinforced plastics, due to their superior mechanical 
properties, are gaining more and more access to areas of 
application that used to be the exclusive domain of traditional 
materials (steel, aluminum). To the user, however, the improve-
ments resulting from the use of glass fibers are compromised 
by a higher tendency to deform. This must be considered when 
designing components and molds.

Since any change to a finshed mold creates additional costs 
and requires extra time, the planning stage has included rheo-
logical, thermal and mechanical computations of injection 
molds and injection molded articles for quite some time.

Newly developed program modules offer the possibility of rec-
ognizing deformations and their sources even before practical 
realization. Deformation effects may largely be controlled by 
changing the geometry of the molded article, the gate system 
and the cooling system.

The present article shows the factors that influence shrinkage 
and deformation. A practical example is described to illustrate 
the operation of these programs and their results.
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Material Geometry of the molded part Process

• p,v,t behavior

• Viscosity

• Heat conductivity

• Mechanical characteristic values

• Crystallinity

• Fillers

• Wall thickness/wall thickness conditions

• Flow path depths

• Material accumulation

• Edges

• Position of the injection point

• Holding pressure level

• Holding pressure profile

• Mass temperature

• Wall temperature

• Cooling time

Shrinkage/Deformation

Shrinkage and deformation have many reasons

A great variety of factors affect the shrinkage and deformation 
behavior of thermoplastic injection molded articles. The mutual 
interaction between different factors is complex and frequently 
difficult to predict. The influencing factors may be divided into 
three groups (Fig. 1):

–– material
–– geometry of the molded article
–– process

Computation programs include these parameters and their 
influence on the shrinkage and deformation.

The process may be described by defining the injection times 
and the injection and holding pressure profiles, as well as 
other processing parameters (mass temperature, mold tem-
perature, etc.).

The qualitative relations between these process parameters 
and the shrinkage behavior, as shown in Fig. 2, may be cal-
culated.

Die in Bild 2 dargestellten qualitativen Zusammenhänge
zwischen diesen Prozeßgrößen und dem Schwindungs-
verhalten können berechnet werden. 

Die Temperierverhältnisse werden dabei durch die Simu-
lation der Werkzeugkühlung erfaßt. Effekte wie die in
Bild 3 links dargestellte Verformung durch eine inhomo-
gene Temperaturverteilung werden richtig vorausgesagt.

The qualitative relations between these process parame-
ters and the shrinkage behaviour, as shown in Fig.2, may
be calculated.

The tempering conditions are assessed by simulating
mould cooling. Effects such as deformation as a result of
inhomogeneous temperature distribution, as shown in
Fig. 3, left-hand side, are predicted correctly.
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Bild 3: Verzug einer Platte durch Wandtemperatur-
differenzen (links) und durch eine Rippe mit
geringerer Wanddicke (rechts)
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Bild 2: Qualitative Zusammenhänge zwischen den ein-
zelnen Prozeßgrößen und dem Schwindungs-
verhalten

Fig. 2: Qualitative relations between individual process
parameters and shrinkage behaviour

Fig. 3: Deformation of a sheet as a result of differences
in the wall temperature (left) and the presence of
a rib with a lesser wall thickness (right)

Fig. 1: Factors affecting the shrinkage and deformation of thermoplastic injection molded parts [1]

Fig. 2: Qualitative relations between individual process parameters and shrinkage behavior
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The tempering conditions are assessed by simulating mold 
cooling. Effects such as deformation as a result of inhomoge-
neous temperature distribution, as shown in Fig. 3, left-hand 
side, are predicted correctly.

The geometry of the molded article is described by the com-
putational model of the molded article (wall thicknesses, flow 
path depths, breakouts, ribs, etc.). The model can also con-
sider the position and shape of the cutting face and the type 
of gate (cold runner, hot runner, submarine gate, sprue gate, 
etc.). The influence of the geometry of the molded article on 
the deformation is thus included in the overall consideration. 
The presence of ribs in a molded article, for instance, may 
considerably affect the deformation of the molded part. Fig. 3, 
right-hand side, qualitatively shows the deformation of a 
molded article with one rib. The different wall thicknesses of 
the rib and the base and the resulting different cooling condi-
tions lead to different shrinkage in rib and base surface. In the 
case of non-reinforced thermoplastics, this results in the 
shown warpage of the molded article.

The plastic to be processed, i.e., the material, enters the  
calculation in the form of material laws from the areas of rhe-
ology (flow) and thermodynamics (heat exchange). To this 
end, the rheological data and thermal parameters (thermal 
conductivity, heat capacity, yield temperature, crystallization 
temperature) measured by the raw material producer are 
needed.

Furthermore, the pvt behavior, i.e., the dependence of the 
specific volume on the pressure and temperature, is meas-
ured, although these measurements frequently neglect the 
influence of the cooling rate. This enables calculation of the 
volume shrinkage in the individual zones of the molded article.

In the case of glass fiber filled thermoplastics, not only the 
listed influencing factors, but also the orientation of these  
fillers considerably affects the deformation. Computation 
programs must therefore be able to pre-determine the orien-
tation of the fillers in relation to the processing technique 
(such as the injection rate) and the geometry of the molded 
article (cutting face, wall thicknesses, break-outs).

Die in Bild 2 dargestellten qualitativen Zusammenhänge
zwischen diesen Prozeßgrößen und dem Schwindungs-
verhalten können berechnet werden. 

Die Temperierverhältnisse werden dabei durch die Simu-
lation der Werkzeugkühlung erfaßt. Effekte wie die in
Bild 3 links dargestellte Verformung durch eine inhomo-
gene Temperaturverteilung werden richtig vorausgesagt.

The qualitative relations between these process parame-
ters and the shrinkage behaviour, as shown in Fig.2, may
be calculated.

The tempering conditions are assessed by simulating
mould cooling. Effects such as deformation as a result of
inhomogeneous temperature distribution, as shown in
Fig. 3, left-hand side, are predicted correctly.
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Bild 2: Qualitative Zusammenhänge zwischen den ein-

zelnen Prozeßgrößen und dem Schwindungs-
verhalten

Fig. 2: Qualitative relations between individual process
parameters and shrinkage behaviour

Fig. 3: Deformation of a sheet as a result of differences
in the wall temperature (left) and the presence of
a rib with a lesser wall thickness (right)

Fig. 3: �Deformation of a sheet as a result of differences in the wall temperature (left) and the presence of a rib with a lesser wall 
thickness (right)
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The glass fiber orientation determines the component 
properties

The orientation of the glass fiber is determined primarily by 
the flow conditions inside the impression of the mold. Differ-
ent orientation conditions are found not only in different areas 
of the molded article, but also in the cross-section of the 
molded part itself.

If one considers the orientation of the glass fibers in a simple 
molded article (for instance a rectangular sheet with a film 
gate), then three different orientation zones emerge in the 
cross-section of the molded article (Fig. 4).

In the wall adhesion zone (1), the orientation is mixed. The 
fibers in the shear zone (2) are oriented parallel to the flow 
direction, while the ones in the intermediate layer (3) are ori-
ented perpendicularly to it [2]. The fibers in the shear zone as 
well as those in the intermediate layer are oriented parallel to 
the surface of the molded article. This glass fiber distribution 
results from the fact that the shear rate and the extensional 
flow contribute considerably to this distribution.

Fig. 4, left-hand side, shows the relations. In the intermediate 
layer, the velocity gradient approaches zero, which is there-
fore also true of the shear rate. The velocity gradient is par-
ticularly large in the shear zone. The fiber, due to the different 
forces acting upon it, will adopt an orientation parallel to the 
flow direction. As a rule, the layer distribution is 2 x 2.5 % for 
the boundary layer, 2 x 40 % for the shear zone, and 15 % for 
the intermediate layer [2]. The exact ratio depends on factors 
such as the injection rate and the wall thickness, as well as 
the viscosity of the melt. The thickness of the intermediate 
layer decreases with decreasing viscosity.
 

Computation programs offer the possibility of predicting the 
orientation of the glass fibers in several layers over the cross-
section. Fig. 5 shows the calculated glass fiber orientation of 
a frontally fed PBT tensile bar with GF 20, according to DIN 
53 457.

Die Glasfaserorientierung bestimmt die 
Bauteileigenschaften

Die Glasfaserorientierung wird im Werkzeughohlraum von
den dort herrschenden Strömungsverhältnissen bestimmt.
Man findet nicht nur unterschiedliche Orientierungs -
zustände in verschiedenen Formteilbereichen, sondern
auch im Formteilquerschnitt selbst.

Betrachtet man die Glasfaserorientierung an einem
einfachen Formteil (z.B. Rechteckplatte mit Filmanguß),
findet man im allgemeinen drei verschiedene Zonen der
Orientierung im Formteilquerschnitt (Bild 4).

The glass fibre orientation determines the 
component properties

The orientation of the glass fibre is determined primarily
by the flow conditions inside the impression of the mould.
Different orientation conditions are found not only in dif-
ferent areas of the moulded article, but also in the cross-
section of the moulded part itself.

If one considers the orientation of the glass fibres in a sim-
ple moulded article (for instance a rectangular sheet with
a film gate), then three different orientation zones emer-
ge in the cross-section of the moulded article (Fig.4).
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Bild 4: Strömungsverhältnisse in einer Thermoplast-
schmelze (links) und Zonen verschiedener
Orientierungen über den Fließquerschnitt
(rechts) [2]

In der Wandhaftungszone (1) findet man eine Mischori-
entierung. in der Scherzone (2) sind die Fasern parallel
zur Fließrichtung ausgerichtet, während sie in der Mittel-
schicht (3) senkrecht zu ihr stehen[2]. Sowohl die Fasern
der Scherzone als auch die der Mittelschicht liegen
parallel zur Formteiloberfläche. Diese V erteilung der
Glasfasern wird durch die T atsache begründet, daß
Schergeschwindigkeit und Dehnströmung einen ent -
scheidenden Anteil an dieser Verteilung haben.

Bild 4 links zeigt die Zusammenhänge. in der mittleren
Schicht geht der Geschwindigkeitsgradient gegen Null,
somit auch die Schergeschwindigkeit. In der Scherzone
ist das Geschwindigkeitsgefälle besonders groß. Die
Faser wird sich aufgrund der unterschiedlichen Kräfte, die
an ihr wirken, parallel zur Fließrichtung ausrichten. In der
Regel gilt die Schichtaufteilung 2 x 2,5 % Randschicht,
2 x 40 % Scherzone und 15 % Mittelschicht [2]. Diese
hängt u.a. von der Einspritzgeschwindigkeit und der
Wanddicke sowie der Viskosität der Schmelze ab. Mit
abnehmender Viskosität verringert sich die Dicke der
Mittelschicht.

Berechnungsprogramme bieten die Möglichkeit, die Glas-
faserorientierung in mehreren Schichten über den Quer-
schnitt vorauszusagen. Bild 5 zeigt die berechnete Glas-
faserorientierung für einen stirnseitig angespritzten Zug-
stab nach DIN 53 457 aus PBT-GF 20.

In the wall adhesion zone (1), the orientation is mixed. The
fibres in the shear zone(2) are oriented parallel to the flow
direction, while the ones in the intermediate layer (3) are
oriented perpendicularly to it [2]. The fibres in the shear
zone as well as those in the intermediate layer are orient-
ed parallel to the surface of the moulded article. This glass
fibre distribution results from the fact that the shear rate
and the extensional flow contribute considerably to this
distribution.

Fig. 4, left-hand side, shows the relations. In the inter-
mediate layer, the velocity gradient approaches zero,
which is therefore also true of the shear rate. The velocity
gradient is particularly large in the shear zone. The fibre,
due to the different forces acting upon it, will adopt an ori-
entation parallel to the flow direction. As a rule, the layer
distribution is 2 x 2.5 % for the boundary layer, 2 x 40 %
for the shear zone, and 15% for the intermediate layer [2].
The exact ratio depends on factors such as the injection
rate and the wall thickness, as well as the viscosity of the
melt. The thickness of the intermediate layer decreases
with decreasing viscosity.

Computation programs offer the possibility of predicting
the orientation of the glass fibres in several layers over the
cross-section. Fig. 5 shows the calculated glass fibre ori-
entation of a frontally fed PBT tensile bar with GF 20,
according to DIN 53 457.

Fig. 4: Flow conditions in a thermoplastic melt (left) and
different orientation zones over the flow cross-
section (right) [2]

Die Unterschiede der Faserorientierungen in den einzel-
nen Schichten werden gut wiedergegeben. In der Mittel-
schicht (oben) liegen die Glasfasern schwachorientiert
quer zur Strömungsrichtung, in der Scherzone (unten) lie-
gen sie hochorientiert in Fließrichtung. Diese in Fließrich-
tung orientierten Fasern sind entscheidend für das Ver-
zugsverhalten. Daneben findet man in beiden Schichten
auch die typische Glasfaserorientierung, wie sie aufgrund
der konvergenten Strömung (Fließkanal verengt sich) und
aufgrund der divergenten Strömung (Fließkanal weitet
sich – Dehnströmung) vorliegt.

The differences between fibre orientations in the individual
layers are clearly visible. In the intermediate layer (above),
the glass fibres are slightly oriented perpendicularly to the
flow direction. In the shear zone (below), they are highly
oriented in flow direction. These fibres, oriented in flow
direction, define the deformation behaviour. Besides, both
layers also exhibit the typical glass fibre orientation re-
sulting from converging flow (flow channel narrows) and
from diverging flow (flow channel expands – extensional
flow).
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Bild 5: Glasfaserorientierung in einem Zugstab 
(Programm: Moldflow)

Bild 6: E-Modul-Verteilung parallel zur Fließrichtung,
berechnet nach dem Materialgesetz von
Ogorkiewicz-Weidmann-Counto 
(Programm: Moldflow)
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Fig. 5: Glass fibre orientation in a tensile bar 
(program: Moldflow)

Fig. 6: Distribution of the elasticity modulus parallel to
the flow direction, calculated according to the
Ogorkiewicz-Weidmann-Counto material law
(program: Moldflow)

Fig. 4: Flow conditions in a thermoplastic melt (left) and different orientation zones over the flow cross-section (right) [2]

Fig. 5: Glass fiber orientation in a tensile bar (program: Autodesk-Moldflow)
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The differences between fiber orientations in the individual 
layers are clearly visible. In the intermediate layer (above), the 
glass fibers are slightly oriented perpendicularly to the flow 
direction. In the shear zone (below), they are highly oriented 
in flow direction. These fibers, oriented in flow direction,  
define the deformation behavior. Besides, both layers also 
exhibit the typical glass fiber orientation resulting from con-
verging flow (flow channel narrows) and from diverging flow 
(flow channel expands – extensional flow).

The glass fiber orientations are used to calculate not only the 
directional shrinkage values, but also the directional elasticity 
moduli (Fig. 6). The highest elasticity moduli (about 7200 MPa) 
are encountered in the highly oriented areas (transition from 
the right shoulder to the narrow intermediate range). The 
mentioned value agrees well with the elasticity modulus val-
ues of this material, determined by a tensile test. The distri-
bution of elasticity moduli and glass fiber orientation also 

points to possible weaknesses of the tensile bar: These are 
found in the diverging flow area.

Applicational example: toaster covering

The PBT-GF toaster covering shown on the front page is  
injected twice in the upper, rectangular opening via a cold  
runner. The considerable collapse (deformation) of the long 
side faces is clearly visible. The reason for this deformation, 
detected by computation, was largely eliminated by appro-
priate constructive measures. The left part of Fig. 7 shows the 
calculated filling of the molded article (fill time about 2.5 s). 
The right part of this figure exhibits the calculated glass fiber 
orientation in the shear zone. The mold geometry – different 
diameters of the cold runners, wall thicknesses of the molded 
article, and double gate – enhances the melt flow over the 
frontal cutting face and creates a weld line along the long side 
faces.

Die Unterschiede der Faserorientierungen in den einzel-
nen Schichten werden gut wiedergegeben. In der Mittel-
schicht (oben) liegen die Glasfasern schwachorientiert
quer zur Strömungsrichtung, in der Scherzone (unten) lie-
gen sie hochorientiert in Fließrichtung. Diese in Fließrich-
tung orientierten Fasern sind entscheidend für das Ver-
zugsverhalten. Daneben findet man in beiden Schichten
auch die typische Glasfaserorientierung, wie sie aufgrund
der konvergenten Strömung (Fließkanal verengt sich) und
aufgrund der divergenten Strömung (Fließkanal weitet
sich – Dehnströmung) vorliegt.

The differences between fibre orientations in the individual
layers are clearly visible. In the intermediate layer (above),
the glass fibres are slightly oriented perpendicularly to the
flow direction. In the shear zone (below), they are highly
oriented in flow direction. These fibres, oriented in flow
direction, define the deformation behaviour. Besides, both
layers also exhibit the typical glass fibre orientation re-
sulting from converging flow (flow channel narrows) and
from diverging flow (flow channel expands – extensional
flow).
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Bild 5: Glasfaserorientierung in einem Zugstab 
(Programm: Moldflow)

Bild 6: E-Modul-Verteilung parallel zur Fließrichtung,
berechnet nach dem Materialgesetz von
Ogorkiewicz-Weidmann-Counto 
(Programm: Moldflow)
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Fig. 5: Glass fibre orientation in a tensile bar 
(program: Moldflow)

Fig. 6: Distribution of the elasticity modulus parallel to
the flow direction, calculated according to the
Ogorkiewicz-Weidmann-Counto material law
(program: Moldflow)

Fig. 6: �Distribution of the elasticity modulus parallel to the flow direction, calculated according to the Ogorkiewicz- 
Weidmann-Counto material law (program: Autodesk-Moldflow)

Anhand der Glasfaserorientierung werden neben den rich-
tungsabhängigen Schwindungswerten auch die rich -
tungsabhängigen E-Moduln berechnet (Bild 6). In den
hochorientierten Bereichen (Übergang von der rechten
Schulter zum schmalen Mittelbereich) findet man die höch-
sten E-Modul-Werte vor (ca. 7.200 MPa). Der Wert stimmt
sehr gut mit dem für dieses Material im Zugversuch
gemessenen E-Modul-Wert überein. E-Modul-Verteilung
und Glasfaserorientierung zeigen auch die mögliche
„Schwachstelle“ des Zugstabs deutlich: Sie liegt im diver-
genten Strömungsbereich.

Anwendungsbeispiel Toasterabdeckung

Die eingangs gezeigte Toasterabdeckung aus PBT-GF
wird in der oberen, rechteckigen Öffnung über einen Kalt-
verteiler zweimal angespritzt. Gut zu erkennen ist der star-
ke Einfall (Verzug) der langen Seitenflächen nach innen.
Die Ursache des V erzugs konnte durch Berechnung
erkannt und durch geeignete konstruktive Maßnahmen
weitgehend eliminiert werden. Bild 7 zeigt links die berech-
nete Formteilfüllung (Füllzeit ca. 2,5 s) und rechts die
berechnete Glasfaserorientierung in der Scherzone. Auf-
grund der Werkzeuggeometrie – unterschiedliche Durch-
messer der Kaltverteiler, Formteilwanddicken und Zwei-
fachanbindung – ergeben sich ein verstärkter Schmelze-
fluß über den vorderen Anschnitt und eine Bindenaht in
den langen Seitenflächen.

The glass fibre orientations are used to calculate not only
the directional shrinkage values, but also the directional
elasticity moduli (Fig. 6). The highest elasticity moduli
(about 7200 MPa) are encountered in the highly oriented
areas (transition from the right shoulder to the narrow
intermediate range). The mentioned value agrees well with
the elasticity modulus values of this material, determined
by a tensile test. The distribution of elasticity moduli and
glass fibre orientation also points to possible weaknesses
of the tensile bar: These are found in the diverging flow
area.

Applicational example: toaster covering

The PBT 20 % GF toaster covering shown on the front
page is injected twice in the upper, rectangular opening
via a cold runner. The considerable collapse (deformation)
of the long side faces is clearly visible. The reason for this
deformation, detected by computation, was largely elimi-
nated by appropriate constructive measures. The left part
of Fig. 7 shows the calculated filling of the moulded article
(fill time about 2.5 s). The right part of this figure exhibits
the calculated glass fibre orientation in the shear zone.
The mould geometry – different diameters of the cold run-
ners, wall thicknesses of the moulded article, and double
gate – enhance the melt flow over the frontal cutting face
and creates a weld line along the long side faces.
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Bild 7: Berechnete Formteilfüllung (links) und zuge-
hörige Glasfaserverteilung in der Scherzone
(rechts), berechnet nach Moldflow

Fig. 7: Computed filling of the moulded part (left) and
respective glass fibre distribution in the shear
zone (right) computed according to Moldflow

Fig. 7: �Computed filling of the molded part (left) and respective glass fiber distribution in the shear zone (right)  
computed according to Autodesk-Moldflow
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The flow conditions during the filling phase and the subse-
quent holding pressure phase largely determine the glass  
fiber distribution in the molded article. Fig. 7, right, shows the 
calculated glass fiber distribution in a shear layer. The glass 
fibers along the lateral faces are facing vertically downward 
(red “needles”). The glass fibers along the lower edge are 
known to orient themselves parallel to the edge. These differ-
ences in orientation cause deformation.

The chain of events, from varying orientation (Fig. 7) to defor-
mation (Fig. 8), may be explained by the fact that the horizon-
tally oriented glass fibers along the lower edge cause minimal  
horizontal shrinkage.

The horizontal shrinkage component along the lateral face, on 
the other hand, is noticeably higher. As a result, forces act 
upon the boundary layer, trying to compress it. This causes 
thermal indentation [3]. A portion of the boundary layer, which 
has been cut free, behaves like an “Eulerian bar” known from 
the science of the strength of materials (Fig. 9).

The pressure forces move the lower edge sideways into a new 
equilibrium position. The angular deformation [4] (thermal ten-
sions on the inside) in this case only makes the material cave 
in; contrary to popular belief, however, this is not the reason. 
Without this predetermined direction, the side face would be 
able to bend outward as well.

Die Strömungsverhältnisse in der Füllphase und der sich
anschließenden Nachdruckphase sind maßgeblich für die
Glasfaserverteilung im Formteil. Bild 7 rechts zeigt die
berechnete Glasfaserverteilung in einer Scherschicht. In
den Seitenflächen liegen die Glasfasern senkrecht nach
unten gerichtet (rote „Nadeln“). Am unteren Rand legt sich
die Glasfaser erfahrungsgemäß parallel zur Kante an.
Diese Orientierungsunterschiede verursachen den Ver-
zug.

Die Wirkungskette von der unterschiedlichen Orientierung
(Bild 7) bis zum Verzug (Bild 8) läßt sich wie folgt erklären:
Die horizontal liegenden Glasfasern an der Unterkante
sorgen für minimale Horizontalschwindung.

The flow conditions during the filling phase and the sub-
sequent holding pressure phase largely determine the
glass fibre distribution in the moulded article. Fig.7, right,
shows the calculated glass fibre distribution in a shear
layer. The glass fibres along the lateral faces are facing
vertically downward (red “needles”). The glass fibres along
the lower edge are known to orient themselves parallel to
the edge. These differences in orientation cause defor-
mation.

The chain of events, from varying orientation (Fig. 7) to
deformation (Fig. 8), may be explained as follows: The
horizontally oriented glass fibres along the lower edge
cause minimal horizontal shrinkage.
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The computational results (Figs. 7 and 8) indicate how defor-
mation may be reduced: moving the cutting face to an end 
face (tunnel gate), increasing the wall thickness in the fed 
frontal surface. As a result, the melt spreads rapidly and 
evenly fills the lateral faces. Fig. 10 shows the calculated new 
filling of the molded article (left) and the calculated glass fiber 
orientation in the shear zone (right). The glass fibers along the 
lateral faces are now evenly oriented in a longitudinal direc-
tion. As a consequence, the maximum deformation value 
(Fig. 11) decreases by a factor of more than five compared to 
the starting situation (Fig. 9).

The illustrated example, along with many others, shows that 
the computation programs currently available make it possi-
ble to qualitatively pre-calculate the molded article deforma-

tion of injection molded glass fiber reinforced components. 
Comparisons with actually measured deformation values 
prove that this simulation affords satisfactory results despite 
the simplifications that the computations are based on. How-
ever, it is true of these calculations, too, that only continuous 
critical survey of the results, intricate knowledge of the mate-
rial properties, and close practical orientation make shrink-
age and deformation programs a tool that considerably fa-
cilitates the task of design engineers and helps reduce costs.

First published: Kunststoffe 81 (1994) 8
Carl Hanser Verlag, D – 81679 Munich

Hingegen ist die Horinzontalkomponente der Schwindung
in der Seitenfläche deutlich höher. Hierdurch wirken auf
den Rand Kräfte, die ihn zusammendrücken wollen. Dies
bewirkt thermisches Beulen [3]. Ein freigeschnittener Teil
des Rands verhält sich ähnlich dem aus der Festigkeits-
lehre bekannten „Euler-Stab“ (Bild 9).

Unter der Wirkung der Druckkräfte weicht die Unterkante
seitlich in die neue Gleichgewichtslage aus. Der Winkel-
verzug [4] (Wärmespannungen auf der Innenseite) gibt
hier nur die Richtung nach innen vor; ist aber nicht, wie
gelegentlich geglaubt wird, die Ursache. Die Seitenwand
könnte sich ohne diese Richtungsangabe auch nach
außen verformen.

Die Ergebnisse der Berechnungen (Bild 7 und 8) geben
Hinweise, wie der Verzug reduziert werden kann: An-
schnittverlegung in eine Stirnfläche (Tunnelanguß), Wand-
dickenerhöhung in der angespritzten Stirnfläche. Hier-
durch erfolgt eine rasche Schmelzeausbreitung und eine
gleichmäßige Füllung der Seitenwände. Bild 10 zeigt die
neue berechnete Formteilfüllung (links) und die berech-
nete Glasfaserorientierung in der Scherzone (rechts). Die
Glasfasern liegen jetzt in den Seitenflächen gleichmäßig
längsorientiert. Dies hat zur Folge, daß sich der Verzug
(Bild 11) gegenüber der Ausgangssituation (Bild 9) im
Maximalwert um mehr als das Fünffache verringert hat.

The horizontal shrinkage component along the lateral face,
on the other hand, is noticeably higher. As a result, forces
act upon the boundary layer, trying to compress it. This
causes thermal indentation [3]. A portion of the boundary
layer, which has been cut free, behaves like an “Eulerian
bar” known from the science of the strength of materials
(Fig. 9).

The pressure forces move the lower edge sideways into a
new equilibrium position. The angular deformation [4]
(thermal tensions on the inside) in this case only makes
the material cave in; contrary to popular belief, however,
this is not the reason. W ithout this predetermined di-
rection, the side face would be able to bend outward as
well.

The computational results (Figs. 7 and 8) indicate how
deformation may be reduced: moving the cutting face to
an end face (tunnel gate), increasing the wall thickness in
the fed frontal surface. As a result, the melt spreads rapid-
ly and evenly fills the lateral faces. Fig.10 shows the cal-
culated new filling of the moulded article (left) and the cal-
culated glass fibre orientation in the shear zone (right).
The glass fibres along the lateral faces are now evenly ori-
ented in longitudinal direction. As a consequence, the
maximum deformation value (Fig. 11) decreases by a fac-
tor of more than five compared to the starting situation
(Fig. 9).
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Bild 10: Formteilfüllung (links) und Glasfaserorientierung
(rechts) nach der Werkzeugänderung, 
berechnet nach Moldflow

Fig. 10: Filling of the moulded article (left) and glass
fibre orientation (right) after mould change,
computed according to Moldflow

Fig. 10: �Filling of the molded article (left) and glass fiber orientation (right) after mold change, computed according to Autodesk- 
Moldflow

Das dargestellte Beispiel und viele andere zeigen, daß mit
Hilfe der heute zur Verfügung stehenden Berechnungs-
programme eine qualitative Vorausberechnung des Form-
teilverzugs spritzgegossener glasfaserverstärkter Bauteile
möglich ist. Vergleiche mit dem tatsächlich vorgefunde-
nen Verzug belegen, daß, trotz der den Rechnungen zu-
grundeliegenden Vereinfachungen, diese Simulation be-
friedigende Ergebnisse liefert. Es gilt aber auch bei die-
sen Berechnungen, daß erst durch die stetige kritische
Durchsicht der Ergebnisse, die genaue Kenntnis der Mate-
rialeigenschaften und der enge Bezug zur Praxis die
Schwindungs- und Verzugsprogramme zu einer großen
Arbeitserleichterung für den Konstrukteur werden und hel-
fen, Kosten zu reduzieren.

Erstausgabe Kunststoffe 81. Jg. 1994/8
Carl Hanser Verlag, Kolbergerstraße 22, 81679 München

The illustrated example, along with many others, shows
that the currently available computation programs make it
possible to qualitatively pre-calculate the moulded article
deformation of injection moulded glass fibre reinforced
components. Comparisons with actually measured defor-
mation values prove that this simulation affords satisfac-
tory results despite the simplifications that the compu-
tations are based on. However, it is true of these calcula-
tions, too, that only continuous critical survey of the re-
sults, intricate knowledge of the material properties, and
close practical orientation make shrinkage and deforma-
tion programs a tool to considerably facilitate the task of
designing engineers and to help reduce costs.

First published: Kunststoffe 81, 1994/8
Carl Hanser Verlag, D – 81679 Munich
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Bild 11: Berechneter Verzug nach den Werkzeug-
änderungen, berechnet nach Moldflow

Fig. 11: Calculated deformation after mould changes
computed according to Moldflow

Fig. 11: Calculated deformation after mold changes computed according to Autodesk-Moldflow
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Typical value
These values are typical values only. Unless explicitly agreed in written form, they do not constitute a binding material specification or warranted values. Values may be 
affected by the design of the mold/die, the processing conditions and coloring/pigmentation of the product. Unless specified to the contrary, the property values given 
have been established on standardized test specimens at room temperature.
 
General
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 and information 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 environmen-
tal standpoint. Such testing has not necessarily been done by us. Unless we otherwise agree in writing, all products are sold strictly pursuant to the terms of our stand-
ard 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.
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