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t  is  state of  the art  to produce pipes or tubes having the

same diameter but a s l ight ly di f ferent wal l  th icknesses

without changing the die. ln order to achieve different wall

th icknesses, the haul-of f  speed is s imply changed, but as a

consequence, the molecular or ientat ion also changes with

di f ferent wal l  th icknesses. This is of ten not desired, as i t

leads, for  example,  to varying shr inkage values of  the f inal

products.

An opt imum die gap is part icular ly advantageous i f  the

molecular or ientat ion between die and cal ibrat ing uni t  is  to

be kept low, in order,  for  example,  to minimize shr inkage. l t

wou ld  na tura l l y  a lso  be  des i rab le  i f  th is  add i t iona l  op t ion  in

process engineer ing is not achieved at  the expense of  a far

more complex head construct ion-and also i f  the ease of

opera t ion  and main tenance is  no t  impa i red .  T i l t ing  tech-

nology, developed to al low for a more accurate and speci f ic

center ing of  a head, has created new boundary condi t ions

for being able to adjust  the die gap easi ly.1,2,3

Tilt ing Technology
With t i l t ing technology, heat-resistant (up to 300'C) elas-

tomeric seals are used to seal the gap between the head and

the die (see Figure 7). The die can now be ti l ted, instead of

being shi f ted,  to center the die in relat ion to the mandrel .

Tilt ing offers a whole range of interesting benefits, com-

pared w i th  convent iona l  meta l l i c  sea ls .  S ince  the  d ie  no

longer has to be shifted back and forth, a tight f it can be cre-

a ted  be tween d ie  and head so  tha t  the  d ie  can on ly  be

installed centrically. The pre-centering of the die that was nec-

essary to-date af ter  c leaning a head can thus be total ly

el iminated. In order to ensure the reproducible compression

of the t i l t ing seal  necessary for  re l iable seal ing,  the die has

a simple bayonet fitt ing. Eccentric differences in thickness of

the extruded products can be reduced by t i l t ing the die.

Figure 1: Disassembled t i l t ing die showing the special bayo-

net closure and the elast ic t i l t ing joint

This is current ly performed in a t ransi t ional  phase using

axially arranged adjusting screws (Figure 2).

The f inal  goal  is  to enable a motor ized solut ion so that the

center ing can be performed from the control  cabinet of  the

extrusion l ine.  This immediately al lows for a more precise

center ing,  and opens up the possibi l i ty  that  an opt imized

position, once found, can be exactly reproduced at any time.

When restart ing the head af ter  i t  has been cleaned, the die

can be immediately brought back exact ly to the same posi-

t ion that i t  possessed dur ing the last  product ion.

In extrusion blow molding, a motorized adjustment system

al lows the die to be t i l ted dynamical ly-even dur ing the dis-

charge of  the par ison, for  example,  in order to take account

of the different stretch ratios on the inside and outside of the
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Figure 2: Tilt ing die in operation showing one of the small
axially arranged adjusting screws having a special f ine pitch
for a sensitive ti l t ing of the die

curve when producing curved tubes and pipes (Figure 3).
When t i l t ing  the  d ie ,  the  e las tomer ic  sea l  i s  s imp ly  com-
pressed sl ight ly more on that posi t ion where the die gap is
to be reduced. The gap of  the f low channel  on the opposi te
s ide  is  accord ing ly  in  the  same t ime increased by  the  same
amount .

But t i l t ing technology has not only overcome the disad-
vantages associated with the conventional centering solution,

Figure 3: Unit to retrofit the ti l t ing technology to an existing
six-cavity head having twelve stepper drives to ti l t every die
indiv idual ly

i t  has also led to a s impl i f icat ion of  the construct ion of  annu-
la r  heads .  Th is  a lso  leads  to  a  reduc t ion  in  the  fabr ica t ion
costs for  annular heads. Once the concern general ly pre-
v a i l i n g  a m o n g  e x p e r t s  h a s  b e e n  o v e r c o m e - t h a t  a n
e las tomer ic  sea l  shou ld  no t  be  in tegra ted  in to  the  f low
channel  of  an extrusion head- i t  was a logical  next  step to
exploi t  the elast ic i ty of  the seal  to also adjust  the die as a
who le  re la t i ve  to  the  head.  And i f  add i t iona l l y  the  pr inc ip te
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Novel Solutions for Annular Dies

i s  then breached tha t  a  tube d ie  has  to  have a  para l le l  d is -

charge zone at  the end of  the f low channel ,  the way is open

for an adjustment of  the die gap. This is achieved without

increasing the complexi ty of  head construct ion compared to

the general ly known solut ions current ly used in extrusion

b low mold ing .
Al though i t  has undisputed process engineer ing draw-

backs,4 it is sti l l  state-of-the-art in extrusion blow molding to

use heads w i th  a  con ica l  mandre l  and con ica l  d ie  a t  the  d ie

out let  in order to be able to adjust  the die gap. For th is,  e i ther

the mandrel  or  the die is shi f ted axial ly over a given distance.

A certain leakage has to be accepted, as the moving head sec-

t ion has to be shi f ted in a bore wi th a f i t t ing al lowance. l f  the

gap of  a tube head is to be changed, i t  is  suf f ic ient  for  only

the  mandre l to  have a  con ica l fo rm wh i le  us ing  a  cy l indr ica l

die. The possible adjustment range of the gap is then depend-

ent  on  the  cone ang le  o f  the  mandre l  end and on  the  t rave l

distance that can be achieved with the addi t ional  compres-

s ion  o f  the  t i l t i ng  sea l .

Axially Adjustable Dies and GWDS
For  tubes  w i th  the  same or  a t  leas t  a  s imi la r  ou ts ide  d iam-

eter,  the bandwidth of  desired wal l  th icknesses is general ly

fair ly smal l .  In pract ice,  t ravel  d istances of  just  a few mi l -

l imeters are therefore sufficient in order to be able to achieve

the  requ i red  gap var ia t ion .  l f  the  t i l t i ng  sea l  i s  des igned

sl ight ly th icker,  the seal  can be compressed further,  start ing

from the preload necessary to achieve the sealing effect. This

can be  s tep less ly  ach ieved us ing  a  s imp le  th readed r ing .

Figure 4 shows a tube head of this type with integrated ti l t-

ing  jo in t  and d ie  gap ad jus tment .  The d ie  i s  t i l ted  by  means

of four axial ly arranged adjust ing screws in the face of  the

d i e  w h i c h  a c t  d i r e c t l y  o n  t h e  f l a n g e d  c o l l a r  o f  t h e  d i e .

Between the  c lamping  screws (w i th  wh ich  the  head cover

is  a t tached to  the  head)  and the  center ing  screws is  a

threaded r ing to change the size of  the f low-channel  gap at

the  ex i t  o f  the  d ie .  In  add i t ion ,  the  head a lso  has  a  F lex  R ing

s leeve.5  Ad jus t ing  screws ar ranged over  the  c i rcumfer -

ence o f  the  d ie  a l low l im i ted  loca l i zed  ad jus tment  o f  the

f low-channe l  gap in  o rder  to  be  ab le  to  min imize  asym-

m e t r i c  t h i c k n e s s  f l u c t u a t i o n s .  T h e  i m p r o v e d  a n d  m o r e

prec ise  center ing  poss ib i l i t y  and the  loca l i zed  chang ing  o f

the f low-channel  gap using the Flex Ring sleeve thus enable

th ickness  to le rances  to  be  a t ta ined in  the  tube wh ich  were

not  ach ievab le  p rev ious ly .

Figure 5 shows the special tube head in operation. The new-

ly designed head also sets standards when i t  comes to the

ease of  maintenance. Despi te the gap adjustment feature,

Figure 4: Side-fed tube head having an elast ic t i l t ing joint to

t i l t  the die and to shif t  the die axial ly in regard to the man-

drel,  and a Flex Ring sleeve to sensit ively reduce exist ing

non-symmetric thickness dif ferences over the circumfer-

ence of the tube

Figure 5: Tube die with radial ly arranged screws to optimize

the f low-channel gap between the Flex Ring sleeve and the

mandrel to reduce the thickness tolerances in the tube
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the head can be completely c leaned without having to be
removed from the extruder flange. After loosening the bolts
with which the head cover is fastened to the main housing
of the head, the cover can be removed and the whole f low
channel  of  the head is accessible for  c leaning. Dur ing this,  the
main  hous ing  remains  f langed to  the  ex t ruder .

Ti l t ing technology had for a certain t ime only l imi ted use.
The elastic t i l t ing joints can only be used up to operating tem-
peratures of  300"C. Furthermore, the wear resistance of
the elastomeric blend is not suf f ic ient  for  processing com-
pounds with abrasive const i tuents.  However,  these l imi ts
could be overcome with an alternative metall ic t i l t ing seal;this
then even al lows for a much wider movement of  the die in
regard to the mandrel .

Figure 6 shows a recently developed advantageous GWDS
(Gross  Wandd ickens teuerung)7  head fo r  ex t rus ion  b low
mold ing ,  wh ich  has  a  meta l l i c  t i l t i ng  jo in t .  Ins tead o f  con-
vent iona l  con ica l  f low channe ls ,  GWDS d ies  use  cy l indr ica l
ones at  the end of  the die.a Operated by four stepper dr ives,
the die shown in Figure 6 can be ti l ted in order to center it.
But at  the same t ime i t  can be shi f ted axial ly by 20 mm in

Figure 6: Novel GWDS blow-molding head which allows for a
further improvement of the thickness distribution of blow-
molded parts
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F6ure 7: Wall  thickness distr ibution, weight (G), and blowing

or cooling time (t6) of tanks that have been produced

conventionally (shown at bottom) and with GWDS technology
(il top)
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order to change the relative position between the die and the

mandrel .  The big real ized adjust ing path is of  importance, as

the GWDS technology requires longer adjust ing paths than

convent iona l  b low mold ing  d ies .

Compared to wel l -establ ished convent ional  product ion

methods ,  GWDS d ies  open up  the  po ten t ia l  to  fu r ther

improve the wal l  th ickness distr ibut ion of  every blow mold-

ed  par t  tha t  i s  p roduced wor ldwide .  For  packag ing

appl icat ions,  the GWDS technology helps to s igni f icant ly

improve the thickness distr ibut ion,  especial ly for  smal ler

blow-molded bottles. As an example, the minimum thickness

of a 500-mL PE bottle could be increased by 170/o, enlarging

the top load the bottle can withstand by 220/0, compared to

the state-of-the-art conventional production method.

Also,  in the f ie ld of  technical  hol low parts,  formidable

improvements in thickness distribution are possible. Figure 7

shows the comparison between a smal l  fuel  tank that has

been produced us ing  a  convent iona l  techn ique and one

produced by GWDS technology.To reach this convincing

resul t ,  a convent ional  machine with a sol id die and a sol id

mandrel  was used. l t 's  impossible to achieve a comparable

good thickness distribution in the tank, even when using well-

establ ished complex and expensive deformable PWDS6 or

Flex Ring systems.
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