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Dr. Donath stated that he had heard that the Japane
made aviaticn petrol from rubber, mut he did not know any details of.
the process, location ur the extent of this activity. Dr. Donath had
slsc heard that .thé Japanese had socme production of isu-ociane or
alkylate, '

.+ XI. DEVEIOPHMENT OF WICKEL PRESSURE VESSELS

4. INTRODUCTION & GENERAL DESCREPTION.O? PROCESS

_ The following account of this development was ebtained
from Dr. Schierenbsck, the inventcr of the process fur producing. high
pressurc vessels by winding tape on to a thin walled tube. The nead for
a large number of vessels for the Four Year Plan was first felt in 1937 .
and the I1.G., were not satisfied that the FPorgemasters cculd deal with
the demand in the time set by the State, 2y therefors set out to sce
whether they could produce vessels suitable for use at high.temperatures
and pressures using the cld precess for wire-winding of guns ¢p scme o
modification of this method., The initial intenition was to speed up the
delivery of vessels rather than make any great technical advance in -~
vessel design such as saving welghb. )

7

At first the experiments were made with small vessels of
100 to 300mm bore and 1-2 M long, the winding being done .on a small hand
controlled machinz. Thess vessels were tested to destructicn, measure-
ments being taken of the extension of vessels in several dirsecticns.. 0
the basis of the tests, the I.G. set up at Oppau a plant for the produc-
tion of wound vessels.up te 1200 mm bore and 1€ M long and, from the '
beginning of 1938, were oble to mnaks vessels copn a production basis.

vessel and a large travelling bed to carry thetape spool and the other
equipment for handling the tepe. A length of tape sufficiently leng to-
wind one length of the vesssl is {irst wcund on the tapc speol which is ¢

. roughly 7 ft. in diameter.. (These lonz lengths of tape are made by weld
ing.together a numbsr of lengths as delivered to the plant by the tape
makers}, The free end is then welded on t. the end of the vessel. gnd wi
ing begins.  The¢ tape, on iis passage from the drum, passes between two
rollers which-zct 2s cns connection tc a source of low velbage elechric
current. When the tape reaches the vessel it is pressed on to it by
another rclier which sets as bthe other electric comnection. The current
passing through the tape is azbout L=6,000 amps, at 30-40 volis. Imme-
diately befere winding the tape is thus heated to abcut 8509C. Immediatel
after the tape has bzen wound it is cooled fairly rapidly by means of higf
velocity air jets and some distance later, sbout 5-6 turns of the tape,
series of water jets. play on the tape tu ensure that the vessel does not
heat up, The intensity of this cocling depends on the rate of winding &
the thickness of the tube. On cumpleticn of. the winding of each layer C
tape, the.tape end is welded to the. inner vessel or te the previcus tape
layer. The speed of winding can be as high as 15 ft/min, =

The process requires a lathe capable of taking the finishe:
b g

In 1939, under 1.G. licence and under 1.G. patents, Krupps
and Deutsche-Rbhren Werke at Mihlheim Ruhr started to make thess vessals
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Since this date they have made 50 vessels for testing purposes and about-
200 for service in plants. It is sstimated thet at least 75% of these
vessels have been in sérvice. They have been built for production plants
for pressures up to.700 ats. and small ones for research laboratories or
up to 4,000 ats. . o : : :

: .The first vessel to go into service (1938) was a 500 mm
200 ats. CO scrubber on the Oppau plant. The first converter Lo be used
in a productien plant was a 800 mam ammonia converter at Oppau in 1939.
The largest vessel so far built is a Tanol converter of 1,200 mm bore and

A8 M long, and this was put into ocperation at Oppau in 1940,

o The I.G. feel that they made a mistake when they gave a
- licence to Krupps instead of to 2 competitor. They have been charged the
* same price for the Wickel bodies as for solid wall fergings while their
own experience has shown them that a Wickel body is cheaper than a . solid
wall forging by abcut 204, - : ' n '

B; DETAILED DESCRIPTION OF PRESSUEE VESSEL MANUFAGTURE

- ‘Production of the Wound Body

- The inner tube on which the tape is. wound is made from the
material most suited to the service for which the vessel is intended, i.e.
“material which is corrosion resistant, hydrozen resistant etec. So far, .
the thickness of this inner tube Nas been 20 gm. Up to 800 mm bore the
tube is built up of seamiess tubes welded together to get the necessary
length. For greater diameters the tube is built up of rolled plate welded
both circumferentially and lengitudinally.- Recently, in order to save
costs where the tube has to be made of high alloy material or where the
alloys required are in short supply, tests have been made with thin walled
‘tubes of 5~6 mm thickness, In order to cbtain the necessary stiffness of
- the tube for winding purposes, the thin walled tube is filled with con~ .
~Crete. This means that internal water cocling cannot be used as in the
“case of the 20 mm thick tubes and resort has been mede to mors intensive
‘external water cooling. The inner tubes themselves need not be truly
round as far as bthe winding process is concerned as the tape is continu~
Cusly pressed on to the tubz'by the roller. The degree of roundness de-
Pends on the service for which the vessel is intended, i.e, whether or not
any internal parts have to be inserted. -~ = o

i - The Wickel tape used for large high'pressure vessels.is

80 mn wide and 8 mm thick. Its cross-sectional shape is shown in figure

XXIX. The surface of the inner tube is machined with a spiral groove so

that the tape sits closely and lengitudinal movement is prevented. Tape

Ofsmaller dimensions (5 x 50 mms) is used for smaller vessels, it being

?SSéntialwthat5 in any vessel, the number oft layers of tape should exceed
certain minimum, - o S o -

. The_@éﬁerial_of fhé_tapé was as followsz~

. .. For cold véssels F,T.2 52, A normal carbon steel of 0,208
rbon having an elastic limit of 23 Tons/sq.in. . '
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For hot vessels F.K.15, an alloy steel of 1% Cr., O. 5%
Mo., 0.15%C. and hav1ng creep limit at 3509C of 22 Tons/sq.in. The
temperature of 350°C instead of 300° (normal for solid wall vessels) is
specified beczuse windings have a lower conductivity than solid metal ang
therefore the wound vessel wall is hotter than that of a sclid wvessel
under the same conditions. -

By special heat treatment of the tape either before winding .
or during winding, the elastic 1imit of ths metal is raised to 44 Tons/sq
in, For cold vessels, it should therefore be possible to reduce the first:
weight below that of a corresponding forging. Also when designing a nor-
mal solid wall vessel ohe has to take into account the fact that the metal
because of its thickness, is not homogenecus. With = wound vessel, ong can
be certain that the materisl is homogeneous and it should therefore be
possible to reduce the design. factor of safety. So far, however, the I G.

ave made Wicksl vessels of the same dimensions s forglngs.

As previcusly mentloned thc'tape is electrically hsatsd on
its way to the tube to 800~900 C As it passes under the roller, which
is grooved to the same profile as the tapé and has a diameter of 15G-mm)
it is pressed on to the tube with 2 loazd of one Tonne. This small load
ensures that the tapes sit against one another closély “and “that the lands
on one tape are-thoroughly pressed into the grocves of the underlylng )
“{ape. ‘Each successive tape is. iaid on so that the gaps between successive.
turns are staggered by a distance of one third the length of the tape, the:
tape having three grooves and- three lands. This ensures that the succes-
sive furns are interlocked and that there is not a straight passage from
inside to ocutside of the tube. Variations in the proportions of the
grooves and lands were being experimented with, to try to produce a vessel:
which has a snaller longltudlnal extension th_n the normal wound vessel.
In order to ensure th £ the tube does not distort durlng
winding, owing to the pressure of ths contact roller, a supporting roller
is Fitted: dlametrlcally opp051te.

When the main parallel wall body has been completad, the ends
have to be stiffened to take the cover, This is achieved eitler by screw
ing heavy sclid-stiffening rings on the ends of the vessel or by building
up the énd with more windings of tape and finally screwing on a thin ring
to secure the windings. In both cases, the ends of the coriginal wound -
tube whers the windings are welded together and to the inner vessel are
finally cut off, leaving cnly the interlocking grip of the tape to hold
the turns together., The studs for- the cover are screwed intc the tape or
intc heavy solid stiffening rings. (Fig. XXX).

) Dr. Schierenbeck felt that the Wickel method should enable
mach lighter vessels to be used for processes requiring very high pres-—
sures, for example 700 ats., and above, He pointsd oit that with sclid
wall vessels the stress distribution in the wall of the vessel was such
that the maximum-stress was at the inner face and that, zs the werking
pressure was increased, the wall thickness went up much faster than the
pressure. With the wound vessels the stress throughout the wall thick-
ness was even, so that an increase in pressure of 50% meant an increase in
wall thickness of 50%.
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FIG. XXX .
DEVELOPMENT OF WICKEL OFEN END WINDINGS.
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gt During;tha:ﬁinding‘of Gun~barrels, Dr. Schierenbeck said
that great: care was:taken toensurs that the tape was wound on with the
-codrrectténsion,so that the final stress distributicn was the cnz de- -

sired. -No'$pecialiprécautions of this natire Had been taker in the case
ofipreséﬁré*ﬁéséeis.?1N9~tests had been made te¢ prove that the desiredq
Stress distributien‘in ths vessel wall had actually been cbtained, apart

-~ from &' number of tests made to’compare the strength- of the vessel in-the

¥

- cendition it:Xeft the winding machine and also after the vessel had been

* annealed at 7009 f£or-onk“day to rélieve all shrinkage stresses. Photos
grephs: of -the- test curves were scem for these vessels and they showed
that a normal wound vessel was 1.k times as strong as thé same.dimensiched

“rselidiwall vessél and that' aftep amnealing the vessel was still 1.2 times

=ag.strang, . = - vl : _ . . ]
- 2Ce:*QTHER-USES: OF ‘THE WICKEL METHOD, T T B
PR “; “.The method of producing tubes which are resistant to high

- préssure by winding én“a grooved tape has been tried for thé production of
~GUN-BARRELS, where it was’sald that the better stiess distribution re-
- sulted in a lighter barrel. R ‘ e
, The I.G. have also experimented with the manufacture of
“'covers for the ends of high pressure vessels, using the same tape zs for
‘the manufacture ¢f bodies. - They had done tests but® had niot tried amy if’
- service. = e B T e Y
e Because of troubles with the parts of feed pumps. of 700 ats,
plants, they had tried the manufzcture ofpunp-cytinders. and stuffing:
'bdkesifor‘theirfown“design'opraste injectors and although they had made
", ,and teésted the parts they hed not had any-in service. THe:Ilanges of the
“istuffing box were wound direct on to the body and drilled to suit the studs
. in the bedy of the cylinder.

£I1, . DEVELOPMENT. OF HIGH PRESSURF. VESSELS.

_ , Since 1937, I.G. have made 2 number of develcpments in the
construction of high pressure vassels with the object. of reducing their
weight. ‘Altogether; -a 264 reduction in the weight-of-'a 1000 mm. bore -:

vessel has been achieved in’two steps.: “The first improvement; which
“accounted for-a 16% saving, was the intrcduction of double~cone: joints in
. .Placer of-single-cone joints and a -reduction in the size of the bottom ' -
“joint and’ eover; .the remaining -10% saving resulted from the redesign of the
endicovers and-stiffening rings, - - Lo
P Tl ‘Originally, I,.G, vessels were. parallel throughout: their
_ lbngthltbffacilitatéhlining'with & thin tube whose function was toprotect
“theé wall bf'thé{véséel-from.corrosionﬁand'hydrogen attack. "Experience -
%fshowed;:howéVEﬁ;'ﬁhatéthe'lining,was’ﬁnnecessaryaénd”the design: of the
¥F1000 mim. bore-vessels for Bohleh and. Scholven was'medified so that the
bottom jointiwas only 600 mm. in dimmeter amd the end plate cerrespondingly
‘Smaller;"Ih*thié*wayggtheﬁweight of" the’ vessel was reduced by 14.3%: .
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The double-cone joint was developad not onky to save weight
but also to increase case of handling A8 the case of the larger vessels,
particularly those designed for operation atb the,higher,pressuresw The .
originel double-cone joint saved only a further 1,7% but this represente
by no means the full saving that could be derived from the change to thg
double-cone joint. At firsl some trouble was experienced with the jciﬁE
when assembled acc : sedure similar o that used for single=
cone joints, 1.€. : the initisl lead in the end-cover stads,
Thus, in a o mper ‘of ‘¢as = Ting was distorted as 2 result of excessive,
compressive stresses. This difficulty was overceme by arranging that when'
the'ringzwaS’fitted to the cover there was & specified radial ¢learance,
-petween ring -and cover 8¢ thab tighbening VP the studs could not lead 0o
an excessive stress in the ring. - This clearancCe, according o 2 numbey of
drawings, was 0.05 mn. per 100 M. giameter of vessel. The original'fings
were found to be stiffer than was reguired and were redu I
{ion by some nEgs o greaber reduction was_inadvisab
lack of rigidity during machining was 1o be avoided.
ompre ssive gtress on
that the initial load required in the cover
lZO%!of‘the-working stress.. Use of the more flexible ring, vogether
modi fications to the stiffening rings, increased. the saving in weight §
107% to 8-7%) i . h . . v ’

: Converters with double—cone joints wers installed ab Gelsens
berg,‘P%litz and Wesselinge AL some'plants'whera Lhe original heavy doub
cone jointfhad'beeﬁ-installed, the lighter.joint—rings were balng used; v
3 filler rings to the end covers 8O {hat the correct radial’
) 'joint-rings and covers were being maintained. Tt was
claimed tha the-double-cone_j int was self-tightening. trials had been
carried-out'on~another-type;of:joint variously referred. to as the Brett-
schneider or.Uhdée jeint. ps at:Leuna, the opinion was expressed that fo
hydrogenation plant vessels the joint was not as suitable as the cone, J 018
: It wag -soon realised that use of a double-cone joint'avoide
the very 1arge outward radial forces ab the vessel ends vhich arose from
single—cone joints. AS mentioned 2bOvVes modificatlons
stiffening rings in order o take Advantage of the reduced stresses.
modificaiions,-as_always, were principa; scted towards reduction of
diameter of the stud circle and ab vhe form of = reduction in
thickness.of the - vessel wall where the stiffening Tings screwed on. M-
yhe final design; howaver, there is no reduction in wall thicknesszpﬁ.
vessel, but ihe: stiffening rings are much thinner radially. The studs. AT
screwed into both ring and vessel wall, the piteh circle diameter of the
studs being the external.diameter of the vessel before rhreading bo recel
the stiffening rings. In order that the nould always ‘be eventy s
. loaded both in the vessel wall and 1 > st i o4t was decidet
to give the ring;an_initial lozd such that movens abi o the vessé
wall;could not be brougnt apout- by any test or working
therefofe‘machined cn the nose of the vessel.and on the ring 2 ad
serewed up against the shoulder while neated to 200G-250°C. On coolingy &
tensile strgss-is”deVeloped in the ring between the shoulder and_the,fii'fSt
thread, which is. spaced 70 mm, - away _shoulder. Tests wWers first
_ cgrriedibut on e small 160 mm. bore vessel. AL 1,7 x design working °
"pbesgréii-the vessel body showsd  S1gnS of
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FIG XXXTT,

PEVELOPMENT OF END COVER OF SOLID WALL, FORGING.

NOT TO SCALE.

LARGE DIAMETER

SMALL DIAMETER
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