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“which f 1ows coVer the design and oper-
ation of his plan in itSvthree parts.

1l Wax cracking fdr olefin manufacture,
.2).Polymerization. of -olefins: and-. dispos
of used aluminum chloride;
'3) Finishing of raw polymer into lubricating
oil.

The Harburg plant had a capacity of 700!T/Mo. lube
oil produstion with a yleld of about 54 weight percent 'of
the paraffin wax charged

that it operated on wax- from»natural petroleum'refi ng.

The plant was dismantled late,in the'war for re-.l
ergction‘on the Harz mountains
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Uax Cracking... ° . R LU TR e \ L | ~ From Flow Sheet. Actudl.
In Figures 1 and 2 are shown the ‘equipment and — ' S ' o o
flow for wax cracking. The usé of natural waxes from o Gas and %oss_.l . \gg gg_gg
the manufacture of olls such as spindle oil-and heavy B  ~ = | . Cracked Distillate :Zl 10
machine oil distillate is recomnended. - These have an g ‘ Residuum : i66
~ average molecular weight of about 500. . With heavier. T . 100 —_—
waxes, such as wax from cylinder oil, there is diffi- ‘ o : '
culty in vaporization in the cracking furnace, It is ; Polymerization (Figure 3).
importa%) that the wax used be deoiled to less than &5 . ; . - ‘ : : L
percent tent. Otherwise, coking in the eracking ] For polymerization, the cracked distillate, average
- furnace and the evaporators takes place. . . . molecular weight 290-300, boiling range approximately 40
‘ e P to 3000, is used. The process is carried out batchwise
The wax first receives direct heat exchange-in " . - . in 10-ton lots. The distillate 1s circulaﬁgd'with contin-
the bottom of the dephlegmator tower, and combines with : -+ uous addftion of a thick aluminum chloride slurry and with
the vecycle there before 1t reaches the furnace coll. - controlled temperature depending on the type of oll re-
The furnace is divided into two sections: (1) a vapor- ] guired. The followlng variations in operating temperature
“izer, using convection and radiant heating, and (8) a . i were noted: : o
cracking section, where three parallel .coils with radlant _ e
heating are used. Intermediate is the first evaporator ’ i 200C, gives a thick cylinder oil; requires
in which any non-vaporized oil drops out and in which: ' longer polymerization time and gives
four dry bubble trays serve as a mist extractor to pre- lower yields.
vent unvaporized oil particles from entering the second
section of the furnace. :

_ 400C. usually used for the required aviation
R e : | o oil blending component. Gives a vis-
The-division of the flow into the cracking section = cosity of about 120E/500 and 5.50E/1000C.
colls is accomplished by orifices set in the lines. All ; : :
attempts to use regulating valves for this Job were un- . Buvy. gives oil with a viscosity of about
Wsucceasful.MMTheminJectionwofwsteammbeforeﬂthewcrackingwmwm«vw'< ©TtU4oR/s00C, ' :
coll controls the cracking time which is normally about :
6 to 7 seconds. The degree of cracking is checked by
the determination of the bromine number of the cracked
distillate product. This value 1s normally about 120,
using the method of MeIllheny. - :

A minimum circulation rate of about B0 times Lhe
Juurke volume per hgur gives sufficlent mixing without .
use of the stirrer In the reactor. .

i L e Rt e L i et i o For the regular Oil_ (5.5°E/100°C), a period of 3 to

The cracked product from the furnace is immediately =~ | 4 hours is required to add the previously calculated amount

quenched with water,(condensate)‘anduiswthéh¢separatede~ : % of aluminum chloride. Following this addition, the oil is

in the usual manner-into gas, cracked distillate, recycle | circulated about 2 hours more or until the bromine number

eracking stock and residuwum, o - TR ¥ decreases to 0. The use of the auxiliary agitators for

e ~ AR - thits—tatter—circulation-frees—the—primary—agitators—for——- .
™ xleLa§T§hownmonatnevdesignwflOW“sheetﬁ&Eigure“l)””“"”' ' '

T e ‘ , ‘ ther fresh batch polymerization.
- compared .with actual ylelds given'belo o+ Maximim capacity - ane P
“of "the plant was stated to be 60 tpnggqgvcnargerper*day;x,»

Following the polymerization, the oil and aluminum
chloride were originally separated in a ogntrifuge, but

e -
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this sys%em was replaced by settling in "tubs" at
30-40°C. for about 12 hours. The raw polymer is
severated for' further. refining in the next step. The
sludge 1is dravn off and decomposed by the addition of
warm water, and the "sludge oll" recovered is further
polymerized in subsequent batches., - No recovery of
aluminum chloride is attempted. "
“It 1s essentlsl that the sludge oil be absolutely
dry to avold subsequent corrosion difficulties, and more
elaborste plans were laid for sludge-oll drying in the
relocated plant than were actuelly used at Harburg.

The polymerization plant, ss shown, is considered
capable of‘char§ing 40 tons/day distillate and yielding
86 tons/day (90% yield) of raw polymer. ‘

Contact Refinina (Figure 4).

The raw polymer is mixed with about 4% of clay end
enough lime to neutralize its acidity (Note: flow sheet
shows 4% lime end 1% cley), This mixture is heated to
about 2509C. in a pipe still to decompose aluminum and
chlorine comglexes still remeining in the oll. A minimum
of about 200°C,, together with some soaking time, is
required for this decomposition. The HC1 1is then vented
from the o1l to cut down the corrosion in subsequent dis-
tillation steps where steam is present.

The o1l is then stripped of its light components
Ly e¢tmospheric and vacuum fractionation. The oil fropm
the atmospheric distillation is flltered through Sweeti:..q
filters to remove the clay end lime. The l:stter residue
from the filters contains about 40% oil which is re-
covered by extraction with gesoline.

The finished oil from the vacuum distillation was
used as a blending component for aviation lubricating

o}%. | o
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evaporators and
1s tied in wit the.

Speeial precautions in keepi
efficiency:were ‘observed in the deslgn™ f inject
nozzles, -one .o -which could be clesné ng . opex
h the heat exchangers on th “fved 1line
14ng furnace which could be segregated
dividually of lime an ‘clay deposit’

SR Fischer-Tropsch wax. 1s the ideal

this operatlon. It ‘contains n-paraffins nd gi

and beta-olefins on cracking which polymerize into

best lubricating oll. -.No distinction 1s made between

alpha=-and- beta-olefins for-this purposes- 0 nt.-

was made by Rlienaniz on Fischer-Tropsch wax from Mg

furnished by Ruhrchemie. This gave an oil of 120 V.I.,

compared with 100-105 normslly produced from natural wax.

Difficulty was experienced in deoilling the Mgatsch™. It

was necessary to use a two-stage extraction with benzol-

acetone, using 300-400 per cent of solvent each time and
v~wa temperature of =300C,.. . e

2. Natural waxes contain iso-paraffins and tend to
1ve gamma-olefins which- polymerize into poorer lubricating
] tar. proces ng is ; ntermedia e

;Th‘j,ynthetic 1ube oil normallyﬁproduced by
Rhenania has- an average molecular‘weight of" about 800.
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‘ OBJECTI%E

The purpose of this survey was tg-inveet;gate and evaluate
the leading end most “importent manufacturers of pfessure vessels,
In order to determine what innovations had been made in methods or

menufacturing technique, in relation to the production of pressure
vessels, ‘

To see what new types of vessels, if any, had been evélved,
“due to scarcity of materials or other causes, through the duration
of the war, ‘ : : -

To note what progress had been made in the manufacture of
clad steels.
[

INTRODUCTION

The number of pressure vessel manufacturers in Germeny, is
comparatively large; but the great majority of thenm limit themselves

to one of several clssses. In the first class are a relatively small _

number, which can menufacture vessels of the heavier type, and who
have the necessary equipment to properly handle this work.

The second class, conbalns s gumber of flrms which can
woanulevture vessels of & mealum thickness and leugth, but who lach
certain equipment eud uro dependent upon one or two of the larger
shops t., a great oxteut

'.L'hun' those wao aed Lo YRV VRN LR DIVEVE YT VO RVY 1Y

veod bbeon Soxtedn dte s for tie various pr.oce.s Indaotries .,
have ooly the necessu.y eyulpme..t to carry on their own particu,ar
work and  ac.ordingly .re a negligivle quentity in the industry a..
not capeble of handling the oréinary ruu of plate work.

Moot of the Lettes shops are ducolod in Lhe Rl Dletsiiot
vt the British area, wnd -very few are in eithe. the Buited States o,
Fr. ach areas. There are seveisl large shops lovated in the Bussian
occupi.d area, but these were not considered in this investigation.

Lhe aate for tLis ropory was obtained in 811 cases. from
drecuseluns WIEH the mafiufadturers Themselves, and from a personal
survey of their plants and equipment in conjunction with their
technicel and operating executives. In a1l cases a personal in-

spection of their product was made, whenever such préducts were
available.

-

DISGUSSIQN

The P.V. industry as a whole is not a diversified industry. There
ere a. great number of small .uops which limit themselves tg genergl
repair work or a small gpecial 5y which they.have developed, perhaps

. in" cooperation with one or another of the manufacturing process

compenies. These can be discarded as immaterial to this discussion.

The larger and better compsnies have shown considerable pro-
gress and ingenuity, not in new fields of investigation, but rather
in perfecting technique'in relation to their own particular menu-
facturing methods. .

In their welding practice I saw nothing outstanding in a general
vay, but a small number of them are doing e very high grade of work.
Quite considerable of the work is Oxy-Acetylene welded, but the great
majority limit themselves to arcfwelding of the hand variety and‘I
saw no.automatic machines at all.

One or two of the firms have been doing considerable work with
the Union Melt Process and are getting very good results. Two of
these firms, Mennesmann, Duisburg and Deutsches Rohrenwgrge A.G.,
Thyssen Werke, Milheim (Ruhr), have been particularly active in this
process and wiltl be discussed briefly in the later reports on indi-
vidual companies.

Yulle a uuwnmber of preoswure vodsole lu Uorwany arte olllicsr Luigoed
o1 i the vrossed scamless variety and nere they ave making au ex-
ceslent préduct. In addition, they of course make quite a few unde.
the Roechner Process. Boiler drums are¢ a particuler product og
e¢ither one ol these methods and they produce some very fine work

LYhe Guel uf Vhowo Llypos of vessels la voiy huad Lo Llgure o
o0t f a wumver of facto.s, of whici f.rced labo., .xcessi.e
use of labor, and subsidation or tlhe work 1n ma.y cases are conb..

buting items. For the sake of a rough comparison of Fhe various
types, one firm stated that where the cost of arc welded vessels
would run about 700 R.MKs per ton, the vessels manufactured under
the Roechner process would run about 800 R.M. per ton end forged
vessels approximately 1300 R.M. per ton. This relative comparieu.
was checked with eeveral of the other fiims and the proportion of
costs seems to be fairly general. No relative costs were obtainab.
on—the-banted-vesselss— - e




The average godd'shobs*manufacture vessels with a plate thickness " ‘ : MANUFACTURE OF PRESSURE VESSELS IN CARBON
of 20 mm to 50 mm, but the better shops are producing them up to 100 : . R : AND ALLOY STEFLS FOR CHEMICAL INDUSTRY IN
mn thickness. Of course, in the forged and banded vessels, the thick- AR » ‘ "~ THE RUHR DISTRICT ‘
ness of the shells are considerably greater with a limit on the banded T
vessels of approximately 200 mn, i

.

Their normslizing and stress relieving facilities are not com— Name end Location ' Type of Production ote
parable to ours as a great mumber of them do not have the equipment : Industrial :

end 1f called on to do this, they send the completed vessels to
other shops which have the necessary installation, :

Capacity

el

A. Mekers of seamless rolled or
The largest furnaces are limited to three meter dlameter vessels, seamlesy forged vessels

and a maxfmum'length of eigliteen meters. This ig roughly nine feet o
diameter by fifty five foot length and there are only two of this ., - 1. Deutsche R8hrenwerke 4.6, Steel works, High Seamless
capacity., - ) Thyssen Werke ' Drum and Plate : rolled
‘ ' : Mitlheim ~ Ruhr Shops Rbéchner
' Process
Banded vessels

In the case of longer vessels. they stress .ulieve each snd
separately. In many cages only the section in the girth seam ie
stress relieved and this is accomplished by means of a brick lined

sectional portable furnace built around the weld of the vessel to 2. Priedrich Krupp High

Seamlese forged
be gtreess relieved. Essen~Ruhr

a

In regard to X-raying the welds, only the larger firms go into 3. Press-und Walzwerk A.G.
this very thoroughly, and they report very satisfactory results Dusseldorf
after the instructional period has been completed. '

Press shope High Seamless forged
Forge ghop : Pressed drums
Steel mill

The outstanding now Lypo of pressure Vossol develupod 1g bhe 1 Huolmmolall buisly A u Steel worke Hlgh Doamless [uigeud
wrapped Land vessel as designed by I.G. Farbeninaustrie, A.G. and Dueseldorf-Berlin machige, anu
wanufactured by the Deutsches Rohrenwerke A:G.-Thyssen Werke, Ml (Tegel) vessel wLop
heim a/Rubr. A dis.ussion of the manufacture and also a translati. ’
of the methoa or calculating stresses will be submittes in later
pages of thls report, '

Lhe Wranedatliovu ol Lho stioow valyulatllons 1o wutl thie roeul b
«+ » dlscasslon of tue .ess.ls by vhe writer, b.t .e p.rel, a
tr.a.lation of & specirfication by one of the leading englneerse
of the I.@. Farbeninduetrie, A.G., which was given to the write,
by one of the manufacturers.




PRESSURE VESSEL-MANUFACTURERS, CONT,

Growp I
Gsme and Location Type of PRODUCTION
) Industrisl CAPACITY'
Plant

B. Makers of High Pressure
Vessels, Hydrogen Welding

l’

. Rheinmetall-Borsig A.G.

. Ruhrstahl:A.G.

Deut sche RBhrenwerk A.G. Steel works, High

Thyssen Werk Drum and

Mi#ilheim-Ruhr Plate shop
Mannesmsnn R#hrenwerk A.G. Pipe and High
. Duisburg-Huckingen

Vessel shop

Steel Works High
Dusaeldorf-Berlin Machine &

(Tegel) Drum shops

Steel Werk =~ Medium
Werke Henrichshiitte Vessel & Drum
Witten-Ruhr shops

1t

°

-

 PRESSURE VESSEL MANUFACTURERS,
Neme & Location . Type of
Plant

.C. Makers of High Presémre Vessels
Electric Welding

1. Deutsche Réhrenwerke, A.G.  Steel Mill

CONT.

Production |
Capaclty

High
Thyesen Werk Drum and
Milheim~Ruhr Vessel shops
2. Friedrich Krupp . " " High
HResen-Ruhr
3. Mannesmannrﬁhrenwerk A.G, " " High
Duisburg-Huckingen
; -
4, Rheinmetall - Borsig A.G. L High

Dusseldorf-Berlin

All Firms in Group I are expért in vessels, for Chemical Industry.
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PRESSURE VESSEL MANUPACTURERS, CONT. S | : ACTURSES CONTACTXD

Neme snd Location “ Type of .  Production G : : Vereinigte Deutsche Metallwerke, A.G. Hesse Straese, Frankfurt/
' ‘ Industrial Capacity ' ‘ Heddenheim
Elant < :
: Lurgi G. fur Chemie and H{ittenwesen Gervinus Straesse, Frankfurt

Mokers of Medlum Sized Target - 31/86

Flate work and Vessels . " .
for Medium Pressure . : Kuknle, Xopp & Keusch ‘ Frankenthal

1. Deutsche Rohrleitungsbau Machine High Chemical Industry - Maschinen Fabrik Esslingen
A. G., Dusseldorf and Vessel

shops ‘ , W. Schiltze Lechtmetallbau h Feuerback/Stuttgart

Esslingen/Stuttgart

[
Gutehoffnungshutte - M. AL N _ " Nurnberg
Oberhzusen~-Sterkrade High . - ‘ Augsburg

. Gustaveburg
Dortminder Union High

Brilckenbgu A. G. Stahlwerke-Rachling-Buderous Wetzlar
Werk Orange-Gelsenkirchen * ' B

Dortmnd~Ruhr Samesregther and Co. G.m.b,.H, Butzbabh

Kl8clmer-Humboldt Deutz A.G. Medium ‘ Wermefanz u. Ventilaforbau Hockethal Strasse 71
. K8ln-Teutz Langenhagen-Hannover

Wilho Werke, A.G. Modluwm

Fromothous Werke 4. Iur Appasaicbau Yntenfangweg 12
Braunschuweig

Herrenhausen/Hauuov e

woedd Boiulnglaa . NTH A Mo dd o
Dui sburg sh.,

Lubuouuh Woeirheo Uberhicusen

dutebiof inungen Ui« .. Stcrkrade/ub.‘Luunun
vosolgndglo howeo, . slop  Modiuw

"
A.G. Dusseluorf Doutscho HOLyouwer: . . . L MUl lio L/ Kl d

Wal Lioxr & Clo. 4 o . Bl bwald Bu.ulughens 71 Vulken St. ..
K8ln Dolbrdck Duisburg Rhla.

Wilhelm K@lsters Bullor &
Aachon Vggeel

Ui onemeyor w. bBoumen ., . ) Brackwede - Wosty

Schuldtechic Holsvdew, A 4. Wilholmelioher' Ally 247
Kessel

Rhéiﬁmeté.ll—Boreig, A.G. Ulmen Strasse 126
N Grafenburg - Dusseldorf

(]
Welther & Glo. Koln-Delbruck




| _ . ' o ‘ - . ‘ B \
Poul Schutze A.Ge o ' Ogeersheim - Pelatinate . = {4 S AEPOT O INMLIVI.NAL PIMS

Mannesmann Réhrenwerke A.G. . o Huck&ngen/Du}sberg" o ' L e

‘ Reisholz and D - Vereinizte Deuteche Motallwerie, 4. &. - Heddenheim/Frankfurt
Press und Walzwerke A.G. eisholz an sseldorf . :

Director: Hérr X. Plesser.

Metallurgist: Dr. 5, Lay-

+

_ Tﬁey meke no pressure vessels of any kind. During the war
they did meke copper wire wound spheroid contalners for V1 bombs, but
these were very small and they never got into heavy production of them.

Their principal products at this plant were sheets, copper
and nickel electroplated, and copper wire. They plate steel shests
with copper, hickel or eluminum for the manufacture of coins.

. I wap expecting to find that they manufactured cled steels,
but their process is strictly an electro-chemical plating process,

At the Altena/Hamm plant they plate with nickel and coppsr
for smgll chemical cogyainers.

At Duigburg they ﬁgke condenser tubes of plated material,
70% Copper, 20% Zinc and 10% Tin. Due to the shortage of Tin, they
changed the analysis to 76% Copper, 2% Aluninum, 22% Zinc.

Dulsburg also wakes heal eachaugor tubes of 36% Cuppor aud
4% Aluwloum,

Dr. Fhilippl - Dir. Manager - Dulebuwg Planu

Baum -~ Chem. Metellurglest




Iurgl G. £lir Cherite & Hittenwesen - Gervinus Strasse 17 - 19 - Frankfuri

Direcﬁor Behlert

This is an engineering and design firm entirely.’ They assume
the contract and buy*all vessels and apperatus from verious shops. They
do, however, build electric precipitators (Gottrell) for ges cleaning

- at their Friedberg Plent. They do the erection at completé chemical
plents and furnish operating orgenizations.:

The Iurgl Warme subsidiary has offices at Heddenheim with
Dr. Denulat as the Chief Engineer in charge. Again they limit their
activities to design and operation. ‘

Dr., Danulat stated that all their vessels were built by
Mannesmann or M.A.X, at Gustayesburg.

He\says that annealing or stress relieving capacity in’ Germany
is limited to 3 meters diameter by 15 meters long, and that there are
only 3 firms in all Germany who can handle this clase of work.

The limit on their pressure vessels is 50 mm., thickness.

# ‘

Kl o Kopp und Kausch . Fraolhouthael

Vi outloa Lo Wlabd os

'J-'hu‘y lhave made wa Lou Pirwsua w veuseodoe b oa i V) Bosboendudusts i
A v auaeg the war, but p.essure vesseis ere n.b a st.nd.rd product with

ther  Thelxr products aro compressors, smell steam wurbines and axial
flow fans.

Thoy have mede B or 1V agltators of stailnlese clad stwel fou
L. 4. Farbenindustrie. Several of these were still in the plate ehop
and were 2,800 meters diemeter and 2,300 meters seam to seam., The
shell was 20 mm. thick with stainless cladding 2 mm,., The clad steel
furnished by Deutsches Edelstahlwerke, Krefeld, who are associated
with Deutsche Rohrenwerke A.G., Milheim a/Ruhr

Kuhnle Kopp & Kausch are not a factor in pressure vessel

Maschinen Fabrik Lsslingen - Esslingen/Stuttgarm

Dr. 1 hudwig Kessler First Director ‘

Dr. Otto Klusener Second Director (Engineering)
Herr Koch : ' - Chief Xngineer

Dr. Klingenstein Bldst ‘Furnace Englneer
- Herr Huth _ Locomotive Department

These people are primarily locomotive boiler end railroad car
.builders, but they also make steam or gas driven compressors for gas -
and gasoline plants. They are definitely.not a pressure vessel shop,
but during the war they did make 3 rivetted towers for I. G. Farben-~
industrie on the synthetic rubber progrem, X

W. Schiltze Lechtmetallbau - Feuerbach/Stuttgart

Before and during the war they manufactured air receivers and
light containers. The conteiners were of eluminum and magnesium. They
do no pressure vessel work other then thie. '

The plant is entirely destroyed.

- Nﬁruberg

This plant Loe wol wsde ahy prosswo vossols bub state that
they have been making them at either one or both of their other plante.
The works has been about 80% destroyed.

. .
At Nﬁrnberg before end through the war they manufactured cosl
and ore bridges,cranes, dlesel engines, auto trucks and prime movers.,

M. A. N. - Augsburg

Chief Director - Herr Otto Myer
~Metellurgist—=—Profs—Er—H;—Sovensen
Acting Director - Herr Meyr

.. .. They have made no pressure vessele at. Augshurg and informed me
" that their pressure vessel business was carried on &t the Gustaveburg

e e




‘ kind-

!

Thie plant mannfactures diesel enpines, heavy machlnery for
dye planta end breweries, printing machinery and during the wer they
added guna and heavy emmunition,

{
M. A, N, - G’\lstaveburg

Director : Rﬁinhart
Director Hubner

Supt. Boiler Shop Hexr Silberhorn

!

This shop produces pressure vessels to a smzll extent for the
chemical industry. They also make waterless gas holders, bridges, pon-

toons, submarine sections and are the largest producers of roller dams
in Iurope.

They use electric arc and Union Melt and have been getting very
good results with Union Melt up to 50 mm., thickness. They erc weld up

to a limit of 105 mm., doing all their acarfing with acetylene torch on
the heavy plate.

They have several bending rolls, but the large one - 10 meters

long - is a four roll outfit with the top roll asdjustable horizontally
and vertically. The two outside bottom rolls adjustable vertically.
They do all cold rolling and tne machine cen handle 100 pm. plate not
over 800 mm., wide or 50 um. et a width of 4 meters.

Thols & Hay eyulpwoul hos o llwlb of 70 mu.  abuve ithut vue
. wwuite .. 0 problematical. They also have une of the iargess strees
relieviug furnaces in Germany and can handle vesesels & meters diamete.
with a maximum length of 15 meters.

They have nover worked ovn ¢lad métale aud have uul Losn paitl
sudeady aublve in pressure vessel produciion. thel. pariicular epscialt,
is on riller deme and closed gate (double) dems. They heve built the
great majority of the dams in the Upper Rhine and various other rivers
in Germany, others “n Norwdy and Sweden, and one on the Grand River in
Colorado for the United Strtee Reclemztion Service.

Stebhlwerke - Hochling - Buderous A.G. -- Wetzlar
Metallurgiet ~ Dipl, Ingeneur Otto Lucas

This plent was supposedly a fastor la the chemical induatry
for towera_ and.xeaeels._but they,have-neve:_madeuany,equipment of_thiuw

"

“ 14 -

It is an alloy steel plent epecializing on stainless steels
end produces about 67,000 tons annually.

They haxe one anelysis of stainless - 18% Chrome, 8% Nickel, {
O 08 to 0.15% Cerbon - but their normal production is 20% Chrome,
10% Nickel and 1.2 to 2 5% Molybdenum which is very eimiler to Krupp's

© Stainless V2A,

SameéQeuther‘and Co., - Butzbach

A smell sghop doing'éonsiderablevlocbmotivé boiler repairs, but

. they do manufacture small heat exchengers with welded tubes end elso

mediun size autoclaves of various pressures. The outer shell heas.a
series of indentations press into it before rolling, and each of the

bulbs are welded to the inner shells. Attached illustrations show the
construction. B

They also meke quite a few of these vessels with an alloy
lining or the innershell of clad steel. They are, however, a rather
negligible quantity in pressure vessel production.

Warmefang u Ventilaforbeau - Laugenhaéen/ﬂannover

This firm 1s entirely out of the vessel bLuvlucws as It 1o «
total suln from bombs. Their piincipal product wus small heat ex-
changers of caet iron with rolled tubes and cast iron economizers 1a \
banke for stationary boilers.

L, vwelbhouwe Weskeo [ STV o.Al.L.\.-vAl/u.\nnu [N

.whis 1. . small plate shop doi. ... Y R
wedium size. Their largeat capecity ip pl te of 30 ma. thxcknena.

They have sbout 8 welding outfits and one Kjellberg eemi
automatic welder. They have never worked with clad steels end most
of their production is rivetted tankege for petroleum plants.

They have no stress relieving equipment; end if this 1s called
for, they ship the vessels to the Ruhr shops' to have it done. Theére is

nothing outstanding in thelr practice, and they are comparable to our
ordinery small shop.

-IIET e e —




ngéock Verke - Oberhauesen

Director -~ Herr Ja.ﬁtecha.-

Babcock Werke have limited their production to boilers alone,
doing no other pressure vessel work. They can roll plate to 30 mm,
thickness, but most -0f their welding is done on water conditioning
dnd pulverizing equipment. They built economizers of both cast iron
end steel pipe in addition to their boiler work.

3 They buy all their boiler drums from Thyssen Werke and these
are seamless 4" thiclk .and 8 meters long for a pressure of 125 Atmos-
pheres. Their headers are bought from Press u. Walzwerke, Dusgeldorf,
and they weld the ends anfi forge them to suit in their own shop.

They have one annealing furnace 2 meters by 2 meters, 10 meters
long but uee it only for tubes and steel castings. They also have one
small portable X-Ray machine of 125 volts which is used only dn boiler
repairs and air-conditioning and pulverizing equipment.

At the present time they are vorking on boilerbrep'airs for
the coal mining industry.

@utehoffoungehutte - Oberhausen A.G. - Oberhausen/Sterkrade, RHLD

Bosxx Kollormaa Gulof Director

Herr Muhla Acting Directox

Dr. uvtto Zechou u., .. Chief Metallurgi..

Her:s Schuls Chief Engineer and Mun.,..
Herr Fleischer Supt. ~ Boiller Shoys

Thle wuon 0 0 0 .4 pleve ehop aud can Leudle ...
thie beavlodt cimes. Yo p,ate .nd boller shop is oue or the a.ny d,f-
foer.nt manufactyring div,sions. As a general manufacturer, they produ, .
heavy machinery of asl kinds, bollers, blast furnace plante, coal mining
machinery, tramsmission equipment, bridges of all kinde and complete
installations for petroleus, chemical and rubber industries.

In the shop they have a very good line of heavy equipment,
such ne a four-roll set of bending rolls with a capacity of bending
cod-plate-50-mmr—tiick =6 Weters width, & shear with circular-knives
capacity at 25 mm. plate making the cut either vertical or sce.rfing,,it
for welding, and a 1000 ton press made by Ehrhart u. Sehmer, Saarbrucken X
Cantilever Herringbone Rack and Gear, operated with electric drive and

hydremlic kickout, which is a particularly fast operating close pre-
cision press. . '

B U

[ -
"
‘{ v

| Thelr average welded work runs sbout 60-mm. in thickness. bub

.-'v(they :e180' meke quite a large number of veesele up to 105 maf, and any

length or dismeter required. \_
A\ . * . . .
: - Their stress relieving furnece 1s cepeble of ‘teking work
3 meters,in width, 4 meters in height, and 25 meters in length, with
& Very close range on the three heat controls. This is the largest
and beet stress relieving equipment in the entire pressure vessel in-
dustry, but it is out of operation and under repair at the present time.

They have 50 Kjellberg 500 KW welders end elso 2 Union Melt
mechines, both of the later temporarily out of operation from bombing.
They also have & large number of motor driven trunnions end pt least
10 or 12 positioners of various eizes.

I have shown in accompenying peges the clase of vork that

they do end included a cut of a catalyst over for the Fischer-Tropech .
Process of which they have built quite a number. Their heat exchengers
ere all of the welded tube variety, not being interested in the change-

eble tube nest type.

The worlmenship and product of this firm is of the highest

.-cali_bre and they rank with the top grade manufacturers in all Burope.

- - : 4

Deutsche Rohrenwerke, A.G., Thyssen Werke - Milhelm a/Rubr

Herr Cillex . Director

Dr. Simoneit Worke Directox

Herr Paul H. Inden Ingenieur end latespiotos

Herr Fiene Supt. Roechner Mill

Herr Gruber Supt. Plate Mills and Boiler dhop

The Thyseen Werke is one of the outstending preseure vowwoi
)

shope in all Germeny 'and makes vessels of all categories, perticularly
of the seamless and banded varieties. _ - i :

. ‘I have submitted separate reports in the following peges whioh
cover thelr activities in these 1lines. They ere the only shop manufacr

. turing’ the banded vessels; they also memufacture vessels under the

. .high,.gr.edeﬁandwtheyf..are~=conaideneda;awpotenpi;a,lf}mitj;p**yyqfntpe}faa.

Roechner Proce_e.g:_and._they_make_clad,.gtepl-ﬁoi‘-corfmgion-rgn-i-e~t;ene»r,
all three of theése items being covered under separate revorts later in
the text. - ' '

N

Their welded pressure vessel shop is well eqﬁi'pped., but this
is the mimor dme of their activities. - All of ‘their products are of a

vell'as ‘the pressure vessel indubtry. | ..

1 -
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Tvald Berninghaus, 71 - 73 Valken Strasse, Duisbur, Ruld.

Ewald‘. Berninghan's Director -
‘Dr. Greve 2nd Director

Thie firm is primarily a marine boiler and shipbuilding or-

genization; but, as a fill-in, they manufactured DPressure vesgels of
- mediym size, ' :

About the omly equipment they hed at this plant were 10 or .
12 welding mechines as they sent the plates to amother shop for scarf-
ing end rolling. |

X This plent is 2 negligible quantity in pressure vessel pro-
duction, but they informed me they had another plant in Herne e little
better equipped. ) - _

The Duisburg shope were 90% destroyed and the Herne plant
about 65%.

- -

Gronemeyer u. Banck Kesselsmeide - Brackwede-Westf.

This firm 18 a very small outfit doing nothing but stationary

boiler repair work.

They have w. do la the paosl a fow presewis voenole ol dight
thuto wud some heat exchung.rs with tules welded in  They nLave very
11ttle equipment, aund what they heve 18 very old.

Mol dteoie Hodedan,. A o WlitholmelOlos Alloe miraA huweos

T.ese peopl. no. .uilders of 8m.ll me.ine b.ilere oo, ,,..,
Lvute of 50 and 150 ATM pre.sure. They hed 1light equipment and .ave
never beesn considered im the Pressure vessel category,

The plant 1s 90% destroyed.

Borsig at this works was formerly fairly active in pressure
vessel manufacture of the forging class. They are Primarily an artil-
lex"y and high speed tool steel production firm, but all the ‘equipment
for pressure vessels and a.rtill.,‘ﬁl,‘.ywhad_.b.eenmevacuated-m-to--ZBerMn-wén

“hdgteTn Germeny im the .summer of 1943, - - o

\

They have & larger plant in Berlgn,wh,ich 1 _expect. to
later on., o : e .
A f - -

T . Yy
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Welther and Cie. - Koln/Delbruck
Herr Wolfram Ahn - Commercisl Director

Welther is strictly e boiler shop and has. neve;a manuf:c:;red.
ressure vessels of any other class. They do, however, have a ve
Eomplet‘e plant for the manufacture of boilers, but they buy their Qrumn
from Thyssen and Manneemann, ‘ - S

Peul Schutze, A.G. - Oggersheim - Palatinate

Directowr - Herr Schulte

-

Lo
This company is a emall repair shop but hae made a number of
small pressure vessels during the war. They also have worked on claed
steels to a small extent,

. The principal products ere small lead lined tanks and kettles
and also ensmeled kettles. :

-

They definitely are not a factor to be considered im the pree-
sure vessel industry. .
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Mannesmann Rohrenwerke - Huclkingen/Dudsbere - . ’ Presé;vUndi ,Walmeﬂgé::A,Gf = Dusseldorf -

Works ‘Manager ‘ Herr Ing. Otto Weinrich e b Menaging Director = Rudolph Krautheim
Director of Research Dr. Buckholtz. , , S s . Dirsctor 4. = Wilhelm-Martin
Asst, Manager of Works - Dr. Knapp . B ' ' ' ‘ ’ ) - . _
, , : . This firm is not particularly active in pressure vessel
oné of the most important units.in the manu- : manufacture with the exception of boiler drums. They have two methods
fagture of pressure vessels in all Germany. Their pressure vessel . of manufacture; first, the extrusion of boiler drums and second, the
work is carried on at Huckingen and Berlin. ' ‘ forging of -some few vessels,

The prineipal products at-Huckingen are pipe, boiler drums , They make a véry fine product under each method but are
end pressure vessels welded by either water ‘zas, electric are, or _ known particularly for the pressed boller drums,
Union Melt process. They have the shop laid out on a production ‘ :
bdsis - and they have the necessary equipment for any type of pressure
vessel up to a plate thickness of 104 m.m. The great majority of
their work averages about 60 to 75 m.m. thickmess;

Their equinment is excellent emd they have plenty of every-
thing. They cold roll plates to 60 m.m. thickness and have several
other rolls which will bhart@le 40 to 50 m.m. plates They have a con~
sidertble number of driven trunnions and positioners of all kinds,

........... —

They have progressed farther in the use .of Union Melt than
eny other firm in Germany. In fact, they are the pioneers in this
process in.Gernany. Their sét up at the Union Melt process is
particularly flexible as they heve a very well designed outfit to
hendle work of at least 4 meters diameter and 18 meters long.

Therc «re three separate installations for Union Melt, two
of whilch are used for prossure vessel manufacture and the other one
for pipe welding. They also use a small portable outfit on rails to
weld the inside geems.

Their. heat treating and normalizing equivment is one of
tho best in QGermeny being able to handle 3 meters diameter by 18
meters length. They handle considerable of the %ork of this type for
many of the other wressure vessel manufacturers.

Mannesmenn are considered in Germany, as the top ranl of
pressure vessel mamufacturers and their ‘executive and research per-
sonnel is of high calibre; their product is very high class gnd I
would rate them as the leading manufacturer with Thyssen Werke as a
‘¢loseé second, .- ' T
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LI ININARY RULLS FCR CALCULATING BANDED EIGH PRMSSURE VASSHELS

Banded high pressure vessels are menufactured, according to
Dr. Schierenbeck of I G, Farbenirdustrie A.G., by rolling profiled
steel bande in several or more layers, in & spiral with a width of the
various steps in the cross section of the band, similer to the spirel
grooves turned on the corepipe, which has & relatively low wall thick-
ness. The bands are rolled on a red heat, varying as to the use of the
vessel (hot or cold use), and shrink tight to the corepipe when cooled.
The thrust edges of the winding bands of the consecutive layers are
stegzered and the bands have a profile that grip into one enother of
two positions. The corepipe also has grooves turned on the outelde,
epirally, with width and pitch conforming to that of the band, thus
allowing the first layer to get a firm grip on the corepipe:

Through this rolling of the profile bands together and also
with the olamping action obtained by shrinkege of the outer layer on -
the corepipe and the succeeding layers on eech bther, e very homogenous

s:§ucture results, which allows the transmission of exiel forces with
sefety.

This band construction has been proven by various tests. Com~
pared with plein wall vessels, a higher strength is obteined, waich is &
resuld of better elaboration of material and a more even distribution of

tension. The superiority of thé banded vessel even allows us. to exceed

the elastic limit in some places, either in the manufacturing process or
in the operation; whereas with plain wall vessels, this condition must
strictly be avoidéd. ‘Naturally, a loosening of the bend from eny men-
ner of working influence must also be avoided. This may be teken care
of eitler by including the calculation of additional etresaeS'(perhaps
heat) beforehand or by close supervision of temjerature while the vessei
1s in operation (safety ageinst overheating and any other causes).

La Celculatlng The Wall Thicknese

Auworddpg to tests, the dietribution of the ulicules ud Meidon
#t4va... ralsed by internal pressure, correeponds to those of Lin.rs or
Corés wit. plain wells. Vhereas with plain wall liners, the longitudinal
stress ia f; 4 #. at any place, this value is exceeded with the bended
- ‘

at the liner. The rolled up band, however, on account of a greater fleal
blilty has e much lover velus. The rolling up process brings the inner

forces of Ahe liner or corsé in the circulsr direction umder compression .
preloed, the outer forces under tensile loed. o

As the value of this preload and that of the longitudinal strese
1e not exectly laid down, the stress calculation may only be déne with
the mean strength by internal pressure figured out with the help of the

A

shearing stress'hypothesis. This is

by o= o5 Bt
" 100~ "8

in ‘which - P Internal Pressure - Kg/cmz ‘ (1)
- ' d3-= Inside Diameter of Vessel - mm
B The Whole Wall Thicknees - . mm

‘Ag with banded vessels, a 1.6 times safety against deformation
of larger scele is sufficient on account of better elaboration of the
band material, the wall thicimess of the vessel should be made to suit:
the following condition .

p, (is less tnan) do,2
m (or equal to") 1.6

in vhich ‘O.Z a yleld point of 6riginal meterisl respectively of band

(2)

A [8

at working temperature. (Calculation should be based on e yleld point
0.7 timee the value of stress.)

The necessary wall thickneé; ie:
ay . dy

1.

A careful production process with regaid Lo the wrapplag of Lhe
Lauds will secure the comvlete compactness of the 1ndividual leyere. Any
allowances do not seem, therefore, to be required.

The yield point suould only be 1lneerted luio velsulallon se a
waalwum velue of 0.7 of the stress.

Ap alresdy mentloned, the siiceoiug lu walud ddrosbiox vi oo m
taluer wall, as well as in the core liner, caunol be dotermined acourate.,
by calculation. However, actual tests have indiecated that this axial
stressing is considerably less than the tengentlal stressing. An after
calculation of the safety in axial direction 1s, therefore, not necessary
with regard to the wrapped body, as well as tne full walled body and the
core liner. '

In order %o avoid too high longitudinal stresses in the pipe
core, ite wall thicknées should not be less than 10% (an in case of inter-
locking, 15%) of the totel wall thiclmess. The 15§ takes into account
the grooves turned in the core outer shell. The yield point of the core
liner should met be lower them thet of the wrepping materisl. Assuming
"a'.!%_.of.wthe.*wallmxhicknesa,.,consisting“of_mater.ial_wi.thwyield.*point‘of~

Bo.2y . ». the Tenaining "b"% of @ meterisl with yleld poiat fy p ~ then
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“equation (2) will heve the followiig‘form:n
S A ‘ -

by

'provided ftscannbt be proven thet a lower temperature drop is prevéiling.

As the pre-tension end the working stress at he inside of the
b.

‘ b s} ) o " vessel work in opposed directions, it is not necessary to test the stresses.

If the core liner hes a longitudinal seam, the yield point must be multi- I11,
plied by a weakeming factor, V = 0.9, OCalculation of the wall thickness :
according to equatiom (3) has to be performed with this new value.

Trensmigsion of Forces at the lMnde

In order to get & good transmission of the longltudinal forces
4 . from the flanges to the bands, the shrunk ring or rolled up flanges have
As the preloads resulting from wrapping up and also the ther- to have at least such a heizht that the shearing area (product of number
mal stresses of vessels working at higher temperatures rise.with am of actual grooves, times groove width, times circumference) equals the
increasing) of the wall thickness, it is recommended to 1imit the wall - " area of the well of the vessel : ' - )
thickness of wrepped vessels to not more than approximately 200 mm. as * , -
long 28 we do not hcve enough experience available as to the effect of - 1f
the aforementioned stresses. At the seme time only wrapped vessels for
well temperatures not exceeding 350° ghould be used. The material used band width in mm.
for the wrapping bands must be less sensitive to ageing from fatigue

] : groove width in mm,
end a minimum elongation, ¢5 = 15%, following the heat treatment required numter of grooves in band width
in the wrapping process,. ‘

outside diemeter vessel in mm,
‘area of well of vessel in mm?

"Il, Testing The Stress of Heat Tensions . '

_ - . the necessary number of groovee in
Under the influence of stresses evoked by interual pressure
énd heat on vessels working at higher temperatures and on account of ' :
a decrease in the yield point, & diminugtion or lessening of the F
shrinkage will take place. In order to leave a sufficient pre-tension 3.1416 x 4, x b
after diminuation of shrinkage and still have a good compactness of
the wrapplng after teking away the internal pressure, it ie necessary and Lhe Lolght of tLe flange 1e:
that on the outside the gum of the circiler tension evoked by the work
ing pressure -

# "
3.1416 x dg *ax
x ©
100 ° Uz -1
:‘A " Jhe rati. oL dlawctber [y}
dl ,

en. the neat tonsion which corresponds to the prevallin, teuwperaturs
drop Dy, then éw is approximately 0.2 x Dy (8)

end is not higker than 75% of the yleld point of the material at working

temperature. '

At wall temperatures up to 350° it has to be figured with a
temperature drop '

Dy = 0.2x S (with S in mm.)

N
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hANUFACTUhB OF BANDED VEoS LS

The wrapped band vessel was first brougnt out in
1940 by I. G. Farbenindustrle, A. G., 1n oraer to relleve
heavy forging and pressing equipment to some extent for
work in the production of other war materials. Actually,
1t was designed, not so much to relieve heavy equlpment,
but ‘rather to increase iacilicies for the production of
high pressure vessels. The shops capable of making vessels
for high pressures were scheduled to capacity and very few,
1f any, quit productlon of vessels for the manufacture of
other war items. It was an additional 'tacility to increase
the production of pressure vesselLs which were sorely needed
for the chemical, rubber, and petroleum industries. This
is the general consensus of opinion of most of the pressure
vessel manufacturers.

The banded vessel dld relieve to a certain extent
the pressure on the production capaclty of the heavy plate
mills, but this was counter-balanced by the load thrown on
the smaller bar mills.

The entire production of banded vessels was con-
centrated in one plant the Deutsches Rohrenwerke, A. G.,
Thyssen' Werke, Milheim e/Ruhr.

The veasel, uws deslpned vy 1. U. Parbouludustbilo
coei s in Lhe acccwpanylag drawing, rlgure No. 1, Page io
ot «hls report, shows & central core pipe 20 wmm. Lhick with
& wcrles of bands about 8 mm. tnick by 79 mm. wide, wrapped
s, frelly around tne core ipe.

‘thho U\.\;\JU.Aoive barldb waw dablord subed b Voo b .
o0 o wreping 1s steyped furwaid one or tw. sieps in oe-
dve tu w.raddle tie ap of avponJ.a\elv 1 wm. which ccurs

In  aci. wrapplng on eacn layer.

Lo vrder Lu plve bho Lliol vang wiap, sd WL w1
(od,. o0 Lue vore plpe, 1t 1s necessa:y to mucnine Lur. an
exac.ly similar upiral gruove the complete length of tie ...
plpe. he core pipe, .3 originaliy designed by I G. lFerber -
Industrie, had o miniwum thickness of 20 mm., bubt in subse-
gquent practice they found a core pipe of 25 mm, & betbtexr piuc
to use, mainly from the faet that 25 mm. pipe was avallable
more often than the 20 mm. pipe and also allowed the groove
turning without reducing the thilckness of snell too much.
Core pipes of various thickness to a mexlmum of 40 um. Nevs
been used.

- R8 =

°

The vessels were all built in standard sizes and
lengths, and the specifications of steel analysls had a wide
range, "uependent upon whether or not 1t was for hot or cold
use and other varled local conditions In the plant in wn¢ch
1t was to be used.

The. standard dlameters were 600 mm., 800 nm.,
1000 mm. and 1200 mm., and the standard lengths - 6 meters,
8 meters, 10 meters, 12 meters, 14 meters and maximum 18
meters. The ends were aliays covered, without exception,
with a bolted blind plate cover through which all connec-
tions and openings were made. They had been unable up to
the present time to take any connection. of any size through
the side wall, as any hole drilled through the side wall
would cut through the open space between bands at some
level of the wrapping bands. They had in mind making con-
nections through the side walls by drilling and inserting
nozzles and weldlng these Inslae and outslde but had not
produced ‘any in this manner at the Thyssen plant.® They had
no knowledge of I. G. Farbenindustrie attempting this at the
operating plants.

‘ The vessels were constructed for two operating pres-
sures. One, to operate at 325 atmospheres, was tested at a
pressure of 425 ATH. and the other class at operating pres-
sure of 700 ATN. to be shop tested at 925 ATM.. 'The "hot
use", or as they express it "hot going", vessel operated at
a temperature of 3500C aud Lhe "cold use" vessels at 20°G.
All vessels were reactors aud regenevabtors for "hot golngh
and washers for "cold golugh.

Tholr sbandard speoilloali e o jids wd v v e
Ltoals ol "gold golng" vessels with a te.sile strongth of
50-60 KGmm and & yleid point whicu wust be above 30 G.;
while the "hot golng" vessels required T.8. of 40 Kgume g,
a Y.P. above 20 KG.. The wrapping banas reyuired a 1v.S5. of
at least 50 KG. with & minimum Y.P. of 32 KG. for "hot goln
vessels. The specifications for the "cold golng" vessel
bands were about the same as the "cold going" core pipe
specifications.

In explalulng Luo wanalacburg vl Luo veasols, |
ask your tolerance, as it'may be necessary at various tim..
to break the contxnuity of the technique, to pick up some
point farther back in the manufacturing method,

The principal pleces of equipment are; rirst, a
colling machine with an electrilic heating element, and secoud,
a_heavy machine lathe whilch has an uwnwinding machine with

electric heating element %o heat the bands before applicatién

w20 -




to the core pipe.:

Tke bands are produced on The var mills with a
section as shown in the upper corner oi Figure No. 1, Page &
and sre delivered to the vessel siiop in wd To 40 muter coils.
The bands are specified 80 mm. wide with an 8 mm. standard
thickness but an overall thickness dimension oif 1U.8 mm..
This would give a depth of groove ol «.8 mu. with an approxi-
mate width of the groove of 15.5 mm.. You will note that
one end o the vand has a square vertlical with very small
. fillets top and bottom, wnhile the other end has a semiclrcu-
lar section. It was incended titut both ends have tihe square
vertical section, but difficulties in the rolling of the oar
dictated the round end on one end. ''he bars, when rolled
to a square vertical on both ends, seemed to form a small
projection ol excess material on the top or laying slue of
the band which prevented a closely wrapped vessel. It vas,
therefore, decided to accept the pand with the rounded edge
as the l'esser of the two evils. TUnfortunately, this gives
a gas leak as each successive ring is wound, whlch extends
the entire spiral length of the vessel in each layer; this,
however, has no effect on the vessel itself.

7

.As stated, the banas are delivered in ccils of 35
to 40 meters and they are immediately placed in the colling
machine to be unwound and recoiled un larger colls of 300
wmeters.

't o« bulad 1o \u‘uv-,uu\l Tao Lhiv od e wand o Ll oag
wei dwer.ae hoater elunent which neaws It to @ ceapesature
ol 98008 fo. annealing and recolling. IThe sucuessive coilw
ar  Llasi, weided bou Lihie enas Lo produce & sonblinuous band.
fhe heabor element 1s a resistauce heoaler with &5 volt
3500 AMP 300 KVA curroent and 1s &3 meters long. ‘the banu
travols Lhrough the heater at a speed of o 1.P.L..; aud 1f
it is t. ve used for "cold golng" vessel., it is luediat.,
recolled without any tempesing of the bang.

If the panus are to ve wsed iIn ravbrleallng "hol
wulun " vessels, immediately arter leaving vhe heating
element they are tempered over an air-cooled jet systenm,

14 meters long, Lo a temporature of 600°C. anu tuen recoilea

~pHe YecolLIng 1S necessary for two reasonst —Tirst,
annealing, and second, to get a coll long. enough to make at
least one or more complete wrapping of the vessel being fab-
ricated. Some of the largest vessels requlre as high as
21000 to 22000 meters of bands.
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_ . 'The core pipe, which has previously been turned in
another shop with & tain skin turning inslde and outslde full
lentth anw' the- spiral turned to match the grooves in the band,
is lalways about 300 to 800 mm.- longer tnan required dimension.
The grooves on the pipe are an 80 mm. spiral pitch whilch allows
for any variation in the 79 mm. width of the oand. The core
pipe may ve eiwier electric or water gas welded or of the
seamless variety. '

The wrapping maciine 1s a lathe without a tool car-

riage. On the back of the lathe, a travelllng carrlage 1s

attached which carries the entire wrapping and heating mechan-
1sm. ' N

. The core pipe 1s chucked in the lathe and the band
is fed thrbugh the electric heater which heats i1t to approxi-
mately 850°C for "cold going" and slightly less for '"hot
going" vessels. The hot band is attached to the core pipe
by tack welding, while the machine is turning, the lugs of
the band fitting into the grooves turned into the outer sur-
face of the core pipe. As the band progresses around the
spiral grooves, the entire carriage with coll and heater
travels ahead on the lead screw of the lLathe.

The band moves at a speed of 5 meters per minute
and the heater element is about 4 meters long. The uncoller
has an adjustable ovrake wihich holds just enough tension on
the band and core to insure a tight contact and at the same
time allow no deformation or eslongation to vhe band during
the winding process. The band, as stated vefore, 1s heated
to & temperature ol awout 850°C; and experience has proven
that, in order to get the correct and complete shrink fit,
it is necessary tLat cach separato riung around the vessel
have « definite close range. of cooling Lemperature as the
wrapping progresses.

The core pipe is waloer cooled, having a runnlng
stream ranging from one quarter full at the start of the
wrapping to a full pipe as the outer layers are applied,
preventing collapse of the core pipe, and cooling the banu.
They cleim that the band leaves the heater at 850°C and 1t
is necessary that 4 complete rings have heat ‘enough for

“shrinking a8t al MES.

tTall times. The Tirstor youngest—of the 4
bands with shrinkage carried a tempeﬁéture of 6009c, the

next one runs close to 500°6 the third ome 450°C and the last
of the four rings about 400°C. From that ring on, the tem-
perature drops so rapidly, due to, the inside cooling, that
they are not concerned sbout i1ts temperature. It 1s claimed

that no. shrinkage of any grealt amount.ls secured after the
comnletion of-the—fourth ring-from the-co;ling'machine.w'~
N . SRRl ,'} R . . o . - 51 '- [
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= The carrigge progresses to tne head end of ‘the
lathe; and at the end of the core pipe, the band is clamped,
cut off and tack welded., The successive bands are applied

in the same manner until the! desired thickness of the vessel
1s acquired,.

’ The applicatlon at the present time is about 5
meters per minute and they have been working on the possi-
bility of speeding it up to 10 or 12 meters per minute.

The entire proolem hinged on the design of a heating element
and the necessary investigation and experimentation in regard
-to the cooling of thé bands after they have been wrapped on
the core pipe. :

Referring again to Figure No. 1, Page &6 of the com-
pleted banded vessel, please note tinat they have several
methods of end construction. If the vessel had a shell
thickness sufficient to allow for tapped steel stud holes,
the ends were not built up with wrapped material on the
first few vessels. This, however, was discarded and the
practice adopted asshown in Figure No. l. The most popular
form was that showing the wrapped builduvup with a machined
forging shrunk.on the outslde, all of the stud holes being
In the wranped section of the end. ‘he other two sketches,
showlng the studs 1n elither the entire reinforcing ring or
half in the ring and the other half in the banded vessel,
were used to some extent with the preference shown to the
half and half construction. Thyssen were of the opinion
that the band build-up without any reinforcing ring was en-
tirely adequate, eliminating the expense of the forging and
the necessity of machining the vessel for the shrink fit of
the collar.

Due Lo Lhie Luct Lhab Lie band ouds stop and steast
al varlous polnts, the vessels are always nace long enough
8o that each end 1s machiine cut far enough to assure a com-
plete ring on each and every layer at each end. In fact,
in all cases the ends so cut off are used as test specimens.
As the successive layers are simply tack welded at the start
and finish, it 1s evident that as soon as this cut-off has
been made, the. vessel would 1mmed1ately release all ten31on.

; ;n—or&eP—%o—preven%—thﬁfr—%ﬂnrﬂinﬂrﬁﬁn%ﬁrﬂﬁmgs—on——~
the top layer are welded completely around the circumference
on each end, thus allowlng them to make the cut to trim up
the ends. After trirming the ends, the tongue ends of the
bands on the face of the cylinder often show loose, and it
1s standard practice to weld these tongues In. The vessels

s,

-
were drilled’ and bapped' and ;t Was’ my thougnt that in the‘
drilling and- tapping, the tool hitting the jolnts of the

| bands .wovld be likely to break orn chip. I am-informed that

they have never broken either a drill or tap from this cause.
The only. danger to a drill or tap is in the start of the hole,
where the loose tongues might break them.

The reinforcing‘ring ‘on the outside ls an unnecessary
expense, according to the fabricator, as the vessel is strong
enough and as the last three rings are welded together, there
is no likelihood of it relea31n tensilon.

The time factor in manufacturing is an important
item. I have been told that after the materlal, such as core
pipe and coiled-bands are ready, a complete wrapping can be
made of a vessel 800 mm. in dismeter and 14 meters long with
a wall thickness-of 150 mme In 5 to 6 daya of 20 hours each -~
this at their present speed of 5 meters per minute, and they
were hopeful of increasing that speed to & meximum of 12 m.
per minute. Even if they only increased it 8 or 10 N.P.l.,
you can readily see the decrease in manulacturing time.

They have produced only between 60 and 70 of these

- vessels, all of them,.of course, being for the I. G. Farben-

industrie A. G.. .

Several of the vessels have had bomb hits and the
damage shovwed only through the outer layer and in ho cases
beyond the second layer. The layers affected were immediately
welded to each other and to date théy have had no failure of
any vessel. e

I saw a test cut-out section oif one of these vessels
and cach and every layer could be definltely seen. The layers
In some cases showed open spaces between each other, which
while small, still were definitely not steel-to-steel contact.
This specimen also gave & very clear demonstration of the
open gap between the successive layers in each wrapping,
where the rounded end of the hand would not tit up to the
square ‘end.of the next band, giving a splral gas leak the
entire length of the vessel inieach layer. The vessel 1s
figured evidently to take caré of this discrepancy which

mrmmv—mmmrmlm—tmmngmﬁmmﬂ«

- In many of the vessels, they fitted an alloy lining

after the wrapping and plew 1t up.to fit the shell, saving
the cost of .clad steel.

- BRum

.G stated“earl1er7“tnie"ie”the oLy nEw Tt ype o f

'e?pressure vessel brought..out by the.Germans. dnring the couree
.,of the War.e.ﬁ. e : e
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EANUFACTURE OF . PRESSURE VESSELS BY ROECENFRPROCESS

" Tne Deutsche Rghrenwerke, A. G., Thyseen Werke,
I'tlheim a/Ruhr, in addition to tne wrapped band vessel,
also produce seamless vessel shells under the Roechner
Process. C ,

They have.two mills, the large one for vessels
800 mm. to 180 mm. dia. and the small mill which can
roll cylinders from 400 mm. to 1000 mm. dlameter.

The large will rolls shells of any tnickness from
40 mm. to 200 mm., but the average runs 150 mm. with a °
maximum length of 18 meters. The small mill can roll cy-
linuers from 40 mm, to 150 mm, with an average of 100 mm.
to 120 rm. and & maximum length of 15 meters,

The Roechner Process, in a few words, consists of
a series of inside and outside rolls working on'an ingot’at
the same time rolling and drawing out the steel to required
sizes. The large mill has a mandrel holding 7 rolls that
are adjustable but which are ldlers. The outsiae rolls
are 7 in number also and are, of course, adjustable, but
these rolls are the driving rolls, being driven through
pinions by two 7000 H.P. electric motors.

The Truablon wheeols carrying Lhe lupol sre movable
Lotl we, s, vertical and horizuntal, anu are also motor drive.

the dngube sre bured Lefore bLelng wenbt bto Lhie mlll,
(lie, w:v teab.d and twelve passes are made on thom bthrough
the .111 on the first heat. Ordinarily two heats are re-
guired t.. finlsn an osdinary sized vessel, Lut often wore
are requlred depending on th. slze and shell thlckness of

the deslred vessel.

All vossels arv slrcws rolleved as Thyssen Welke
Lus one ol the few large annealing furnaces used in pres-
sure vessel fauricating shops. 'Their furnace will handle
2 meters width, 2 meters height and 18 meters length.

~_ For.some reason, I. G. Farbenindustrle has always
specified that these vessels have a light cubt-Takén over
both inside and outslde surfaces.

Thyssen were opposed to machine turning the.shell
inside and outside as. they were able to hold the diameters
and_thickness to a very close margim under this process.

“ Here again they often £1t slloy linings inside < -
T e oy nngs AReTes

. |
o
«%

the'éompletéd vessel and blow them up to conform to the

- finished vessel, plug wélding‘them to-the outer‘shell_if

necessarye. | | |
The maximum size ingot tne mill can hanale is

110 tons. "he cost of these shells is approximately‘éo per

cent higher than welaed vessels. _ ‘
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FAKUFACTULE . OF CLAD STEEL

The manufacture of clad steel, or Plattierte Bleche
as it is known In Germany, ls of severll varieties, of which
tne method employed by the Deutsches Rohrenverke A. Ge. -
Thyssen werke, Duisburg a/Rubr is probably the oest.

’ There is no knowledge of any practice.of electric
welding alloy sheets cold fto carbon steel plates. There 1is,
however, the practice oi forming alloy linings to suit the
individual vessel, fitting the lining to the vessel and blow-
ing it up to set it in place. lore often than not, these
linings are then plug welded in spots, the plufs being spaced
sbout one-half meter to a meter apart. Some operators claim
that tney do not even go to the trouble of plufg welding as
they think 1t entirely unnecessary. In these cases, various-
alloys are used but the most liportant ones are stainless
steel, nickel and copper. -

The process employed by Thyssen is an hyarogen
welded process, the plates vein; assembled and then rolled
in the plate mill. They have a very wide range of combina-
tions, plating either one or both sides and use almost any
alloy, out principally copper, stainless steels of several
varieties, nickel, chrome, chrome molybdenum; silver and
unaer suvecial circumsteances brass.

Tholr prveess le wo followsy Tho pach 1o wmade o

: .o .. sbeel plates . n the outslde. The.e plutes have a
syt 1 str.p welued arownd the four sida .. This strly 1s Lo
be usod as Lhe seal and uvi.e s.z6 varies 1. accordance with
the sizes of the pack tu be msade up. The pack is always
made to clad two plates ot iecast witlh each roliing. Fre
gueutly when the heve roy drements for plutes to be clad
both silies, ‘he puch will ve bullt with the douwble ciad
plates on tuhe ilusice of tue sandwich.

Alftor Li o L»l&htﬁﬂ Lhave been ploopbred wllhh Lo oo
wlady, tue 8lloy cludding is laid Insiae and voverced with ¢
magnes. wn oxide paste. The second alloy claading is laid o
top of the paste and the top carbon steel cover closecs the
pacl\l

Plpe inlets and outlets for hydrogen are fitted
into two opposite sides with about 10 foot leads. The
sealing edges of the places are tnen welded all around end
the pack is ready for heatlng and rolling. The thicknesses
of the carhon steel plate and alloy cladding set up in the
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pack depend entirely on che thickness requiremcnts ol each
after tie plate has been finished-rolled. ' There 1s no reason-
able limit to the thicknesses requlred althoush {$he ,reat
majority run soout 1 to 2 mm. thickness of alloy. Agaln

the size of plates has no limit, except che limit of fur-
naces and mills. The rolling of clad steel 1s done at
Thyssen only on the 33 meter mill as the furnace and relling
crews on this mill are tie only ones competent to handle it.

The packs are charged into the furnace and the hy-
drogen fed trrough the lead pipes. The hydrozen is fed at
a very low pressure, just a few ounces above atmospheric
pressure. The pack is heated to required heat, the hydrogen
being fed during the heating until it comes out in flame at
the open end of the outlet lead plpe. ' ,

The packs are rolled at different temperatures,
dependent on the alloy to ve clad. Covpper pack rolled at
1000°C, nickel pack at 1200°C and remanit or stalnless pack
at 1200 C.

When the pack is drawn from the furnace at the
correct heat, the lead pipes on each siue are broken off
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