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����& ��� ������� ������&��+���� ���� 
��� $����������������������4 ����
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1�� *�0���������� ��� ��� ���"���
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���� ��� ��!��������������� 1�&����� 
������� ��� ����+������� < ��& '-������
��� "�& 1������������� < !����� $�&��� 
��������������� �������0������
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������� 1�0��&�������4 5�������������4
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!����� ��� !����� �������� !��������!� 
����� :>4 ?;� 2���� "���� ��� ��������� 
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�����&����� "� ������0���&�� ����� ���
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������+���� ������&��+���� $��&��"���� 
������� �& '-�������
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"� ��� �������4
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����� ������ B � ���

� $�&&� ����� 	9��� � #���&�������&� ��
����& (����� B ��

1�� 5)��&������ ��� $����&��� < 0��� C� 
�� ���"���� ������ ��� �������&� < �� 
0���� �������� ����� ,�&)������&�������
��� 6����)�������� ��� D�������&��� 
���� *�+�� ��� 3��������� ��� ������ 
������������&����� ��� ��� '�&�������
��� ��������� 3��������� ��� 1������� 
������ ��� ��� #��!���"��� �& 3���&� 
�%���& ��� ���������� 2���������

'�� 8���!���"��� &��� �� ��� 8����
0��� &������ ����������� ��������� ����4
���� 0��� ����� #��������������&)����� 
��� ��� ��������������"�� 6& 7������ 
0���� "!������ 1����������� ��� #�� 
!���"��� ���� �� 2�������� ����������
.&��������� ���� #��"!�������� �� 
!�� 0��� ��� ������������������&�����
#��!���"������������ &���� !�������� ���
������ 1������������� 6� 2�������� ���
������� E���0�����F ����+�������� ���� 
��� ������� �������� 1������������ ���
���� ���������� #��!���"��� #������ �� 
����

1�� $���������!����������� �������
����� ����� G� �4 ������ ���� ��� ���<� ��� 
���4 ��&�� ���� ������������ ���� 
������)�������� 0��� ��"�)������ �� 
������ ��� ����!������ ������� 1�� �����
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2���� ��� $��&��"� �� ����� 8��������
���� 8���������� �������4 !��� ��� < ���
���-����� �������� ��� '-������� ���
��& 7�����&4 ��� 500��� *��������
���� /����)���"���)0�� ��� ��� ������ 
���� '���)������ < ������������ 1�� *��
��� #������������ ����"������� ��� 2�� 
���� *��� ���� ��������� ����� 2�����
���� ��� #����������%���& ����������� 
���� �����
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����� ��� ��� "� ����� $��&��"������� 
������� &�� ����� ��0 ����� 7%������ �� 
���������� 2����������"����� &�� �������� 
+����& ��������������� 	(������������ 
������������ 1�"!������ ������ *��0��� 
������ &�� ����0���������"!������
)��� &������ (������������ )��� ������ 
��������� &�� ���+�� ��������"����

1�� #������+����� ��� ���&���������
�������������� ��� 0��� ,��-��������!��� 
"���� &�� ����� ����������� ���������
'��������������� ����� $��&��"��������
��� 2�0������������������ ��� ����� 
����� 2�������� :?;� 1������ ��������
)�������� ���� ������������%���&� 0���
8���� ����� ��0 ��& ��������������� 
)���"�) < �������&&�� ����"���� 0���
�#, .�
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*�+�� ��� ���&��������� ������������ 
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�������������������� �� 2���������
1�� ��!������� ������������ #��0�����
!�� #������&�� ���� #��������� !�� 
��� "����&��� 0��� ��� $����" ��� �&

����"������ ��������� #����� ������������
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��� ��!�������� 8�����00�)�����& �������
*�0���������� �������� !����� 7�� #�� 
&������ ��� �� ��������� '���������� 
�00���� !����� ��0��� ������ ����������
3����!������00� &�� ����������� 9��� 
0��������� 0��� ��� ������ 2����������� 	>
��� J �&� ��������� 	"�2� K�GG,�#���
��L
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>�I��
7�& $����" ����� (�������� �������

��+�� ��& '�����" ��� ���� ��� ������ 
������������ $������� ���� 2���������� 
��� &�� �����)��%&���� ��������"� !�� 
���� 1��)���������������� ��� ,�� 
&���� =����� 	=����� ����)��� =��� &��
������������& �9�' ��� ������ ������ 
�������� ������� ����� ���� ��!������

1��&������������ (��������00���������
	> ��� G �&� &�� ����� H�����4 ����&
���� ��������� 8����������00�"������
��� ����������� '�����"����� ����������
0��� ��� 7����0� ��������������4 !��� ���
���� ����������� )���������������� 
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!���"����� ��� $)��������� ����� ����
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��� ����� ,��-�������� 	2������� 
����� � ������ 0��� ��� H���������� ���
��+�� ������������� 8����� ��� �"!�
������������� !������ $�� !����� ��� 
�)����!���� ���!����� ��� ��� H������ 
���� ��� �' H1 8����� &�� ����� �� 
$������ ��� $����" ��� ��� �����������
#���������

*� ������ $����� ��� ��0 ��� 2��������
��� 2������� "!������ #�������%���&
��� 1���� �����!������ '� �&)0�����
����4 ��� ��������� ���+�� (�������� 
&�� ���"������4 ��� ���� *��������� 
���&� 1����� !���� ���� ����)����!����
)������ ��� ��0 ��� #��������&��+�����
��� &��)����������� $������� �����&& 
��� �� 9%)�� 	������ 5���0�������� ����
��0 ��� *���� ��� *�������� ��� $)�� 
������ ��������� ��� ��&������ 8��� 
!������00�� 	�' �4 �' �����

'��� ������ �������4 (�������00�����
&�� ����� ���+���� 1���������� ���"� 
�������4 ��� ��� .&&������ �����0����� 
��� ��� ���������� 8���� &�� H��0� ���
/����)���"���)0��4 �������� ��� .&&�� 
������ ��� $���������� ���� (������

1�� 8���!���"����4 �� &�� ���� ����
,��-��������&����4 ����� '��������� 
��� 0��� ��� ���������� ��� 8���� &��
���������0�� �� ��� ���� ���� �� ���
.&&��������� 7�� (���"�������� ���
"!��������� ������������ !����� 0��� 
!���� 1�))�������0�� �����������
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*��� 0��� ��� *�0������� ����� �������
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������� 7�� '�"������ ����� ��������� 
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�������0��� ��� ���� ��� !���������
7!���������!���"��� ���"�"������ 9%)� 
����� 2���)��� 0��� ����� ����������))�
���� $����" �"!� 6����������������� 0���
3���0��������� ��� �' H1 &�� �����
���-���������� ������� $������ ��� �'
&�� $������ ��� 3����&����� 	2���>�� 1��
$��&��"� ��� *�+��������� !��� �����
����� $�������������4 ��� ��& ��� *�"���
��� 2�������� ��� ������� ������ ���+
���4 ��������� 1�� �������� ������)�����
6�������&��"� !��� &�� ����� #�� 
���������� ����� 8���������� ��� �� 
������+����� ������������� 7��������
���������

1�� ������� 2����� !��� ��!����� 0���
�' (��������� &�� ����� ������� !��+��
(����������� 0��� ������� (�&������)�� 
���� ��� 0��� ������ "!�������� 8����4
��� ����� ��� 6����������� ���������
'��������0��� ��0!�����

2�� $%���&�� 0��� "!��!������ ���� 
����� 	����� �����4 ��+�� ��!����� &��� 
��� ��� '���)�������� ��� #����������� 
����� ��+������ ��� 7�����&� ������4 �&
"�2� ��� 6����������� ��� (����!�������� 
������ "� ��&���������� 1��� !�����
��� $��&��"�� ������ $�������� &�� �� 

��� (�&�������� ��� 2��������4 8��� 
��������4 2����������"���������� 	(������ 
������� ��� ������� ���������
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1��������������� !����� &�� *�&����� 
��� ��� !������ �����&����� "�2� 0���
��� ����"��������� ���� *���&������ 
������� ������������ '�� ������� 3�����
���� (���������4 (���������"����� ����

1��������� &�� 1����&������ ��� ��� 
"��� ��� "� I>�&&�

*�+�� ��& 2��)���"�) ���� ��� *��
��� 7���&&��0������� ��� $��&��"��
��� ��� ,��-������� < ��M���"����4 �� �� 
��& ����� ���� �� ����� (�&��������
&������� $%���&� < ��� �&����� ���+��
2�������� 0��� ��� H�0����4 ��� *����� 
���� ��� 3���"0������� ��� ��� ������ 
���0��������� ��� 3���&��%���&� �����

1�� �� 2���? ��"����� ����"��� �����
"�� H���������� ��� ��+��������"���� 
������ ��� �' K &�� '#5H *�+�� 
������� ��� "!��������������& H�0���� 
&������� 1�� ������ 1������������� < ���
��� $���� ������)���� ��� ����� 2����� 
���4 (������������ ��� ������� ��������
< !����� "�������� 0��� ��� 2������ �����
�������� 7!����������������&��� "���& 
&����������� '��� ���" ��� ��& 1����� 
�������� !����� ��� ������� ��������
1������&��"�� ��0 ��� ������ �������
�' $��&��"� ��0������4 �& .&���� 
������ "� ���&�����4 ��� ���� ��� ��� 
+�� #������������������������ �� ���� 

��������������&����� ������� ��������
'#5H 2������������� ��0 �' K 8�� 

��� ������� ���� �� ����& "!����� ����
"!����� ��� ������� $������ &�� .&&�� 
�������!���"����� ��0�������� !������

1�� �� 2���G ������������ 1���������� 
!���"��� 0��� ��������� ����� ��� 7� 
��&&��0������� ��� $��&��"�� �� �� 
��& ����� ���� 6� ��������������� ��� 
��� ��� ����"��� ��� ��-)����� 1�� 
���� ��������� �� ��� �������� 9����������
&�� ������ #���������� �& 2�����

2���I "���� ��� ����"��� 0��� �������� 
�� ���%���0�� 8���� &�� "�������& *� 
������� ��� H��)��-������� ��� ������ 
���� *�������� ��� =�����-�������
&�� ����� #��"!������ ��� $��&��"� 0���
��� 6���� ��� ��� *�+���������� *���

���%� &�����	��	��������!
���� ��' ���	�����!���	��

���(� &�����	��	��������! ����
������	��

���)� &�����	��	������
���! ���� &�����
 *$ ���

��	���� �� + �������	��
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���� ��������������� !����� ���� ��� 
�)��������� #�����"!�������� ������
��� 2�������� �� ��� ������� ���)�����
2���)���� 0��� ��� *�!������ �������
$%���&� ���� �' (���������"����� &��
8�"%���� �� ��� ������������� ���� �� 
$����&����������

1�� ���� $���������������������� �� 
��� ����� ���������������������� ��� 
���������� 1���������� �' 8���� 1= �G�
��� 2���J "� ������&��� 1�� $��������� 
��� < ����� ��� ��+�� �' H1L!��+
��� �& (��� 1$1 8�"%����L���!��" <
��������� C�!���� �� 3���"�� ��� !��� 
��� ��� �4�G&&�
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Diesfür Multi-Iayer Pipe Extrusion
Designing Spiral Mandrei Dies

Peter Fischer, Troisdorf/Germany

The outstanding advantages of spiral
mandrei dies are evident above all in the
uniformvolumeflowand - as a result -

in the uniform wall thickness distribution
with no weid lines or otter surface de-
reets. Modern concepts and designs must
satisfy a number of additional key crite-
ria with regard to

11>rheology,
11>thermodynamics and
"" operational engineering.
The requirements in the latter category
are particularly important far the user,
who wants start material and colour-
change times as weil as ease of assembly,
dismantling and cleaning.

All these criteria are fulfilled by extru-
sion dies with spiral mandrei distribu-
tors, and in most respects are significant-
ly better than otter die types such as spi-
der-type dies, dies with spider-leg distri-
bution and lattice baskeHype dies.

I Simulation

Computer simulations are used to achieve
correct dimensioning of the flow chan-
nels - tram the extruder to the die ori-
fice.

For conventional one-component flows
in circular channels and in annular and
slit dies, it is sufficient to use simple one-
dimensional models and equations, as-
suming stationary, isothermal conditions.
The calculation of multi-layer flows and
elastic deformations, orientations, swel-
ling etc. is more complicated, and this
can involve spending considerably more
time - generally unnecessary - on the
calculation process [2].

Two-dimensional models or networks
have proved successful far the computa-

Translated from Kunststoffe 91 (2001) 8,
pp. 142-145

Spiral man drei dies have significant advantages over otter systems für the
production of multi-Iayer pipes. In fact, same product developments have
only really become possible as a result of this concept. Multi-Iayer pipes
can be produced not only by the coextrusion technique, hut also by sheath-
ing with crosshead dies. Here, tao, spiral mandrei dies have certain advan-
tages. This article deals with various principles für designing spiral
mandrei dies, reporting on systems that have teen used in practice and on
the experiences gained with them.

tion of spiral mandreI geometries, and
they are the subject of constant further
development [3, 4]. Fig.l shows the func-
tional principle of a spiral mandrei die
with an overlap of axial and spiral flows
to produce melt streams, distributed in
the shape of acrescent over the circum-
ference, and leading finally to uniform
melt distribution in the extrudate.

The network model shown in Fig.2 is
based on three main principles:

11>Complete network in accordance with
the Kirchhoff law, perpendicular to the
spirals,

"" Sum of all (partial) pressure losses in a
mesh = 0 and
Sum of all (partial) volume flows in a
point of intersection = O.

Optimizingof the flow - tor each indivi-
dual spiral and in total - is düne iterative-
ly by computer simulation and interpreta-
tion of the leakage flow curves. Important
aspects, apart tram the geometry of the
spiral mandrei distributor, are the deter-
mination and adjustment of the pressure
lass and residence time in the overall sys-
tem.

A die must, as a rule, be optimised tor
a number of different materials, making
allowance tor their respective processing
temperatures and melt throughputs.
Where a conflict exists between pressure
lass and residence time, residence time
criteria may be more important than local
pressure losses in areas containing criti-
cal deflections or flow branches, and also
tor the spiral geometry, whereas low
pressure lasses may take precedence in
bored holes and otter simple flow chan-
nels, with astilI acceptable residence
time.

Ta ensure adequate wall shear stresses
tor acceptable material and colour-
change, the shear rates should not be be-
low 5 S-1 - preferably around 10S-1.The
tipper limit is normally around 50 S-1.

I Melt Pre-distributors

Before the melt reaches an annular chan-
fiel or annular channels, it is predistribu-
ted - tram the centre when the extruder
is in a coaxial position, and tram the side
in the Gase of an offset arrangement or
crosshead design. The nature of the pre-
distribution depends on the construction,
although the predistribution system may
differ even within Olletype of model.

With spiral mandreI dies, the spectrum
extends tram the traditianal manifold in
which each spiral is red tram Olledrilled
hole (star-type), to a melt predistributor
which has a coathanger die mounted on a
care mandreI, with a subsequent spiral
manifold. Between these two extremes,
there are designs with multiple pre-
branching plus several coathangers plus
spiral mandreis with a large number of
spirals.

Increasing the geometrie degree of
freedom is of special importance tor coex-
trusion dies with their construction-re-
lated restrictions through melt channels
and fixing screws [4]. Ihis is why virtual-
Iy all multHayer systems tor pipes are
nowadays based on the spiral manifold
principle - excepttor dies tor PVC-V.

I Materials and Surfaces

Apart tram the geometrie degrees of free-
dom, the surface and coating techniques
are also gaining significance. The proven
galvanic coating processes like chrome
plating or nickel plating are being used
increasingly tor the customary steels
used in die making (e.g. C45 or C60).

Depending on the application, otter
coatings with better anti-corrosion, fric-
tion and adhesive properties mayaIso be
attractive tor extrusion die technology.

Surface layers of chromium nitride
(CrN)applied by the PVDprocess [5], have



given particularly good feStlaS whenever
higher speeifications are made in multi-
layer dies due to a wider range of raw ma-
terials. To avoid the so-ealled eggshell ef-
feet, higher strength base materials with
sufficient hardness für the thin coating
(3-7 I-tm)are needed (e.g. XI55CrVMoI2.1
/ DIN 1.2379,X36CrMo17/ DIN 1.2316).

To proteet against corrosion, eoatings
with fluoropolymers ean also be used in
addition to rust and acid-resistant grades
of steel. Dispersion eoats of ehemical
nickel (nickel phosphorus NiP) with inte-
grated PTFE and its anti-adhesive effect
have given good feStlaS.

Diamond-like carbon layers (3-5 I-tm)
with high hardness, very low coefficient of
friction and sufficient elasticity, seem to
be a highly promising option tor the future
once the remaining teehnieal production
requirements in large plants ean be satis-
ried. So-called DLC coatings (Diamond-
Like Carbon) have already proved their
suitability für praetical applications in
eable sheathing dies and spinnerets [6].

I One/Two-Layer Pipes

One-Iayer dies can be retrofitted für the
production of externally coated pipes by
the incorporation of a eoextrusion (coat-
ing) module. Such dies are used, für ex-
ample, für the production of PE-HD pipes
with an outside skin layer of PP to pro-
tect pipes installed in the soil.

At this point, it is worth referring to
the impartance of the area between the
manifold system and the die. It is advisa-
ble to have a sufficiently large channel
volume to dissipate stresses ete. This
space has a positive influence, für exam-
pie, on making the morphologieal struc-
ture of certain PP grades mare uniform
(smooth surfaees) ar für breaking down
and balaneing out stresses, partieularly
with bimodal pipe materials (PE 80, PE
100).

Another method of producing plastic
pipes with an external skin layer is to
sheathe prefabricated and marked pipes
with the aid of crossheads, similar to the
sheathing of steel pipes or cables.

Pipe dies, with or without a eoextru-
sion module, feature devices für marking
the pipes with eoloured stripes in the
wall or in the sheathing.

In some cases, double stripes are used
für labelling the two-Iayer wall strueture.

I Two-Layer Pipes

Additional modules ean also be produeed
für applying an internal layer. However,
to obtain good product properties, a true
two-Iayer system should be used. A typi-

cal example of this product group is a
two-Iayer PE-HD pipe für the ducting of
fibre optic telecom cables. The inner co-
extruded layer is of PE containing sili-
cone as a slip agent (Fig.3). The melt für
the outer layer is distributed by a star-
shaped manifold, with the same number
of drill holes as spirals. The inner melt is
ted in tram the side and is distributed
with a melt predistributor via eircular
channels, followed by a similar kind of
arrangement.

The same design is used für PE sewer
pipes with a white inner layer für better
TV camera inspection as weil as für otter
two-Iayer pipes in which the inner layer
must have special properties.

In the case of systems für double-wall
corrugated pipes (smooth inside, eorru-
gated outside), the melt feed ports and
predistributor ehannels must be posi-
tioned outside the centre in order to allow
the installation of water eooling pipes etc.
Melts für bott layers are distributed with
a combination of holes, eircular channels,
coathangers and spirals.

I Three-Layer Pipes

Three-Iayer pipes are produeed in sizes of
just a few millimetres, e.g. für the medi-
cal and automotive industry, to up to
360 mm tor sewage pipes, cable conduits
or pressure pipes.

Apart tram the design principle, the
war the melts merge during eoextrusion
- either sequentially,at a singlepoint, or
a combinationof bott - is of eminent im-
portance für the adhesion, formation of
interfaces and servieeability of the sys-
tem as a whole.

The die shown in Fig.4 was designed
für the production of underfloor heating
pipes made of PE-X with an outside
EVOHcoating and an intermediate adhe-
sive layer. The two thin layers - ted in
from the side and distributed by drill
holes,coathangersand spirals - are initi-
ally brought together to build up a stahle
flow: Shortly befare the die exit, the low-
viscosity top melts are laid on top of the
higher viseosity PE melt in order to pre-
vent any undesirable rearrangements that
may oecur when significant differences
exist in viscosity with multi-Iayer flows.

EVOHcoatings on PE-X pipes can also
be applied in a second or seeond/third
step with sheathing dies.

The three-Iayer die für corrugated pipes
shown in Fig.5 provides für the merging
of the melts at Olle point. In corrugated
pipe units, the die constitutes the fixed
point, which means that it needs a rigid
support and floor mounting.
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Fig.6 shows a die für three-Iayer poly-
olefin pipes with a central conneetion of
the maiD extruder and a side arrange-
ment of the aneillary extruder with a
branching of the melt für the inner and
Guter layers. All three spiral mandrei
manifolds are fed directly tram boreholes
in the spirals after predistribution of the
melt streams. Examples für the applica-
tion of such systems are PE conduits with
reeyclate in the middle layer or PP foam
core pipes.

The good layer thickness distribution
of a three-Iayer DN 150 PE pipe produced
under normal production conditions is
shown in Fig.7.The layer thicknesses -

inside and outside PE-HD/white with
DSDrecyclate/blackin the core - varyby
margins of less than 0.05 mm.

To enhance the flexibility of the die
system - für examplefür the changeover
tram thin/thick/thin struetures to thin/
thin/thick - interchangeablemodulescan
be positioned Olle after the otter, al-
though only when sequentiallayer forma-
tion is possible.

I Five-Layer Pipes

Five-Iayer spiral mandrei dies are used
für the production of PE-X hot water
pipes, für automotive tubing based on
polyamide and otter, generally small
pipes and hoses. Fig.8 shows the eom-
pact design of a system with spiral man-
dreis, in which the three inner materials,
e.g. a barrier plus two eoupling agents,
are first joined to form a stahle flow and
then the thicker inner and Guter layers
are added.

A maiDextruder - in this case tor the
inner layer - is generally eonneeted cen-
trally in the axial direction. The otter ex-
truders are connected on the side or on
the top of the die. Through a side ar-
rangement of all the extruders, a free
area can be created in the centre, e.g. für
introducing pull wires or tor the sheath-
ing of strands.

A five-Iayer die can also be assembled
in modular form tram a building set, e.g.
depending on the produet, with a package
of concentric and otter spiral mandreis
arranged Olleafter the otter.

I Conclusion

No otter construction principle afters any-
where near as many possibilities für pipe
extrusion dies as the spiral mandrei tech-
nology. The advantages are, on the Olle
hand, the reliable and eeonomieal produc-
tion of the pipes, and on the otter, the
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wide variety of possibilities für product de-
velopment. The dies can be designed für
allproductand productionrequirements-

except für processing PVC-V.
SinGethe PE and PP pipe market will

continue to grow constantly over the next
few years and pipes made of engineering
plastics will also increase their market
share - not least because of the advan-
tages of multi-component systems - the
extrusion dies presented in this article
will continue to gain in importance [7].
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