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1 Introduction 

Substitution, integration and the thin-wall technique are the 
standard challenges encountered in the development and 
design of plastics components today – challenges which 
companies need to tackle in order to survive in the face of 
fierce competition. 

In the past, a clear division prevailed in construction systems: 
there were visible parts subject to stringent surface-finish 
requirements on the one hand, and engineering parts of a 
functional nature on the other. Today, however, even engineer-
ing parts are increasingly required to combine functionality 
with a “cosmetic appearance”. Hence, terms such as “engine 
compartment design” are emerging in the automotive indus-
try, while the concept of a “quality look” is to be found in the 
household goods industry. 

This has meant that the range of functions offered by a 
component have basically come to be taken for granted, 
while the external appearance of the component has been 
upgraded into a sales argument. 

As a result, there has been an increase in the requirements 
placed on all the individual elements of the process chain, 

• material, 
• molded part, 
• mold, and 
• injection molding machine, 

making it necessary for these elements to be specifically 
adapted to the new requirements.
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2 Parameters influencing surface quality 

Within the process chain, the material employed is key to 
successful design in terms of color, color depth, haptics and  
a degree of gloss, etc. These features must be taken into 
consideration during molded part design by ensuring that 
the design is suitably tailored to the plastic. Selection of an 
appropriate production process and a suitable mold design 
will then lead to the desired surface finish.

Fig. 1 shows the main parameters affecting surface quality 
and, at the same time, highlights just how many different 
aspects there are to this subject in practice. 

With consideration to what has been said above, this brochure 
focuses on the mold and, more specifically, on the gate design 
required to achieve high-quality surface finishes.

Fig. 1: Factors influencing surface quality
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Mit diesem Beitrag ist unter Berücksichtigung des oben genannten der
Fokus auf das Werkzeug und eingrenzend auf die Angussgestaltung für edle
Oberflächen gelegt.

With consideration to what has been said above, this brochure focuses on
the mould and, more specifically, on the gate design required to achieve
high-quality surface finishes.

Werkzeug Werkstoff Formteil Spritzgießmaschine

– Angusssystem
– Angussart
– Angusslage
– Werkzeugstahl1)

– Art der Struktur
– Kühlsystem

– chemischer
   Aufbau
– Viskosität f (°C)
– Schwindung
– Füllstoffe
– E-Modul f (°C)

– Wanddicke
– Formteilfüllung
– Entformungs-
   schräge
– Gleichmäßigkeit der
   Wanddicke
– Fließweg/Wand-
   dicken-Verhältnis 

– Einspritz-
   geschwindigkeit
– Druckaufbau
– Spritzdruck
– Nachdruck
– Werkzeug-
   temperierung

1)  chemischer Aufbau
Gefüge
thermische Eigenschaften
Reibverhalten
Wärmeleitfähigkeit

– chemical
composition

– viscosity f (°C)
– shrinkage
– fillers
– Young’s modulus

f (°C)

– wall thickness
– molded part filling
– demolding draft
– uniformity of wall

thickness
– flow length/wall

thickness ratio

– injection velocity
– pressure build-up
– injection pressure
– holding pressure
– mold heating/

cooling

Mold   Material Molded part  Injection molding
 machine

– gating system
– gate type
– gate position
– mold steel1)

– type of structure
– cooling system

1)  chemical composition
structure
thermal properties
friction behaviour
conductivity

Bild 2: Einflussgrößen auf die
Oberflächenqualität

Fig. 2: Factors influencing
surface quality

1) �chemical composition, structure, thermal properties, friction behaviour, conductivity

Fig. 2: Requirements on the gating system
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Weitergehende Erkenntnis an dieser Stelle: Das Angusssystem muss neben
dem Genannten so dimensioniert sein, dass der notwendige Nachdruck zum
Ausgleich der Volumenkontraktion (Schwindung) in der Abkühlphase wirk-
sam sein kann.

A further observation at this point: apart from what has already been said,
the gating system must be dimensioned in such a way that the holding pres-
sure necessary to offset the volume contraction (shrinkage) can act during
the cooling phase.

From the rheological point of view                                 From the processor’s point of view

– gentle transport of melt to the cavity
– low shear
– low temperature increase
– low pressure loss

– low sprue waste
– short cycle
– automatic sprue removal if possible
– high processing latitude
– no visible marks
– problem free

The gate system must be dimensioned in such a way that the holding pressure acts on
the molded part for a sufficient period of time.

Fig. 3: Requirements on the
gating system

Einfallstellen /
Sink marks

Fig. 4: A component with sink marks
caused by unfavourable gate dimensioning

Bild 4 : Bauteil mit Einfallstellen aufgrund
ungünstiger Angussdimensionierung

3 The gating system 

The gating system is a process engineering “means to an 
end”, which conveys the melt that has been compounded in 
the injection molding cylinder into the mold cavity. The article 
designer must bear this necessary function in mind right  
at the initial stage of design if he is to satisfy the basic con-
ditions for a high-quality surface. 

Three different points of view emerge: 
1. �From the design point of view, parts must be produced 

without any gate markings, or, alternatively, the injection 
point must be shifted to a non-visible point. 

2. �As far as the raw materials supplier is concerned, the main 
consideration is gentle compounding and transport of the 
melt into the cavity.

3. �The processor requires short cycle times, minimal  
sprue waste, a high processing latitude and trouble-free 
production in order to ensure cost-efficient production. 

Fig. 2 sets out the requirements placed on the gating 
system from the viewpoint of the raw materials supplier and 
the processor.

One further point: apart from what has already been said, the 
gating system must be dimensioned in such a way that the 
holding pressure necessary to offset the volume contraction 
(shrinkage) can act during the cooling phase.
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3.1 Dimensioning the gate

The chief criteria for dimensioning a gate are the weight of 
the molded part (volume), the length of the gate and the wall 
thickness of the molding (flow length). These affect the 
pressure requirements, the thermal stressing that prevails 
during filling and the shear stress. They are restricted by  
the material’s limited flowability and by the sensitivity of indi-
vidual grades to shearing. In addition to this, filling behavior, 
such as that seen downstream of sudden changes in wall 
thickness, and jetting are decisive for surface quality. 

Against this background, the following targets should be set 
for the pressure requirement when designing molded parts 
and gating systems for engineering thermoplastics that are 
being used in general-purpose applications: 

Pressure requirement 
• gating system Dp < 300 bar 
• gate Dp < 50 bar 
• molding Dp < 650 bar 

The diagram shown below for establishing the gate diameter 
has been drawn up as a function of the weight of the molded 
part. In accordance with the virtually linear profile of the 
graphs, this gate dimensioning rule, which has proved success-
ful in practice, still remains valid today:

	 Gate diameter = 2/3 wall thickness (s)
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Sink marks
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Bild 4 : Bauteil mit Einfallstellen aufgrund
ungünstiger Angussdimensionierung
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Bild 5: Anschnitt-
durchmesser(Punkt) als f von

Wanddicke und Formteilgewicht

Fig. 3: �A component with sink marks caused by unfavorable gate dimensioning

Fig. 4: �Gate diameter (point) as a function of wall thickness and molded part weight
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3.2 Gating systems 

Gating systems are made up of a cold or hot runner system,  
or a combination of the two. 

A hot runner system can basically be viewed as an extension 
of the machine nozzles. The requirements placed on the  
hot runner system increase if a molded part has to be filled 
via a number of nozzles rather than through a direct gate. 
The majority of hot runner systems operate indirectly, i.e., 
there is still a transition between the nozzle and the molded 
part, in the form of a residual lug or a cold distribution system, 
for example. 

In view of the restricted space available here for the topic 
being covered, the following aspects of gate design should 
be regarded as applying to both cold-runner and hot-runner 
systems.

3.3 Gate types 

3.3.1 Sprue 

In the simplest case, the gate takes the form of a sprue 
which, if correctly dimensioned and positioned, still consti-
tutes a cost-efficient solution today, in that it will generally 
operate reliably during the process. A key feature alongside 
the diameter of the sprue is the conicity necessary for 
demolding. In the case of “hard” thermoplastics, a conicity  
of 1.5° on each side has proved successful.

3.3.2 Gate design for flat components

Flat component geometries which are required to be free 
from gate marks impose particularly stringent requirements 
on the gate technology. Special consideration will be given 
to these below.

When the gate is designed as a pinpoint gate in the side wall, 
this leads to the familiar phenomenon of jetting (Figs. 5 a + 6). 

The reason for this is: 
• �The plastic melt does not form a frontal flow 
• A melt strand with a low level of wall contact forms (cooling)
• �No homogeneous connection is made with the melt sub

sequently entering the mold 

The target for gate optimization must therefore be to ensure 
that the melt immediately takes on the form of a frontal flow. 

Jetting, remedies: 
1. Increase the gate cross-section
2. Possibly select a gate position with a deflector surface
3. Reduce the injection velocity
4. Generate an injection profile: slow  fast

On flat parts where it is not possible to have the melt injected 
via a deflector surface on the lateral wall to ensure that it 
forms a frontal flow, the cavity must be filled with the aid of  
a film gate. Although a greater outlay will be involved in re-
moving the sprue here, this technique is currently employed 
for transparent parts, such as headlamp diffusers (Fig. 6 b). 

Fig. 5: Gate design for flat components
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Der Anschnitt als Punktanschnitt in der Seitenwand erzeugt den bekannten
Freistrahl (Jetting) (Bild 6a + 7).

Die Ursache hierfür ist:
� kein ausgebildeter Quellfluss der Kunststoffschmelze
� Bildung eines Massestranges mit geringem Wandkontakt (Abkühlung)
� keine homogene Verbindung mit der nachfolgenden Schmelze

Es muss demzufolge das Ziel der Angussoptimierung sein, die Schmelze
direkt in den Quellfluss zu überführen. 

When the gate is designed as a pinpoint gate in the side wall, this leads to
the familiar phenomenon of jetting (Fig. 6a + 7). 

The reason for this is:
� the plastic melt does not form a frontal flow
� a melt strand with a low level of wall contact forms (cooling)
� no homogeneous connection is made with the melt subsequently entering

the mould

The target for gate optimisation must therefore be to ensure that the melt
immediately takes on the form of a frontal flow. 

Punktanschnitt / Pinpoint gate Filmanschnitt / Film gate

Nachteil: freier Massestrahl /
Drawback: jetting

Nachteil: nachträgliche Trennung /
Drawback: subsequent separation

Nachteil: ggf. nachträgliche Trennung
des Hilfszapfens /

Drawback: potential subsequent
separation of ancillary lug

Tunnelanschnitt auf Hilfszapfen /
Tunnel gate on ancillary lug

Gebogener Tunnelanguss /
Bent tunnel gate

Fig. 6: Gate design
for flat components

Bild 6: Angussarten
für flache Bauteile

a) b)

c) d)
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3.3.3 Film gate 

In a film gate (Fig. 5 b), the centrally-fed melt is divided up in  
a pre-distributor in such a way that it attains the width of the 
gate. The pre-distributor must be designed so as to ensure 
that the melt requires an identical pressure over this path. The 
film gate with a delta distributor shown in Fig. 7 is an example 
of this. The pre-distributor ensures correct balancing and 
hence a constant pressure requirement over the flow paths. 

Components with sensitive surfaces and those which are 
sensitive to stress, such as the polycarbonate diffuser 
shown here, are always injected via a film gate in order to 
reduce the level of shear. 

Both gate variants display the 2–3 s ratio already referred to 
above for the film thickness. 

Fig. 6: Jetting through an unfavorable gate geometry and position
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Freier Massestrahl, Abhilfemaßnahmen:

1. Anschnittquerschnitt vergrößern
2. eventuell Anschnittlage mit Prallfläche wählen
3. Einspritzgeschwindigkeit reduzieren
4. Einspritzprofil erstellen: langsam � schnell

Flache Bauteile, die nicht die Möglichkeit zulassen, die Schmelze über einen
Anspritzort an der Seitenwand (Prallfläche) in den Quellfluss gelangen zu
lassen, müssen mit Hilfe eines Filmanschnitts gefüllt werden. Obwohl hier
mit erhöhtem Aufwand der Angussabtrennung zu rechnen ist, wird diese
Technik auch heute besonders für transparente Formteile wie z. B. Schein-
werferstreuscheiben eingesetzt (Bild 7b).

Jetting, remedies:

1. Increase the gate cross-section 
2. Possibly select a gate position with a deflector surface
3. Reduce the injection velocity
4. Generate an injection profile: slow � fast

On flat parts where it is not possible to have the melt injected in via a de-
flector surface on the lateral wall to ensure that it forms a frontal flow, the
cavity must be filled with the aid of a film gate. Although a greater outlay
will be involved in removing the sprue here, this technique is currently
employed for transparent parts, such as headlamp diffusers (Fig. 7b).

Werkzeugfüllung mit Freistrahlbildung
(Jetting) /
Mold filling with jetting

“Jetting”

Fig. 7: Jetting through an unfavour-
able gate geometry and position

Bild 7: Freistrahlbildung durch
ungünstige Anschnittgeometrie

und -lage
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Im Filmanschnitt (Bild 6b) wird die zentral ankommende Schmelze über
einen Vorverteiler auf die Breite des Filmanschnitts gebracht. Der Vorver-
teiler ist so zu gestalten, dass die Schmelze auf diesem Weg den gleichen
Druck benötigt. Als Beispiel dient hier der mit Bild 8 dargestellte Film-
anschnitt mit Delta-Verteiler. Durch den Vorverteiler kommt es zum geziel-
ten Balancieren, so dass der Druckbedarf über die Fließpfade konstant ist.

Oberflächen- und spannungssensible Bauteile wie die hier gezeigte
Abdeckung aus Polycarbonat werden zur Reduzierung der Scherung
grundsätzlich mit einem Film angespritzt.

Beide Anschnitt-Varianten sind in der Filmdicke mit dem bereits erwähn-
ten 2/3-s-Verhältnis ausgeführt.

3.3.3  Filmanschnitt

In a film gate (Fig. 6b), the centrally-fed melt is divided up in a pre-
distributor in such a way that it attains the width of the gate. The pre-
distributor must be designed so as to ensure that the melt requires an
identical pressure over this path. The film gate with a delta distributor shown
in Fig. 8 is an example of this. The pre-distributor ensures correct balancing
and hence a constant pressure requirement over the flow paths.

Components with sensitive surfaces and those which are sensitive to stress,
such as the polycarbonate cover shown here, are always injected via a film
gate in order to reduce the level of shear.

Both gate variants display the 2/3-s ratio already referred to above for the
film thickness.

3.3.3  Film gate

Fig. 7b: Headlamp diffuser with a film
gate

Bild 7b: Streuscheiben mit 
Filmanschnitt

Fig. 6 b: Headlamp diffuser with a film gate
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Fig. 8: Transparent polycarbonate diffuser (reducing shear)

Fig. 7: Balanced film gate

12

Fig. 9: Transparent polycarbonate
cover (Reducing shear)

Bild 9: Transparente Abdeckung
aus Polycarbonat (Reduzierung

der Scherung)

Angussstange /
Sprue

Gezieltes Vorfließen der Schmelze /
Selective melt advance

Fig. 8: Balanced
film gate

Bild 8: Balancierter
Filmanschnitt

Querschnitt / Cross section
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Fig. 9: Transparent polycarbonate
cover (Reducing shear)

Bild 9: Transparente Abdeckung
aus Polycarbonat (Reduzierung

der Scherung)

Angussstange /
Sprue

Gezieltes Vorfließen der Schmelze /
Selective melt advance

Fig. 8: Balanced
film gate

Bild 8: Balancierter
Filmanschnitt

Querschnitt / Cross section
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3.3.4 Tunnel gate 

The tunnel gate meets the requirements imposed by auto-
matic production and is thus widely used today. Unfortunately, 
the tunnel is frequently still designed as a simple cone – 
even in works standards. 

It is regarded as sufficiently proven that a dead-end tunnel 
gate offers a large number of advantages, particularly when 
it comes to achieving high-quality surfaces. 

The advantage of this design is that the pressure loss and 
the shear within the tunnel are kept at a low level. 

A comparative calculation of the shear (Fig. 11) supports this 
statement, since the tunnel with a dead end displays only half 
the level of shear stressing. In practice, this often produces  
a decisive increase in processing latitude, thereby fulfilling 
the chief condition for reliable production with defect-free 
surfaces.

Fig. 11 a: Tunnel gate

Fig. 9: �Unfavorable tunnel layout  
(Lenticular gate on edge, without a dead end) 
Copy of a customer’s works standard

Fig. 11 b: Tunnel gate with dead end

Fig. 10: �Recommended design of a tunnel gate  
(dead-end philosophy)
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3.3.4  Tunnelanguss

Der Tunnelanguss erfüllt die Anforderungen an eine automatische Fertigung
und kommt aus diesem Grund heute sehr oft zur Anwendung. Leider ist
auch heute noch häufig der Tunnel und dies sogar in Werksnormen, als ein-
facher Kegel aufgeführt. 

Es gilt als hinlänglich bewiesen, dass der Tunnel mit Stauboden viele Vor-
teile und dies insbesondere zur Erzielung edler Oberflächen aufweist.

3.3.4  Tunnel gate

The tunnel gate meets the requirements imposed by automatic production
and is thus widely used today. Unfortunately, the tunnel is frequently still
designed as a simple cone – even in works standards. 

It is regarded as sufficiently proven that a dead-end tunnel gate offers a large
number of advantages, particularly when it comes to achieving high-qua-
lity surfaces.
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Bild 11: Empfohlene Ausführung eines
Tunnelangusses (Stauboden-Philosophie)

Bild 10: Tunnelgestaltung
(Anschnitt-Linse hochkant, ohne Stauboden)

Kopie einer Kunden-Werksnorm

ungünstig /
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Fig. 11: Recommended design of a
tunnel gate (Dead-end philosophy)

Fig. 10: Tunnel layout
(Lenticular gate on edge, without a dead end)

Copy of a customer’s works standard

ungünstig /
Unfavorable

empfohlener
Staubodenanguss /
Recommended
dead-end gate
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Der Vorteil dieser Ausführung besteht darin, dass der Druckverlust und die
Scherung im Tunnel klein bleibt. 

Die Vergleichsberechnung der Scherung (Abb. 12) unterstreicht diese Aus-
sage, da bei dieser Angussgeometrie der Tunnel mit Stauboden auf ein
wesentliches niedrigeres Niveau der Scherungbelastung kommt. Dies bedeu-
tet in der Praxis oft die entscheidende Vergrößerung des Verarbeitungs-
fensters und ist somit erst die Voraussetzung für eine prozesssichere Fer-
tigung zur Erzielung störungsfreier Oberflächen.

Vergleich der Scherung 
(Tunnelanguss versus Stauboden-Tunnelanguss)

The advantage of this design is that the pressure loss and the shear within
the tunnel are kept at a low level. 

A comparative calculation of the shear (Fig. 12) supports this statement,
since the tunnel with a dead end displays only half the level of shear stres-
sing. In practice, this often produces a decisive increase in processing
latitude, thereby fulfilling the chief condition for reliable production with
defect-free surfaces. 

Comparison of shear
(tunnel gate versus dead-end tunnel gate)

Material: Novodur® P2H-AT
Massetemperatur: 240 °C
Werkzeugtemperatur: 60 °C
Einspritzzeit: 1,0 s
Volumenstrom: 70 cm3/s

Material: Novodur® P2H-AT
Melt temperature: 240 °C
Mould temperature: 60 °C
Injection time: 1.0 s
Flowrate: 70 cm3/s

Bild 12 B: Tunnelanguss mit Stauboden / 
Fig. 12 B: Tunnel gate with dead end

Bild 12 A: Tunnelanguss / 
Fig. 12 A: Tunnel gate

Flow rate 70 cm³/s

Comparison of shear
(tunnel gate versus dead-end tunnel gate)

Flow rate 70 cm³/s
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3.3.5 Tunnel on an ancillary lug

One way of avoiding jetting is to use a system where the 
tunnel is located on an ancillary lug. As the melt flows into the 
cavity, it hits the wall on the opposite side and ensures that 
filling continues with the type of frontal flow desired. Care 
should be taken here to ensure that the cross-sections are 
correctly coordinated, as described in Fig. 12. The ancillary 
lug is incorporated into an ejector, so that it is demolded 
during the ejection process. The ancillary lug still remains on 
the part, however, and will generally have to be removed in 
an additional operation.

Fig. 11 a 1+2: �Tunnel gate: Cellular structure;  
Calculated shear rate at elements 1 to 31

Fig. 11 b 1+2: �Tunnel gate with a dead end:  
Cellular structure;  
Calculated shear rate at elements 1 to 31

Fig. 12: Design of a break-off ancillary lug
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11 a 1

(~ 7.000 1/s) Element 31 (~ 7.000 1/s)

(~ 18.000 1/s) Element 24 (~ 7.500 1/s)

(~ 35.000 1/s) Element 18 (~ 9.000 1/s)

(~ 75.000 1/s) Element 12 (~ 12.000 1/s)

(~ 280.000 1/s) Element 6 (~ 15.000 1/s)

(~ 900.000 1/s) Element 1 (~ 19.000 1/s)
11 b 1

Fig. 12 A.1+2: Tunnel gate: Cellular structure
Calculated shear rate at elements 1 to 31

Fig. 12 B.1+2: Tunnel gate with a dead end: Cellular structure
Calculated shear rate at elements 1 to 31

Bild 12 A.1+2: Tunnelanguss: Netzstruktur
Berechnete Schergeschwindigkeit an den Elemtenten 1 bis 31

Bild 12 B.1+2: Tunnelanguss mit Stauboden: Netzstruktur
Berechnete Schergeschwindigkeit an den Elementen 1 bis 31

Shear Rate 1/s

11 a 2 11 b 2

Shear Rate 1/s
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3.3.5  Tunnel auf Hilfszapfen

Eine Möglichkeit, den freien Massestrahl zu vermeiden, ist mit dem System
„Tunnel auf Hilfszapfen“ gegeben. Die Schmelze strömt beim Eintritt in die
Kavität gegen die gegenüberliegende Wand und setzt die Füllung im ange-
strebten Quellfluss fort. Zu achten ist hierbei auf die richtige Abstimmung
der Querschnitte, so wie es im Beispiel Bild 13 beschrieben ist. Der Hilfs-
zapfen wird in einen Ausstoßer eingearbeitet, so dass er mit dem Aus-
stoßvorgang entformt wird. Allerdings verbleibt der Hilfszapfen nach Ent-
formung am Formteil und muss in der Regel durch einen zusätzlichen Vor-
gang entfernt werden.

3.3.5  Tunnel on an ancillary lug

One way of avoiding jetting is to use a system with the “tunnel on an an-
cillary lug”. As the melt flows into the cavity, it hits against the wall on
the opposite side and ensures that filling continues with the type of fron-
tal flow desired. Care should be taken here to ensure that the cross-sections
are correctly coordinated, such as in the manner described in Fig. 13. The
ancillary lug is worked into an ejector, so that it is demoulded during the
ejection process. The ancillary lug still remains on the part, however, and
will generally have to be removed in an additional operation.

ungünstig / unfavorable

günstiger /
more favorable

Fig. 13: Design of a break-off 
ancillary lug

Bild 13: Gestaltung eines
Abbrech-Hilfszapfens
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3.3.6 Bent tunnel gate

Like the tunnel on an ancillary lug, the bent tunnel gate is 
also used for flat components for the same reason. It addition-
ally has the advantage of not requiring any finishing work. 
Incorporating the bent tunnel in the mold, however, necessi-
tates a greater outlay and a separate insert. The following 
dimensions should be observed in order to ensure reliable 
operation during the process: 

• bending lever > 20 mm 
• �distributor diameter 5–8 mm 
• �radius of bent tunnel at least R 5–25 mm 

The bending lever and bent tunnel must be sufficiently flexible 
to permit expansion during the demolding phase without  
the permitted tensile strain at break being exceeded. The 
demolding operation should be supported by a centring tip 
with a long guide.

3.4 “Matt halo”

A “matt halo” is a surface phenomenon which occurs in con-
junction with the gating system. It is found either immediately 
around the gate (Fig. 14) or on the side opposite the gate  
(Fig. 15). 

The first case results from a disturbance in the flow of melt, 
which causes the melt to be injected in with a high level of 
orientation and to solidify without coming into direct contact 
with the wall. Following this, the outer fiber is broken apart 
again as a result of high shear stress, and this solidifies 
together with the melt that flows in afterwards, forming very 
small notches. 

By way of an initial approximation, the cause should be 
sought in the diameter of the gate in relation to the wall 
thickness. The phenomenon described is found primarily in 
thick-walled parts and, in some cases, is also referred to as 
“micro-jetting” in practice. 

The second case results when the melt is injected on the side 
opposite the visible side. The visibility of the “matt halo” will 
be a function of the surface (with visibility increasing from 
polished to textured), the mold temperature and the process
ing conditions. In this case, the low-viscosity melt penetrates 
the structure of the opposite side, with an inherently high 
pressure and solidifies under pressure in the immediate vici
nity, causing the compound somewhat further away to shrink 
away from the wall.

Fig. 13: Design of a break-off ancillary lug

3.3.6  Gebogener Tunnelanguss

Wie der „Tunnel auf Hilfszapfen“, so wird der gebogene Tunnelanguss aus
gleichem Grund für flache Bauteile eingesetzt. Dieser hat zudem den Vor-
teil, dass keine Nacharbeit besteht. Die Einarbeitung des gebogenen Tun-
nels in das Werkzeug ist allerdings mit erhöhtem Aufwand verbunden und
erfolgt in einem separaten Einsatz. Zur Erlangung einer prozesssicheren
Funktion sind folgende Maße relevant:

� Biegehebel > 20 mm
� Durchmesser Verteiler zwischen 5 – 8 mm
� Radius gebogener Tunnel mind. R 5 – 25 mm

Der Biegehebel und gebogene Tunnel muss hinreichend biegeweich sein, so
dass er sich während der Entformungsphase aufweiten kann, ohne dass hier-
bei die zulässige Reißdehnung überschritten wird. Der Entformungsvorgang
ist durch eine Zentrierspitze mit langer Führung zu unterstützen.

3.3.6  Bent tunnel gate

In the same way as the “tunnel on an ancillary lug”, the bent tunnel gate
is also used for flat components for the same reason. It additionally has the
advantage of not requiring any finishing work. Incorporating the bent tunnel
in the mould, however, necessitates a greater outlay and a separate insert.
The following dimensions should be observed in order to ensure reliable
operation during the process:

� ending lever > 20 mm
� distributor diameter  5 – 8 mm
� radius of bent tunnel at least R 5 – 25 mm

The bending lever and bent tunnel must be sufficiently flexible to permit
expansion during the demolding phase without the permitted tensile strain
at break being exceeded. The demolding operation should be supported
by a centring tip with a long guide.
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Mögliche Biegestelle für
kurzen Abstand „x“ /
Potential bending point
for a short distance “x”

Sollbruchstelle /
Predetermined fracture point

Zentrierspitze mit
langer Führung /
Centring tip with
long guide

Fig. 14: Design of a break-off 
ancillary lug

Bild 14: Gestaltung eines
Abbrech-Hilfszapfens

Fig. 14: Gate design: “matt halo”
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3.4 Matter Hof

Der „matte Hof“ ist eine Oberflächenerscheinung, die in Verbindung mit
dem Angusssystem auftritt. Er befindet sich entweder unmittelbar um den
Anschnitt herum (Bild 15), oder auf der gegenüberliegenden Seite (Bild 16)
des Anschnitts.

Im ersten Fall liegt eine Störung im Schmelzefluss vor, bei der die Schmelze
mit hoher Orientierung eingespritzt wird und ohne direkten Wandkontakt
erstarrt. Im folgenden wird durch hohe Schubspannung die äußere Rand-
faser wieder aufgerissen und erstarrt mit nachfolgender Schmelze unter Bil-
dung feinster Kerben.

In erster Näherung ist die Ursache im Anschnittdurchmesser in Relation zur
Wanddicke zu suchen. Zu finden ist dieses beschriebene Bild bevorzugt bei
dickwandigen Formteilen, so dass in der Praxis hier auch von „Micro Jet-
ting“ gesprochen wird.

3.4 “Matt halo”

A “matt halo” is a surface phenomenon which occurs in conjunction with
the gating system. It is found either immediately around the gate (Fig. 15)
or on the side opposite the gate (Fig. 16).

The first case results from a disturbance in the flow of melt, which causes
the melt to be injected in with a high level of orientation and to solidify with-
out coming into direct contact with the wall. Following this, the outer fibre
is broken apart again as a result of high shear stress, and this solidifies
together with the melt that flows in afterwards, forming very small notches. 

By way of an initial approximation, the cause should be sought in the dia-
meter of the gate in relation to the wall thickness. The phenomenon describ-
ed is found primarily in thick-walled parts and, in some cases, is also
referred to as „micro-jetting“ in practice.

Matter Hof /
Matt halos

Matte Stellen im Anschnittbereich /
Matt points (“halos”) in the vicinity of the gate

Schmelzefluss im Angusssystem bzw. im Anschnittbereich /
Disturbance in the flow of melt in the gating system or in the vicinity of the gate.

Fig. 15: Gate design:
“matt halo”

Bild 15: Angussgestaltung:
matter Hof
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3.4.1 Bent tunnel gate as a “mini-film” gate

Fig. 15 shows a glove compartment lid where the melt is in-
jected into the rear via a bent tunnel gate, giving rise to a 
pronounced “matt halo” of the type described above on the 
textured visible surface.

The “matt halo” phenomenon described above can be alle
viated and, in some cases, eliminated altogether by reducing 
the specific pressure and the graduated injection profile. 

In many cases, expanding the gate into a “minifilm” gate  
will prove successful, giving rise to an effect such as that 
described under “film gate” above. 

Separation during demolding, however, will be conditional 
upon the strength of the material and on a sharp-edged 
transition between the tunnel and the molded part.

3.4.2 Tunnel gate with an ancillary lug 

The same objective is pursued with the tunnel on an ancillary 
lug which is incorporated in a flat ejector. Here, the melt passes 
through the tunnel into the delta-shaped ancillary lug and is 
fed into the cavity at reduced speed and with a lower specific 
pressure, so that the pressure distribution over the gate is 
spread over a larger area and is more uniform. As a result, the 
texture above the gate is reproduced more uniformly on 
account of the lower pressure.

Fig. 15: Glove compartment lid

Fig. 17: �Reducing the “matt halo” (Tunnel gate on an ancillary lug)
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ungünstige Teilgestaltung,
Glanzunterschied,
matter Fleck /
unfavourable part design
gloss differential,
matt spot

Novodur®
Fig. 16: Glove compartment lidBild 16: Handschuhkastendeckel

Der zweite Fall tritt dann in Erscheinung, wenn gegenüber der Sichtseite
angespritzt wird. Die Sichtbarkeit des „matten Hofes“ steht in Abhängig-
keit der Oberfläche (Zunahme von poliert � strukturiert), der Werkzeug-
temperatur sowie den Verarbeitungsbedingungen. Vorgang: die niedrig
viskose Schmelze dringt mit spezifisch hohem Druck in die Struktur der
gegenüberliegenden Seite ein und erstarrt im unmittelbarem Umfeld unter
Druck, wohingegen das weitere Umfeld von der Wandung schwindet. 

3.4.1  Gebogener Tunnelanguss mit Minifilm

Bild 16 zeigt einen Handschuhkastendeckel, der rückseitig mit einem gebo-
genem Tunnel angespritzt ist und den matten Hof gemäß obiger Beschrei-
bung auf der strukturierten Sichtseite deutlich in Erscheinung treten lässt.

The second case results when the melt is injected in on the side opposite the
visible side. The visibility of the “matt halo” will be a function of the
surface (with visibility increasing from polished � textured), the mould
temperature and the processing conditions. In this case, the low-viscosity
melt penetrates the structure of the opposite side, with an inherently high
pressure and solidifies under pressure in the immediate vicinity, causing the
compound somewhat further away to shrink away from the wall. 

3.4.1  Bent tunnel gate as a “mini-film” gate

Figure 16 shows a glove compartment lid where the melt is injected into the
rear via a bent tunnel gate, giving rise to a pronounced “matt halo” of the
type described above on the textured visible surface.

Die oben beschriebene Erscheinung des „matten Hofs“ kann durch Redu-
zierung des spezifischen Druck und gestuften Einspritzprofils vermindert,
teilweise sogar vermieden werden. Vielfach bewährt hat sich hier die Auf-
weitung des Anschnittes in einen „Minifilm“, so dass ein Effekt wie oben
unter Filmanschnitt beschrieben, eintritt.

The “matt halo” phenomenon described above can be alleviated and, in
some cases, eliminated altogether by reducing the specific pressure and the
graduated injection profile. In many cases, expanding the gate into a “mini-
film” gate will prove successful, giving rise to an effect such as that des-
cribed under “film gate” above. 

Fig. 16: �Minimization of the “matt spot” on a bent tunnel gate
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Das Abtrennen während der Entformung ist allerdings von der Festigkeit
des Werkstoffs und einem scharfkantigen Übergang Tunnel/Formteil ab-
hängig.

3.4.2  Tunnelanguss auf Hilfslasche

Das gleiche Ziel wird mit dem System „Tunnel auf Hilfslasche“ angestrebt,
der in einem Flachausstoßer eingearbeitet ist. Die Schmelze tritt hier über
den Tunnel in die deltaförmig eingearbeitete Hilfslasche und wird bei Redu-
zierung der Geschwindigkeit und niedrigerem spezifischem Druck in die
Kavität eingeleitet, so dass Druckverteilung über dem Anschnitt groß-
flächiger und gleichmäßiger erfolgt. Als Folge wird die Struktur über dem
Anschnitt durch den niedrigeren Druck gleichmäßiger abgebildet.

Separation during demolding, however, will be conditional upon the strength
of the material and on a sharp-edged transition between the tunnel and the
moulded part.

3.4.2  Tunnel gate with an ancillary lug

The same objective is pursued with the “tunnel on an ancillary lug” which
is incorporated in a flat ejector. Here, the melt passes through the tunnel into
the delta-shaped ancillary lug and is fed into the cavity at reduced speed and
with a lower specific pressure, so that the pressure distribution over the gate
is spread over a larger area and is more uniform. As a result, the texture
above the gate is reproduced more uniformly on account of the lower
pressure.

Fig. 17: Minimisation of the
“matt spot” on a bent tunnel
gate

Bild 17: Minimierung 
„matter Fleck“ bei gebogenem

Tunnelanguss

Struktur /
Structure

Auswerfer /
Ejector

3.4.3  Angusssystem mit gestuftem Einspritzen

Das gestufte Einspitzen ist in der Verarbeitung ein häufig gewählter Weg,
den „matten Hof“ in seiner Intensität zu beeinflussen. Diese Maßnahme ist
auch durch die Angussgestaltung zu erreichen.

Eine Besonderheit der Angusstechnik zur Minimierung des matten Hofes
ist der Anguss mit Vorverteiler. Hier hat der gezielt, auf Durchmesser und
Länge, abgestimmte Vorverteiler die Aufgabe, den Schmelzestrom kurz vor
Eintritt in die Kavität aufzuteilen, so dass der Zentral-Schmelzestrom mit
reduzierter Geschwindigkeit in die Kavität eintritt.

Wie eingangs beschrieben, wird diese Maßnahme zur Reduzierung des
„matten Hofs“ durch Reduzierung der Einspritzgeschwindigkeit verfah-
renstechnisch ebenfalls erreicht. Da in der Praxis Werkzeuge sehr häufig
durch den Betrieb von Maschine zu Maschine „vagabundieren“, so dass
immer neue Parameter einzustellen sind, ist die Maßnahme, eine im Werk-
zeug fest etablierte Reduzierung der Einspritzgeschwindigkeit von Vorteil
(Bild 19). Die rechnerische Darstellung mit Bild 20 zeigt das Füllvolumen

3.4.3  Gating system with graduated injection

A graduated injection profile is an approach frequently adopted in practice
for influencing the intensity of the “matt halo”. This effect can also be
achieved through the design of the gate.

One special feature of gating technology designed to minimise the “matt
halo” is a gate with a pre-distributor. This pre-distributor, specially co-
ordinated in terms of diameter and length, has the function of dividing the
melt flow just prior to its entry into the cavity, thereby ensuring that the
central flow of melt enters the cavity at reduced speed.

As described at the outset, this measure for reducing the “matt halo” can
also be achieved through process engineering measures, by reducing the
injection speed. Since moulds frequently “wander” from one machine to
another within a company, making it necessary to set new parameters each
time, it is useful to have a facility for reducing the injection speed that is
actually incorporated in the mould (Fig. 19). The plots of Fig. 20 show
the filling volume after an identical filling time. It is clear that the lateral21

Fig. 18: Reducing the “matt halo”
(Tunnel gate on an ancillary lug)

Bild 18: Reduzierung „matter Hof“ 
(Tunnelanguss auf Hilfslasche)
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3.4.3 Gating system with graduated injection

A graduated injection profile is an approach frequently 
adopted in practice for influencing the intensity of the “matt 
halo”. This effect can also be achieved through the design of 
the gate. 

One special feature of gating technology designed to mini-
mise the “matt halo” is a gate with a pre-distributor. This 
pre-distributor, whose diameter and length are carefully 
coordinated, divides the melt flow just prior to its entry into 
the cavity, thereby ensuring that the central flow of melt 
enters the cavity at reduced speed. 

As described at the outset, this slowing down of the central 
melt flow with a view to reducing the “matt halo” can also be 
achieved, by reducing the injection speed. Since molds 

frequently “move around” from one machine to another within 
a company, making it necessary to set new parameters each 
time, it is useful to have a facility for reducing the injection 
speed that is actually incorporated in the mold (Fig. 18). The 
plots of Fig. 19 show the filling volume after an identical fill-
ing time. It is clear that the lateral pre-distributors are not yet 
full in this phase. Once the lateral arms have been completely 
filled, the entire volume flow is available for the central feed 
channel, causing the injection velocity to rise and ensuring 
that filling is completed with a high injection velocity.

Fig. 18: Gate design for “graduated injection”

Fig. 19: �Gate design: on the left: convential; on the right: “graduated injection”22

Fig. 20: Gate design: 
on the left : conventional 
on the right: “graduated
injection”

Bild 20: Angussgestaltung:
links: konventionell

rechts: „gestuftes Einsprit-
zen“

nach gleicher Füllzeit. Es ist zuerkennen, dass die seitlichen Vorverteiler in
dieser Phase noch nicht gefüllt sind. Nach vollständiger Füllung der Sei-
tenarme steht der gesamte Volumenstrom dem zentralen Angusskanal zur
Verfügung, die Einspritzgeschwindigkeit erhöht sich und die Füllung mit
hoher Einspritzgeschwindigkeit wird vollendet.

pre-distributors are not yet full in this phase. Once the lateral arms have
been completely filled, the entire volume flow is available for the central
feed channel, causing the injection velocity to rise and ensuring that filling
is completed with a high injection velocity.

Neues Angusskonzept mit Vorverteiler /
New gate concept with pre-distributor

Rahmen mit hochglänzender Oberfläche: matter Hof auf Sichtseite /
Frame with a high-gloss surface: “matt halo” on the visible side

Fig. 19: Gate design for
“graduated injection”

Bild 19: Angussgestaltung:
„gestuftes Einspritzen“
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Fig. 20: Gate design: 
on the left : conventional 
on the right: “graduated
injection”

Bild 20: Angussgestaltung:
links: konventionell

rechts: „gestuftes Einsprit-
zen“

nach gleicher Füllzeit. Es ist zuerkennen, dass die seitlichen Vorverteiler in
dieser Phase noch nicht gefüllt sind. Nach vollständiger Füllung der Sei-
tenarme steht der gesamte Volumenstrom dem zentralen Angusskanal zur
Verfügung, die Einspritzgeschwindigkeit erhöht sich und die Füllung mit
hoher Einspritzgeschwindigkeit wird vollendet.

pre-distributors are not yet full in this phase. Once the lateral arms have
been completely filled, the entire volume flow is available for the central
feed channel, causing the injection velocity to rise and ensuring that filling
is completed with a high injection velocity.

Neues Angusskonzept mit Vorverteiler /
New gate concept with pre-distributor

Rahmen mit hochglänzender Oberfläche: matter Hof auf Sichtseite /
Frame with a high-gloss surface: “matt halo” on the visible side

Fig. 19: Gate design for
“graduated injection”

Bild 19: Angussgestaltung:
„gestuftes Einspritzen“
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Fig. 21: �Influencing the visible weld line length by means of the  gate spacing

Fig. 22: �Four-point tunnel gate to minimize shear

Aus obigem Ansatz kann nun die Länge der Bindenaht in Abhängigkeit von
der Formteildicke und Größe des Anschnittpunktes durch Verkürzung eines
Abstandes „a“ minimiert werden.

Following the above approach, it is now possible to minimise the length
of the weld line as a function of the molding thickness and the size of the
gate by reducing distance “a”.

24

Anschnitte /
Gates

Sichtbare Bindenaht / Visible weld lines

Fließfront /
Flow front

Fig. 22: Influencing the visible welt
line length through the gate spacing

Bild 22: Beeinflussung der
sichtbaren Bindenahtlänge durch

Angussabstand

In Bild 22 ist die Anzahl der Anspritzpunkte auf vier erhöht, so dass zum
einen die Bindenahtlänge verkürzt wird und zum anderen früher eine gleich-
mäßige Fließfront erreicht wird. 

In Fig. 22 the number of injection points has been increased to four, there-
by reducing the length of the weld lines, on the one hand, and ensuring that
a uniform front is achieved more rapidly, on the other. 

Wird dies wie im Bild 23 als 4-fach-Tunnel ausgeführt, so kann zusätz-
lich durch Aufteilung des Volumenstroms die Scherung minimiert werden
bei gleichzeitiger automatischer Abtrennung des Tunnels.

If this is designed as a 4-point tunnel gate as shown in Fig. 23, then the shear
can be kept to a minimum through the volume flow being divided up, with
automatic tunnel separation at the same time.

25

Fig. 23: Four-point tunnel gate to
minimise shear

Bild 23: 4-fach-Tunnelanguss zur
Minimierung der Scherung

3.5 Influencing visible weld lines through the gating system

Any unplanned mark on the surface constitutes an unaccept
able defect, particularly in the case of high-quality surfaces. 
Weld lines are one such defect and can be a key issue when 
it comes to production with quality assurance. Every attempt 
is therefore made at the mold design stage to influence 
unavoidable weld lines in terms of their position, length and 
quality. Gating technology offers a range of options here, 
and these are set out below. 

Fig. 20 shows the weld line forming between two injection 
points. In theoretical terms, the weld line should end when 
the tangents to the flow fronts form an angle of 120°. Other 
influences also act on the visibility of the weld line: 

Factors influencing the visibility of the weld line: 
• material
• processing parameters
• mold surface
• color

Following the above approach, it is now possible to minimize 
the length of the weld line as a function of the molding thick-
ness and the size of the gate by reducing distance “a”. 

In Fig. 21 the number of injection points has been increased 
to four, thereby reducing the length of the weld lines on the 
one hand, and ensuring that a uniform front is achieved more 
rapidly on the other.  

If this is designed as a 4-point tunnel gate as shown in Fig. 22, 
then the shear can be kept to a minimum through the volume 
flow being divided up, with automatic tunnel separation at 
the same time.

Fig. 20: Visibility of weld lines23

3.5  Beeinflussung der sichtbaren Bindenähte durch das Angusssystem

Jede unplanmäßige Markierung der Oberfläche stellt eine Störung dar,
die besonders für „edle Oberflächen“ nicht zu akzeptieren ist. Bindenähte
gehören zu diesen und beinhalten großes Diskussionspotential in der Pro-
duktion mit der Qualitätssicherung. Somit wird in der Phase der Werk-
zeugkonstruktion angestrebt, unvermeidbare Bindenähte in ihrer Lage,
Länge und Qualität zu beeinflussen. Die Angusstechnik bietet hier eine
Reihe von Möglichkeiten, die im Folgenden dargestellt werden.

Bild 21 zeigt die sich bildende Bindenaht zwischen zwei Anspritzpunkten.
Nach der Theorie endet die Bindenaht, wenn die Tangenten an den
Fließfronten einen Winkel von 120° einnehmen. Die Sichtbarkeit der Binde-
naht unterliegt noch zusätzlichen Einflüssen:

Faktoren zur Beeinflussung der Sichtbarkeit der Bindenaht: 

� Werkstoff
� Verarbeitungsparameter
� Oberfläche des Werkzeuges
� Farbe

3.5  Influencing visible weld lines through the gating system

Any unplanned mark on the surface constitutes an unacceptable disturban-
ce, particularly in the case of “high-quality surfaces”. Weld lines are one
such disturbance and hold great potential for discussion when it comes to
production with quality assurance. Attempts are thus made right at the
mould design stage to influence unavoidable weld lines in respect of their
position, length and quality. Gating technology offers a series of possibi-
lities here, and these are set out below.

Figure 21 shows the weld line forming between two injection points. In
theoretical terms, the weld line should end when the tangents to the flow
fronts form an angle of 120°. Other influences also act on the visibility of
the weld line:

Factors influencing the visibility of the weld line: 

� material
� processing parameters
� mould surface
� colour

Erwartete Länge der
sichtbaren Bindenaht /
Expected length of
visible weld line

Fig. 21: Visibility of 
weld lines

Bild 21: Sichtbarkeit von
Bindenähten
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3.6 �Influencing the position and length of the weld line on 
an actual engineering component

The following lateral component of an instrument panel in-
volves the designer reducing the length of the weld line and 
shifting it into a non-critical area. 

Fig. 23 shows the approach adopted to the problem of the 
gate position, with the division of the flow paths/flow vol-
umes and the position of the expected weld lines. The initial 
check conducted on the filling situation with the aid of a fill-
ing pressure curve is particularly helpful. This provides infor-
mation, for the specific material in question, on flowability 

versus pressure requirements as a function of wall thick-
ness. The component under observation here is filled via 
three injection points after the relevant constraints have 
been assessed. Points 1 + 2 are close together as per the 
concept described under 3.5 (short weld line) and, together 
with point 3, give main weld lines which are in a non-critical 
position from the optical and mechanical point of view. The 
subsequent rheological calculation in Fig. 24 confirms the 
expectations, providing the designer not only with further  
information on mold construction but also with the necessary 
degree of security.

Fig. 23: �Determining the number of gates and the 
gate position

Fig. 24: Molded part filling in time stages (position of weld lines)
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t Einspr. /
t inject = 0.7 sec.

t Einspr. /
t inject = 1.4 sec.

t Einspr. /
t inject = 2.1 sec.

Bindenaht /
Weld line

t Einspr. /
t inject = 2.8 sec.

Fig. 25: Moulded part
filling in time stages
(position of weld lines)

Bild 25: Formteilfüllung
in Zeitstufen 

(Lage der Bindenähte)
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3.6  Praxisteil: Beeinflussung der Bindenaht in Lage und Länge

Mit dem folgenden Seitenteil einer Instrumententafel wird die Aufgabe
an den Konstrukteur zur Reduzierung der Länge der Bindenaht und Ver-
lagerung der Bindenaht in unkritische Breiche dargestellt. 

Bild 24 zeigt den Lösungsansatz in der Festlegung Angusslage; Aufteilung
der Fließwege/Füllvolumina und Lage der erwarteten Bindenähte. Ausge-
sprochen hilfreich ist hier das erste Prüfen der Füllsituation auf Basis einer
Fülldruckkurve. Diese gibt werkstoffspezifisch in Abhängigkeit der Wand-
dicke Auskunft über das Fließvermögen gegenüber dem Druckbedarf. Das
hier betrachtete Bauteil wird nach Wertung der Rahmenbedingungen mit
drei Anspritzpunkten gefüllt. Punkte 1 + 2 liegen nach dem Konzept wie
unter 3.5 beschrieben eng beieinander (kurze Bindenaht) und ergeben
zusammen mit Punkt 3 Hauptbindenähte, deren Lage optisch und mecha-
nisch als unkritisch anzusehen ist. Die nachfolgende rheologische Berech-
nung Bild 25 bestätigt die Erwartung und gibt dem Konstrukteur neben wei-
teren Informationen zum Werkzeugbau die hinreichende Sicherheit.

3.6  Industrial component: influencing the position and length of the 
weld line

The following lateral component of an instrument panel involves the
designer reducing the length of the weld line and shifting it into a non-
critical area. 

Figure 24 shows the approach adopted to a solution for the gate position,
with the division of the flow paths/flow volumes and the position of the
expected weld lines. The initial check conducted on the filling situation with
the aid of a filling pressure curve is particularly helpful. This provides infor-
mation, for the specific material in question, on flowability versus pressure
requirements as a function of wall thickness. The component under obser-
vation here is filled via three injection points after the applicable constraints
have been assessed. Points 1 + 2 are close together as per the concept des-
cribed under 3.5 (short weld line) and, together with point 3, give main weld
lines which are in a non-critical position from the optical and mechanical
point of view. The subsequent rheological calculation in Fig. 25 confirms
the expectations, providing the designer not only with further information
on mould construction but also with the necessary degree of security. 

Ziel / target:
–  Reduzierung der Länge der Bindenähte /

reducing the length of the weld lines
– Lage der Bindenähte /

Position of weld lines

Anschnittlage /
Gate position

Beispiel: Verkleidung Fahrerseite /
Example: trim on driver’s side
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Wanddicke / Wall thickness in mm
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Massetemperatur / Melt temperature:
Werkzeugtemperatur / Mould temperature:

240 °C
  60 °C

Fig. 24: Determining the
number of gates and the gate
position

Bild 24: Auslegung der
Anschnittanzahl und -lage

Vorgehen:

A. Formteil in Füllvolumina pro
Anschnitt segmentieren 
(Anzahl, Position) maximale
Fließwege ermitteln; 
Basis Fülldruckkurve:

B. Erwartete Lage der Bindenähte
prüfen

Procedure:

A. Segment the moulded part into
filling volumes per gate (number,
position) establish the maximum
flow lengths; taking the filling
pressure curve as a basis:

B. Check expected position of weld
lines
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Example: 500 mm flow length for 3 mm wall
thickness at 650 bar filling pressure
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3.6  Praxisteil: Beeinflussung der Bindenaht in Lage und Länge

Mit dem folgenden Seitenteil einer Instrumententafel wird die Aufgabe
an den Konstrukteur zur Reduzierung der Länge der Bindenaht und Ver-
lagerung der Bindenaht in unkritische Breiche dargestellt. 

Bild 24 zeigt den Lösungsansatz in der Festlegung Angusslage; Aufteilung
der Fließwege/Füllvolumina und Lage der erwarteten Bindenähte. Ausge-
sprochen hilfreich ist hier das erste Prüfen der Füllsituation auf Basis einer
Fülldruckkurve. Diese gibt werkstoffspezifisch in Abhängigkeit der Wand-
dicke Auskunft über das Fließvermögen gegenüber dem Druckbedarf. Das
hier betrachtete Bauteil wird nach Wertung der Rahmenbedingungen mit
drei Anspritzpunkten gefüllt. Punkte 1 + 2 liegen nach dem Konzept wie
unter 3.5 beschrieben eng beieinander (kurze Bindenaht) und ergeben
zusammen mit Punkt 3 Hauptbindenähte, deren Lage optisch und mecha-
nisch als unkritisch anzusehen ist. Die nachfolgende rheologische Berech-
nung Bild 25 bestätigt die Erwartung und gibt dem Konstrukteur neben wei-
teren Informationen zum Werkzeugbau die hinreichende Sicherheit.

3.6  Industrial component: influencing the position and length of the 
weld line

The following lateral component of an instrument panel involves the
designer reducing the length of the weld line and shifting it into a non-
critical area. 

Figure 24 shows the approach adopted to a solution for the gate position,
with the division of the flow paths/flow volumes and the position of the
expected weld lines. The initial check conducted on the filling situation with
the aid of a filling pressure curve is particularly helpful. This provides infor-
mation, for the specific material in question, on flowability versus pressure
requirements as a function of wall thickness. The component under obser-
vation here is filled via three injection points after the applicable constraints
have been assessed. Points 1 + 2 are close together as per the concept des-
cribed under 3.5 (short weld line) and, together with point 3, give main weld
lines which are in a non-critical position from the optical and mechanical
point of view. The subsequent rheological calculation in Fig. 25 confirms
the expectations, providing the designer not only with further information
on mould construction but also with the necessary degree of security. 

Ziel / Aim:
– reduzierung der Länge der Bindenähte /

To reduce the length of the weld lines
– Lage der Bindenähte /

Position of weld lines

Anschnittlage /
Gate position

Beispiel: Verkleidung Fahrerseite /
Example: trim on driver’s side
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Wanddicke / Wall thickness in mm

mm

Massetemperatur / Melt temperature:
Werkzeugtemperatur / Mold temperature:

240 °C
  60 °C

Fig. 24: Determining the
number of gates and the gate
position

Bild 24: Auslegung der
Anschnittanzahl und -lage

Vorgehen:

A. Formteil in Füllvolumina pro
Anschnitt segmentieren 
(Anzahl, Position) maximale
Fließwege ermitteln; 
Basis Fülldruckkurve:

B. Erwartete Lage der Bindenähte
prüfen

Procedure:

A. Segment the molded part into
filling volumes per gate (number,
position): establish the maximum
flow lengths; take the filling
pressure curve as a basis:

B. Check expected position of weld
lines
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4 Gating technology for special processes

Ever since it has been possible to use hot-runner needle 
valve nozzles in controlled (open/close) operating mode,  
the cascade technique has been employed as a special  
process to solve specific problems. This technique is aimed 
at avoiding weld lines. The chief fields of application are flat 
components with long flow paths in

• in-mold decoration (IMD)
• in-mold carpeting

4.1 Process sequence for conventional/cascade processes

The top of Fig. 25 shows a long component with conventional 
gating technology and six hot-runner nozzles in diagram 
form. This results in five weld lines during filling. The diagram 
beneath this shows a hot runner for the cascade technique, 
with seven nozzles. Filling is initiated by opening the central 
needle. When the flow front reaches needles 2/3 (left/right), 
these will open, allowing the melt to flow into the flow front and 
advancing the flow front without a weld line. 

Fig. 26 and 27 show this process as a function of pressure. 
This makes it clear that the melt in needle 2 is released under 
pressure, so that the pressurized melt meets the flow front 
from nozzle 1 with a pressure potential close to zero. This 
leads to defects on the surface in the form of “matt halos” 
with a gloss differential on both textured components and 
polished components.

Fig. 25: �Gating technology for special processes  
(cascade technique, sequence)

Fig. 26: �Gating technology for special processes  
(cascade technique, sequence 1)

Fig. 27: �Gating technology for special processes  
(cascade technique, sequence 2)

4  Angusstechnik für Sonderverfahren

Seitdem es möglich ist, Heißkanal-Nadelverschlussdüsen mit gesteuerter
Fahrweise (Öffnen/ Schließen) einzusetzen, kommt die Kaskadentechnik
als Sonderverfahren zur Lösung spezifischer Aufgaben zum Einsatz. Die
Vermeidung der Bindenähte ist das Ziel dieser Technik. Bevorzugte Ein-
satzgebiete sind flächige Bauteile mit langen Fließwegen und für die Hin-
terspritztechnik:

� Inmold Decorating (IMD)
� Inmold Carpeting (IMC)

4.1  Verfahrensablauf konventionell/Kaskade

In Bild 26 oben ist schematisch ein langes Bauteil mit konventioneller
Angusstechnik über 6 Heißkanaldüsen dargestellt. Dementsprechend er-
geben sich bei Füllung 5 Bindenähte. Bild unten mit Heißkanal in Kaskaden-
technik arbeitet mit 7 Düsen. Die Füllung wird durch Öffnen der zentralen
Nadel eingeleitet. Erreicht die Fließfront Nadel 2/3 (li/re), so werden diese
geöffnet, die Schmelze fließt in die Fließfront ein und treibt diese ohne
Bindenaht voran.

4  Gating technology for special processes

Ever since it has been possible to use hot-runner needle valve nozzles in
controlled (open/close) operating mode, the cascade technique has been
employed as a special process to solve specific problems. This technique is
aimed at avoiding weld lines. The chief fields of application are flat com-
ponents with long flow paths in

� in-mold decoration (IMD)
� in-mold carpeting (IMC)

4.1  Process sequence for conventional/cascade processes

The top of Fig. 26 shows a long component with conventional gating tech-
nology and six hot-runner nozzles in diagram form. This results in five weld
lines during filling. The diagram beneath this shows a hot runner for the
cascade technique, with seven nozzles. Filling is initiated by opening the
central needle. When the flow front reaches needles 2/3 (left/right), these
will open, allowing the melt to flow into the flow front and advancing the
flow front without a weld line.
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Werkzeug-Kavität /
Mold cavity

Anzahl Heißkanaldüsen /
Numer of hot runner nozzles

Konventionelle Füllung: Bindenähte /
Conventional filling: weld lines

Kaskaden-Füllung: ohne Bindenähte /
Cascade filling: no weld lines

Werkzeug-Draufsicht / View of mold from above

Fig. 26: Gating technology for
special processes
(cascade technique,
sequence)

Bild 26: Angusstechnik für
Sonderverfahren

(Kaskadentechnik, Ablauf)

Bilder 27 und 28 zeigen diesen Vorgang als Funktion des Druckes. Hiermit
wird deutlich, dass die Schmelze in Nadel 2 unter Druck öffnet, so dass die
druckbeladende Schmelze auf die Fließfront aus Düse 1 mit dem Druck-
potential nahe Null trifft. Hierdurch treten Störungen der Oberfläche in
Erscheinung, die bei Strukturteilen und auch polierten Formteilen als matter
Hof oder mit Differenzen im Glanzgrad zu deuten sind.

Figures 27 and 28 show this process as a function of pressure. This makes
it clear that the melt in needle 2 is released under pressure, so that the pres-
surised melt meets the flow front from nozzle 1 with a pressure potential
close to zero. This leads to disturbances on the surface in the form of  “matt
halos” with a gloss differential on both textured components and polished
components. 

29

Formteil (Wanddicke) /
Molded part (wall thickness)

Phase 1 (Nadel geöffnet) /
Phase 1 (Needle open)

Druck / Pressure

Fließweg / Flow length

Düse 1 /
Nozzle 1

Düse 2 bis X /
Nozzle 2 to X

Schmelzefluss (natürlich balanciert) / Melt flow (naturally balanced)

Nadel geschlossen /
Needle closed

Formteil (Wanddicke) /
Molded part (wall thickness)

Druck / Pressure

Fließweg / Flow length

Düse 1 /
Nozzle 1

Düse 2 bis X /
Nozzle 2 to X

Schmelzefluss (natürlich balanciert) / Melt flow (naturally balanced)

Phase 1 (Nadel geöffnet) /
Phase 1 (Needle open)

Phase 2 (Nadel öffnet unter
Druck – Druckabfall) /
Phase 2 (Needle opens
under pressure – pressure
reduction)

Bereich mit
Oberflächenstörungen /
Area with surface defects

Bild 28: Angusstechnik für Sonderverfahren (Kaskadentechnik, Ablauf 2)

Fig. 28: Gating technology for special processes (cascade technique, sequence 2)

Bild 27: Angusstechnik für Sonderverfahren (Kaskadentechnik, Ablauf 1)

Fig. 27: Gating technology for special processes (cascade technique, sequence 1)

number of hot runner nozzels
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The engineering component was then developed employing 
the basic principle of the cascade technique. Panels like the 
one in Fig. 28 are injected with cosmetic considerations in 
mind, exploiting the flowability of the selected plastic. The 
component shown here is filled by means of two hot-runner 
nozzles. Eighty percent of moldings are produced in white,  
in response to market requirements; the weld line that forms 
between the injection points is not critical. 

The weld line could not be tolerated on the brown and black 
parts that were also to be produced with this mold. This  
led to moldings requiring a higher level of finishing work.  
An increase in demand made it possible to build a new mold 
with a new gate concept. 

As shown in Fig. 29, a hot-runner concept was selected  
in order to displace the weld lines. This operates with three 
needle valve nozzles. 

30

Auf Basis des Grundgedankens der Kaskadentechnik ist das Praxisteil im
Folgenden entstanden. Kastenförmige Blenden wie im Bild 29 werden unter
kosmetischen Gesichtspunkten bei Ausnutzung der Fließfähigkeit des aus-
gewählten Kunststoffes angespritzt. Das hier vorliegende Bauteil wird mit
2 Heißkanaldüsen gefüllt. 80 % der Formteile werden entsprechend der
Marktnachfrage in weiß gefertigt; die zwischen den Anspritzpunkten
erscheinende Bindenaht ist unkritisch.

The industrial part was then developed employing the basic principle of the
cascade technique. Panels like the one in Fig. 29 are injected with cosmetic
considerations in mind, exploiting the flowability of the selected plastic.
The component shown here is filled with two hot-runner nozzles. Eighty-
percent of mouldings are produced in white, in response to market require-
ments; the weld line that forms between the injection points is not critical.

Fig. 29: Gating technology
(front  panel of a dishwasher)

Bild 29: Angusstechnik
(Frontblende Geschirrspüler)

Für die ebenfalls mit diesem Werkzeug zu fertigenden Formteile in braun
und schwarz war die Bindenaht nicht zu tolerieren. Formteile mit erhöhter
Nacharbeit waren die Folge. Die gestiegene Nachfrage ermöglichte den Bau
eines neuen Werkzeuges mit einem neuen Angusskonzept.

The weld line could not be tolerated on the brown and black parts that were
also to be produced with this mould. This led to mouldings requiring a
higher level of finishing work. An increase in demand made it possible to
build a new mould with a new gate concept.

Bindenaht im
Sichtbereich /
Weld line in 
visible area

Aktuell:
2 Anspritzpunkte /
Current situation: 
2 gating points

Fig. 28: �Gating technology (for the front panel of a dishwasher)

Fig. 29: �Gating technology – for the front panel of a dishwasher  
(wall thicknesses and hot-runner diameters)
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Wie mit Bild 30 gezeigt, wurde zur Verlagerung der Bindenähte ein Heiß-
kanalkonzept gewählt, dass mit 3 Nadelverschlussdüsen arbeitet.

As shown with Fig. 30, a hot-runner concept was selected in order to
displace the weld lines. This operates with three needle valve nozzles.

Fig. 30: Gating technology – front
panel of a dishwasher (wall thick-
nesses and hot-runner diameters)

Bild 30: Angusstechnik –
Frontblende Geschirrspüler (Wand-

dicken und Heißkanal-Durchmesser)
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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.

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 suita-
ble 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 infor-
mation 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 informa-
tion. 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.

With respect to health, safety and environment precautions, the relevant Material Safety Data Sheets (MSDS) and product labels must be observed prior to working 
with our products.

The diameters selected and the delayed opening of the 
nozzles ensure that the flow fronts meet in the non-critical 
side section during filling (Fig. 30). An angle of >120° develops 
between the flow fronts after just a short distance so that 
the weld lines are also very short. 

Fig. 31 shows the result of the optimization: by using three 
controlled needle valve nozzles, it has proved possible to 
produce the part without a weld line in the visible section.

5 Conclusion 

While the requirements imposed on producing plastic parts 
with a quality look, and hence the outlay involved in achiev-
ing such a look, increase naturally as a result of competition, 
they are also being increased to a significant extent by the 
growing complexity of the components themselves. The 
gating system is just one of many factors influencing surface 
quality. The reproducible production of high-quality surfaces 
requires not only knowledge of the design of gating systems 
but, in many cases, the adoption of an unconventional 
approach. This Technical Information Sheet deals with the 
requirements imposed on gating systems designed to 
achieve high-quality surfaces, together with the measures 
necessary to eliminate surface defects and the use of 
special processes.

Fig. 30: �Gating technology – for the front panel of a dishwasher 
(filling series)

Die Auswahl der Durchmesser und das verzögerte Öffnen der Düsen ergibt
nun eine Füllung (Bild 31), deren Fließfronten im unkritischen Seitenbe-
reich zusammenkommen. Bereits nach kurzer Strecke ergibt sich durch
Wanddickenanpassung ein Winkel > 120° zwischen den Fließfronten, so
dass die Bindenähte zudem sehr kurz sind.

The diameters selected and the delayed opening of the nozzles ensure that
the flow fronts meet in the non-critical side section during filling (Fig. 31).
An angle of >120° develops between the flow fronts after just a short
distance so that the weld lines are additionally very short. 
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Lage der Bindenaht /
Position of weld line

Fig. 31: Gating technology – 
front  panel of a dishwasher
(filling series)

Bild 31: Angusstechnik –
Frontblende Geschirrspüler

(Füllreihe) Fig. 31: Front panel of a dishwasher
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Neu: Kaskadentechnik
mit 3 Anspritz-
punkten/Düsen /
New: cascade
technique with three
injection points/nozzles

Ohne Bindenaht
im Sichtbereich /
Without a weld
line in the
visible range

Fig. 32: front  panel of a dishwasherBild 32: Frontblende Geschirrspüler

Figure 32 shows the result of the optimisation: by using three controlled
needle valve nozzles, it has proved possible to produce the part without a
weld line in the visible section.

Bild 32 zeigt das Resultat der Optimierung: Mit 3 gesteuerten Nadel-
verschlussdüsen ist eine Teileproduktion ohne Bindenaht im Sichtbereich
realisiert worden.


