FIAT FINAL REPORT NO. 577

 UNCLASSIFIED

SURVEY OF THE LEADING MANUFACTURERS
OF
PRESSURE . VESSELS

....................

TIIC L.f. &1L, & | ‘

WARNING: Some products and processes described in this report may bé thé subject
of US. patents. Accordingly, this publication cannot be heId to give
any protection against action for infringement.

~ UNCLASSIFIED
JOINT  INTELLIGENCE OBJECTIVES  AGENCY

 WASHINGTON, = D. C.



OFFICE OF MILITARY GOVERNMENT FOR GERMANY (U.S.)
Office of the Director of Intelligence

ol

'FIAYL FINAL REPORT NO. 577 26 December 1945

I

SURVEY OF THE LEADING MANUFACTURERS
OF
PRESSURE VESSELS
BY
Moy W. GLlAnn

FoaL ...‘.,lllﬁb“uo UDJOO\A

LD INFORMATLON AGRNGY, LBGHNICAL

' '

.

sap e



“UABLE ‘OF CONTENTS -

Sub éct_“ ___ S | .

Gbjective =
Introduction
Discussion vl Industry

Classification of Important FlnmS”

Manufacturers Contacted

Reports on Indlividual Flrms
Calculation of Banded Vessels
Drawing of Banded Vessel

Sketceh of Band Profile
Manulfacture of Banded Vessels
Manufacture of Hoechner Process
Manufaciure of Clad Steel

Sketeh of Clad steel Pack
Tllustrations of Typical Products

~page No.

[AVAR AT

@ TR

1l

22
<6
<7
28
o4
36
3TA



OBJECTI%E

The purpose of this survey was to Investigete and evaluate
the leading and most important manufacturers of pressure 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 classes, 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 laun
certain equipment eud uro dependent upon one or two of the larger
shops t. a great oxteunt.

Lhenw those wan qae bevow b U sl uidul
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.

The uata for this roporu was obtained in a1 cases, from
dloousslunS Wit the Banufacturers Themseives, 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
evailable.

-



DISCUsSIoN

. The P.V. industry as 2 whole is not a diversified industry. There
are a great mumber of small .uops which limit themselves to general
repair work or a small epecielsy which they.have developed, perhaps

. in" cooperation with one or another of the manufacturing process
compenies. These can be discarded as immaterial to this discusslon.
The larger and better compsnies have shown considerable pro-
gregs 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 sew nothing outetanding in a general
wvay, but a small number of them are doing o very high grade of work.
Quite considerable of the work is Oxy-Acetylene welded, but the great
majority limit themselves to src-welding of the hand variety and I

saw no.gutomatic 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 Rohrenwerke A. G.,
Thyssen Werke, Milheim (Ruhr), have been particularly active in this
process and witl be discussed briefly in the later reports on indi-
vidual companies.

Yulle a uunmber of preswurec vossols lu Uorwamuy aie vlllor fuiged
o+ wl the vrossed scamless variety end uere they ave making au ex—
cetlent product. In addition, they of course make quite a few unde.
the Roechner Process. Boiler drums are a particuler product oz
either one ol these methode and they produce some very fine work

LYhe Uuel vl Vhowso Llypes of veosels Jo voiy huad Lo Llgure ou
ont f a wumver of facto.s, of whicn f£.rced labo., .xcessl.o
use of labor, and subsidation or the work 1n mauy ceses are conb..

buting l1tems. For the sake of a rough comparison of the varioue
types, one firm stated that where the cost of arc welded vessele
would run about 700 R.MKs per ton, the vessels manufactured under
the Roechner process would run about 800 R.M. per ton and forged
vessels approximately 1300 R.M. per ton. This relative comparieu.
was checked with several of the other fiims and the proportion of
costs seems to be fairly gemeral. No relative costs were obtainav.
on—the-bamted-vesselgs— T n e e e



The average good shops menufactire vessels with a plate thickness
of 20 mm to 50 mm, but the better ehops ere producing them up to 100
mn thickness. Of course, in ‘the forged and banded vessels, the thick- ‘
ness of the shells are considerably greater with a limit on the banded
vessels of approximately 200 mr, o

'

Their normslizing and stress relieving facilities are not com-
parable to ours as s great number of them do not have the equipment
end 1f ealled on to do this, they send the completed vesdels to
other shops which have the necessary installation,

The 1argget furnaces are limited to three meter dlameter vesselg,
and a maximm length of eighteen meters. This ig roughly nine feet

diameter by fifty five foot length and there are only two of this
capacity., -

In the case of longer vessels. they stress .vlieve 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 bhilt around the weld of the vessel to
be stress relieved.

In regard to X-raying the welds, only the larger firms g0 into
this very thoroughly, and they report very satisfactory results
after the instructional period has been completed.

The outstanding now bype ol pressure Vossol dovelupod ig the
wrapped Land vessel as designed by I.G. Farbeninaustrie, A.G. and
wanufactured by the Deutsches Rohrenwerke AiG.-Thyssen Werke, Mil
heim a/Rubr. A dis.ussion of the manufacture and also a translati.
of the methoa or calculating stresses will be submittea in later
pages of thls report, '

Lhe Wranedatliovu ol Lho wlives 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 glven to the write,
by one of the manufacturers.



MANUFACTURE OF PRESSUBE VESSELS - IN OARBON
AND ALLOY STEELS FOR CHEMICAL INTUSTRY IN
~~ THE RUHR DISTRICT

Group I
Nome and Location Type of Production  Note
. Industrial Capacity
oy Elant
A. Mekers of seamless rolled or
seamlesy forged vessels
1. Deutsche R8hrenwerke A.G, Steelv"v}o'rks, High Seamless
Thyssen Werke Drum and Plate : rolled
Mitlheim ~ Ruhr Shops Rbéchner
Process

Banded vessels

2. Friedrich Krupp " " High Seamless forged
Essen-Ruhr .
3. Press~und Walzwerk A.G. Press shops High Seamless forged
Dusseldorf Forge ghop : Pressed drums
Steel mill
1 Huolmmolall buisly A u Steel works Hlgh  Boawmloss fuiged

Dusseldorf-Berlin
(Tegel)

machige, ena
vessel slLop



PRESSURE VESSEL_MANUFACTURERS, CONT.

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

B. Makers of High Pressure
Vessels, Hydrogen Welding

1. Deutsche RBhrenwerk A.G. Sfeel works,

Thyssen Werk Drum and
Milheim-Ruhr - Plate shop
2. Mannesmsnn R8hrenwerk A.G, Fipe and
. Duisburg-Huckingen Vessel shop
3. Rheinmetall-Borsig A.G, Steel Works
Dusaeldorf-Berlin Machine &
(Tegel) Drum shops
4, Ruhrstahl:A.G. Steel Verk
Werke Henricheshtitte Vessel & Drum

Witten-Ruhr shops

High

High

High

Mediun



 PRESSURE VESSEL MANUFACTURERS, CONT.

Name & Locabion S ’_I.'mg__gﬁ ‘ Produgti on
N Ingugtrisl Cepeclty
‘Plant

.C. Makers of High Presémre Vessels
Electric Welding

1. Deutsche R#hrenwerke, A«G.  Steel Mill High
Thyesen Werk Drum and
Milheim~Ruhr Vessel shops
2. Friedrich Krupp . " " High
Essen-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.



PRESSURE VESSEL MANUFACTURERS, CONT,

Neme and Location “ Type of .  Production  Hote

Industrial Capacity
Plant

Makers of Medium Sized
Plate work and Vessels
for Medium Pressure

1. Deutsche Rohrleitungsbau Machine High Chemicael Industry
A. G., Dusseldorf and Vessel
shops '
2. Gutehoffnungshutte
Oberhzusen-Sterkrade " " High "
3. Dortmunder Union " " High L

Brdickenbgu A. G.
Werk Orange-Gelsenkirchen *

Dortmund~Ruhr

4. Kl8clkner-Humboldt Deutz A.G. n Medium "

- K8ln-Deutz

O, Willho-Werke, A.6. " " Modluwm "
Braunschweig

v weedd Boiwluglha. NTSY TR [ FAVYRTIW
Dui sburg Boil r eh,,

¢+ Voiolgnlgle howeo, . Botlor slwp Moaiiw

A.G. Dusseluorf

o Waltiwor & Vle, 4 u Boddox mhop Modda.

K8ln Dolbrdik

Y wWilhelm Ktsters builes & Mod ) wum
Aachon Veseel shuyp.



ADTUR:ES CONTACTED

Vereinigte Deutsche Metallwerke, A.G. Hesse Straese, Frankfurt/
) . ‘ Heddenheim
Lurgl G. fur Chemie and Hﬁttenwesen Gervinus Straesse, Frankfurt
: Target - 31/86
i .
Kuknle, Kopp & Kausch ‘ Frankenthal
Maschinen Febrik Esslingen - Esslingen/Stuttgart
W. Schiltze Lechtmetallbau h Feuerback/Stuttgart
M, A. T ' Nurnberg
Augsburg
Gustaveburg
Stahlwerke-Rachling-Buderous Wetzlar
Samesreuther and Co. G.m.b.H, Butzbabh
Warmefang u. Ventilaforbau Hackethal Strasse 71

Langenhagen-Hannover

Fromothous Werke 4. fur Appasaicbau Yntenfangweg 12
Herrenhausen/Hauuov e

Lubuouh Weiho Vborheusen
dutebiof inungen Ui« .. Stcrlu:ade/m,w Liaiman
1]
Voutsche HOLyrouwer, oA ) Mul holm/KLla
Hwald Bo,alugheus 7l Vulken St, ..
Dvisburg khla.
Uronemeyor . Bemeh Loaec.o . aa. Brackwede - Wosty
Schuwldteche Holsdem, A 4. Wilholmelioher' Ally 247
Kessel
Rheinmetell-Borsig A.G. Ulmen Strasse 126
N Grafenburg - Dusseldorf

(]
Welther & Glo. Koln-Delbruck



Peul Schutze A.G. "Oggershein - Pelatinate

Mannesmenn R8hrenwerke A.G. - Buckingen/Duisberg

Press und Walzwerke A.G. Reisholz and Disseldorf
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Vereiniztc. Deutsche Metallwerie, 4. . - Heddenhein/Frankfurt
Director: Herr K. 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 sheats

with copper, hickel or aluminum for the manufacture of coins.

I was 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 Dulgburg they ﬁake condenser tubes of plated material,
70% Copper, 20% Zinc and 107‘3 Tin. Due to the shortage of Tin, they
changed the analysis to 76% Copper, 2% Aluninum, 22% Zinc.

Dulsburg also wakes heal eachsuger tubos of 36% Cuppor aud
4% Aluwloum,

Dr. Fhilippl - Dir. Manager - Dulsebuwig Planu

Dr. Baum ~ Chem. Metellurglst

- 11 -



Lurgl G. fir Chemie & Rt tenvesen - Gervinus Strasse 17 - 19 - Frankfur

Direcﬁor Behlert

i

This is an engineering and design firm entirely.’ They aasume
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 atated that all their vessels were built by
Mannesmann or M.A.X, at Guatayeaburg.

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.

l
# ‘

- am e e

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) Bosboendudust do
A v aaaeg the war, but p.essure vesseis ere n.t a st.ndard product with

ther  Theix products are compressors, smell steam wurbines and axial
flow fans.

Thoy have mede 6 or 1V mgltaturs of stainlese clad steel fos
I. 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 stainlees cladding 2 mm,., The clad steel
furnished by Deuteches Edeletahlwerke, Krefeld, who are associated
with Deutsche Rohrenwerke A.G., Milheim a/Ruhr

Kuhnle Kopp & Kausch are not a factor in pressure vessel
manufacture.




Maschinen Fabrik Lselingen - Eealingen/Stuttgarm

Dr.I hudwig Kessler"~' First Director

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

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 program. .

W. Schiltze Lechtmetallbau - Feuerbach/Stuttgart

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

The plant is entirely destroyed. s

M. AL M. . N\'iruberg

This plant Loe wol wade ahy prosswro 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 N"s.‘rnberg before end through the weas they manufactured cowd
and ore bridgee,cranea, dlesel engines, auto trucks and prime movers,

- . -

M. A. N. - Augsburg

Chief Director - Herr Otto Myer
~Hetallurgiet—=—>Profs—Er+E;—Sovensen—
Acting Director - Herr Meyr

.. They have made no pressure vessels at\Angaburg and informed me

" that their pressure vessel business vas carrled on &t the Gustaveburg
——pliante e

.
'

- Lt

i -1‘3_»‘_ .



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

Diréétor ) : Rﬁinhart
Director _ Hibner
Supt. Boller Shop Hexr Silberhorn

!

This shop produces pressure vessels to a smzll extent for the
chemical industry. They also make waterless gas holders, bdridges, pon-
toons, submerine sections and are the largest producers of roller dams
in Burope. .

They use electric arc and Union Melt and have been getting very
good results with Union Melt up to 50 mm. thickmess. 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 adjustable horizontally
and vertically. The two outside bottom rolls adjustable vertically.
They do all cold rolling and tne machine cen handle 100 mm. 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
.wwvite ..@ problematicel. They also have une of the iarges. stroes
rellevi.g furnaces in Germany and can haendle vessels & meters diamete.
with a maximum length of 15 meters.

They have nover worked ovn ¢lad métale aud have uul Losn paitl
sebeady aublve in pressure vessel produciion. thel. pariicular epscialt,
is on roller dems and closed gate (double) dems. They heve built the
great majority of the dame in the Upper Rhine and various other rivers
in Germany, others in Norwdy and Sweden, and one on the Grand River 1n
Colorado for the United Ste=tee Reclemztion Service.

Stahlwerke -~ Rochling - Buderous A.G. -- Wetzlar
Metallurgist ~ Dipl, Ingeneur Otto Lucas

This plent was supposedly a fastor la the chemical induatry

for towers_| and.xeaeels._but they,have-neve:_madeuany,equipment of_thiuw
kind.

“ 14 -



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

They haxe one anelysis of stainless - 18% Chrome, 8% Nickel,
O 08 to 0.15% Cerbon - but their normel production is 20% Chrome,
10% Nickel’ and 1.2 to 2 5% Molybdenum which is very eimiler to Krupp's
Stainleess V2A.

Sameé;euther‘and Co., - Butzbach

A small shop doing considerable locomotive 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 indentationa press into it before rolling, and ea¢h of the

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

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

Warmefang u Ventilaforbeau - Laugenhaéen/ﬂannover

This firm 1s entiroly out of the vessel bLusluces as Il 1o «
total suln from bombs. Their piincipal product wue small heat ex-
changers of cast iron with rolled tubes and cast iron economizers 1u
banke for stationary boilers.

L, vwelblhious Woea ko [ STV o.Al.L.\.-vAl/u.\nnu [N

.4his 1. . small plate shop doi. ... Y R
medlun size. Their largeat capecity ip pl te of 30 ma. thxcknena.

They have sbout 8 welding outfits and one Kjellberg eemi
amtomatic 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 is called
for, they ship the vessels to the Ruhr shops' to have it done. There is
nothing outstanding in thelr practice, and they are comparable to our
ordinaery small shop.

- TR



ngéock Verke - Oberhauesen

Director -~ Herr Ja.ﬁtecha.-

~ Babcock Werke have limited their production to boilere 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, Dusseldorf,
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 working on boilerirep'airs for
“he coal mining industry.

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

Hoxx Kollorman Ghleof Director
Herr Muhla Acting Directox
Dr. uvtto Zechou u., .. Chief Metallurgi..
Her:s Schuls Chief Engineer and Mun.,..
Herr Fleischer Supt. ~ Boiller Shoys
Thle su... . +d plove ehop aud can baudd. ... .,

thie beavlodt cimes. Yo p,ate .nd boller shop is oue or the a.ny Q,£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
hydraulic kickout, which is & particularly fast operating close pre-
cision press. .

[P RRUNI S
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S '-Their,av_,.éi?‘age, welded work rums sbout 60-mm.-in thickness, but
they :also meke quite a large number of veesels up to 105 maf, end any
length or dismeter required. ‘ - : \ . -

\ . * . . .

: Their stress relieving furnace {e capeble of teking work
3 meters,in width, 4 meters in height, and 25 meters in Yength, with
& Very close range on the three heat controls. This is the largest
and best 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, botha of the later temporarily out of operation from bombing.
They elso have & large number of motor driven trunnioms and pt least
10 or 12 positioners of various eizes.

I have shown in accompenying peges the clase of work that
they do end included a cut of a catalyst over for the Fischer-Tropsch .
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. ' o .

. The worlmanship and product of this firm is of the highest
calibre and they rank with the top grade manufacturers in all Burope.

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

Herr Cillex . Director

Dr. Simoneit Worke Directox

Herr Paul H. Inden Ingenieur end Interproves

Herr Fiene Supt. Roechner Mill

Herr Gruber Supt. Plate Mills and Boiler dhop

The Thyssen Werke is one of the outstending pressuce vowees
shope in all Germeny 'end makes vessels of all categories, perticularly
of the seamless and banded varieties. ) i ’

} I have submitted separate reports in the following peges which
cover their activities in these lines. They ere the only shop manufac-
turing the banded vessels; they also memufacture vessels under the
Roechner Prgge_gg,‘_and._they_make-clad,.steel-ﬁoi'-cox'frpgionfpga—i-&f{e_nee;————w—»
all three of theése items belng covered under seperate revorts later in
the text. - ' '

‘Their welded preseure vessel shop is well equipped, but this
ia the mimor dme of their activities. - All of their products are of a
.uhigh,.gr.e}glo_4.\azx<1~.1;11eyﬂv..au-.emcc:m:a:idered.a;a.wpot‘.en1;1-a.1~_~~j¢ni.-'cai.-»n**i;l.1e_wn_;e‘e]‘.fjna‘.aj*-~
well as the pressure vessel imduétry, "~~~ 7 T

X AN
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Ewald Berninghaus, 71 - 75 Tulken Strasse, Duisburg, Rhld.

Ewald:Berninghanb Director
‘Dr. Greve ' 2nd Director

Thie firm is primarily a marine boiler and ahipbuilding'or-
genization; but, as a fill-in, they manufactured DPressure vessels of
- mediym size, ' :

About the only equipment they had at this plant were'lovor .
12 welding mechines as they sent the plates to amother shop for scarf-
ing end rolling. |

This plant 1s 2 negligible quantity in pressure vessel pro-

ductfbn, but they informed me they had another-plant in_Herne'a'little
better equipped. ) :

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

Gronemeyer u. Banck Kesselsmeide - Brackwede-Westf.

This firm is a very small outfit doing nothing but stationary
boiler repair work.

They have w. do la iho paol a Loew pressuwlo vossole ol light
thute wud some heat exchung.rs with tules welded in  They nLave very
11ttd, equipment, aud what they heve 18 very old. ’

Moboohdteoiie Mobedin,. A WltholmelOlos Alloe mNirA huweos

T.ess peopl. no.  .ullders of 8m.ll me.ine boilers co, ,,..,
Lvate of 90 and 150 ATM pre.sure. They had 1light equipment and ,.ave
never been considered in the Pressure vessel category,

The plant 1e 90% destroyed.

Borsig at this works wae formerly fairly active in pressure
vessel manufacture of the forging class. They are Primarily an artil-
leyy and high speed tool steel production firm, but ‘all the ‘equipment
for pressure vessels and artillery hed_been.evacuated-to-Berlin-and —

“Eastern Germeny in the .summer of 1943, - . [T,

[ i

They have ‘& larger plant in Berl}n,which I expect. to vigit. .
later on. - P - ' -
AR : -
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. L i "y,
Walther and Cie. - Koln/Délbruck

Herr »Wolf:ram A - Commercisl Director

Welther is etrictly e boiler shop and has never menufactured .
pressure vessels of any other claes. They do, however, have a very
complete plant for the manufacture of boilers, but they ‘buy their drumu
from Thyesen and Manneamann. b

Peul Schutze, A.G. - Oggersheim - Palatinate
Directoxr ~ Herr Schulte

—

, . I
This company is a emall repair shop but has mede a number of

smell pressure vessels during the war. They also have worked on cled
steels to a small extent.

The principal products ere small lead lined tanks and kettles
aad also enameled kettles.

......

They definitely are not a factor to be considered in the pres-
sure veesel industry .

oda ‘1‘9~;-



Mannesmann Rghrgnwénke -'Huckin}gén/misbei'g a
Works Menager - Herr Ing. Otto Weinrich
Director of Research =~ Dr, Buckholtz ,
Asst. Manager of Works - Dr, Khapn , T

Herme smann a;e one of the most important ‘u:o,its in the manu-
fagture of pressure vessels in all -Germany. Their pressure vessel.
work is carried on at Euckingen and Berlin. ' ‘

The prineipal products at- Euckingen are pipe boiler drums
end pressure vessels welded by either water . ‘zas, electric are, or
Union Melt process. They have the shop laid out on a production
basis - and they heve the necessary equipment for any type of pressure
vessel up to a plate thickness of 104 m.m. The great maJordty of
their work averages about 60 to 75 m.m. thickness,

Their equi-ment is excellent emd they have plenty of every-
thing. ®Chey cold roll plates to 60 m.m. thickhess 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
varticularly flexible as they heve a very well designed outfit to
handle work of at least 4 meters dlameter 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 manufacturers and their executive arnd 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
‘¢lose second.
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' Press Und: .Wel'zvferkéi,‘A.G“ S ‘Dha‘sé.."eldqrf

Managing Director = R\idolph Krautheinm
~Director - 4. - WilhelmMartin -

. This firm is not particularly active in pressure vessel
manufacture with the exception of -boiler diums. They have two methods

of menufacture; first, the extrusion of boiler 4rums and second, the
forging of -some few vessels, :

They make a véry fine p_roducf under each method but are
known particularly for the pressed boller drums.



ERLININARY RULLS FOR CALCULATING BAWDED EIGH PRUSSURE VASSELS

Banded high pressure vessels are manufactured, according to
Dr. Schierenbeck of I.”G. Farbenirdustrie A.G., by rolling profiled
steel bande in several or more layers, in & spirel with a width of the
various steps in the cross section of the band, similer to the spiral’
grooves turned on the corepipe, which has a 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 heve a profile thet 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 leyer to get a firm grip on the corepipes

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

structure results, which allows the transmission of axial forces with
safety.

This band construction has been proven by various tests. Com~
pared with plain wall vessels, & higher stremgth is obteined, which is a
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 1limit in some places, either in the manufacturing process or
in the operation; whereas with plain wall vessels, this condition muet
strictly be aveideéd. ‘Naturelly, a loosening of the bend from eny men-
ner of working influence must also be avoided. This may be teken care
of either by including the calculation of aedditionsl stresses (perhaps
heat) beforehand or by close supervision of temjerature while the vessei
1s 1n operation (safety against overheating and any other causes).

La Celculatlng The Waell Thickness

Auwvrddpg to tests, the dietribution of the Ulicuwlen wud bedi.on
#taoan.. ralsed by internal pressure, corresponds to those of Lin.rs or
Corée witu plain wells. Vhereas with plain waell liners, the Longitudinal
stress is gy 4 #, at eny place, this velue is exceeded with the bended

2

at the liner. The rolled up band, however, on account of & greater fleal
bliity has & much lover velue. The rolling up process brings the inner

forces of he liner or coré im the circulsr direction uader compression .
preloed, the outer forces under tensile load. o ‘

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

S S S Y

n 100 8
in ‘which - P = Internal Pressure - Kg/cmz (1)
- ' dy- = Inside Diemeter of Vessel - mm
8 =» The Whole Wall Thickness - - mm

‘Ag with banded vessels, a 1.6 times safety against deformation
of larger scale is sufficlent on eccount of better elaboration of the
band material, the wall thicimecs of ‘the vessel should be made to suit:
tne following condition

p.  (is less taan) g, |
"o (or equal to’ e 1?62 (2)

A [8

in which fg g = yield point of original meterial respectively of bend

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

The necessary wall thickneé; ie:
ay . dy

2z ‘;mzul X ;%g -1 2x lggg X ;%g -1
1.6

(23)

A careful production process wilh regasd bLu bhe wrapplug of e
Lauds will secure the comnlete compactness of the i1ndividual layers. Any
allowances do not seem, therefore, to be required.

The yield point euould only be 1neerted fatoe calvulatlon se a
waalwum velue of 0.7 of the stress.

Ap alresdy mentlomed, the silrceslug lu walud ddrosllon vs v o
taluer wall, a8 well as in the core liner, cawnot be do.termined wcourate.,
by calculation. However, actual tests heve indicated that this axial
stressing is considerably less than the tangential stressing. An after
calculation of the safety in axial direction is, therefore, not necesseary
with regard to the wrapped body, as well as tae full walled body and the
core liner. '

In order %o avoild too high longitudinal stresses in the pipe
core, ite wall thickneéss should not be less than 10% (an in case of inter-
locking, 15§) of the total wall thiclmess. The 15% takes into account
the grooves turned in the core outer shell. The yleld point of the core
liner should met be lower then thet of the wrapping materiel. Assuming

,_mia"% of.the.wall..thicimess,.conslsting-of materiel -with-yield point_of _
‘0 2. ‘the. remaining” "% of a meterisl with yleld point ﬁo 21 then
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cequation (2) will heve the followiig‘form:n

by = 1 (a x # B x o ¥ =)
T (T0 % 0% + 100 "0-211 y (@)
If the core liner hes a longitudinal seam, the yield point must be multi-

plied by a weakemning factor, V = 0.9, Calculation of the wall thickness
according to equatiom (3) has to be performed with this new value.

As the preloads resulting from wrapping up and also the ther-
mal stresses of vessels working at higher temperatures rise with am
increasing) of the wall thickness, it 1s recommended to 1imit the well -
thickness of wrepped veesels to not more than approximately 200 mm. as
long as we do not hove enough experience available as to the effect of -
the eforementioned stresses. At the seme time only wrapped vessels for
wall temperatures not exceeding 350° should be used. The material used
for the wrapping bands must be less sensitive to ageing from fatigue
and a minimum elongation; ¢5 = 15% following the heat treatment requlred
in the wrapping procese.

"Il, Testing The Stress of Heat Tensions

Under the influence of stresses evoked by intermal pressure
énd heat on vessels working at higher temperatures and on account of
e decrease in the yield point, & diminuation or lessening of the
shrinkage will take place. In order to leave a sufficient pre-tension
after diminuation of shrinkage end still have a good compactness of
the wrapping after taking awvey the internal pressure, it is necessary
that on the outside the sum of the circiler temsion evoked by the worl
ing pressure -

4
ALk A \’ " a‘f " Jhe rati. oL dlawctber [y}

enu the mnoat tension which corresponds to the prevallin, tewperaturs
drop Dy, then ¢ is epproximately 0.2 x Dt (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 = 0.2xS (with S in mm.) \ o

B



provided ftscannct be proven thet e lower temperature drop is prevailing.

As the pre-tension end the working stress at the imside of the
vessel work in opposed directions, it ies not necessary to test the stresses

III. Trensmission of Forces at the l¥nds

In order to gef 8 good transmission of the‘longitudinal forces
from the flanges to the vands, the shrunk ring or rolled wp fleng ges have
to have at least such a heizht that the shearing area (product of number

of actual grooves, times groove width times circumference) equels the
area of the wall of the vessel

If
B = band width in mm. N
b = groove width in um.
n = nqnumber of grooves in band width
dg = outside diameter vessel in mm,
F =

‘area of well of vessel in mm?

the hecessaryvnnmber“of groovee in

g = F ‘ (8)
20416 xd, x b

wand Lhe Lolght of LLe flange 1s:

y & )
n - LXB ) Y X
n 3.1416 x dg © ax (22
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NMANUFACTURE OF BANDED VESSELS_

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 production of vessels for the manufacture of -
other war items. It was an additional tacility to increase
the production of pressure vessels 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 did relieve to & certain extent
the pressure on the production capacity 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
coet e in che acccowpanylog drawing, rlgure No. 1, Page o
ol vtls report, shows a central core pipe 20 wm. Lhick wilh
& seiles of bands about 8 mm. tuick by 79 mm. wide, wrupped
s, frally around tue core ipe.

‘thho U\.\;\JU.Aoive barldb waw dablord subed b Voo b .
.o« o wrep iog 1s steyped furwaid one or tw. sieps in or-
do. tu u.raddle tue ap of approsizavely 1 wm. which ccurs

In waci wrapping on each layer.

lu vrdet Lu glve Lho lciol vanu T I
¢+ 4, 0 Lle core plpe, 1t 1s necessa,y to macnine bLur. an
exac.ly similar upiral gruove the complete length of tLie ...
plpe. rhe core pipe, .3 originaliy designed by T G. lresber-
Industrie, had . miniwum thickness of 20 mm., bubt in subse-
guent practice they found & core pipe of 25 mu, & betbex pius
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 wlthout reducing the thickness of snell too much.
Core pipes of various thickness to a mexlmum of 40 um. Navas
been used.
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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- standara diameters were 600 nm., 800 nmo.,
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-
nectlons through the side walls by drilling and inserting
nozzles and welding these lInslce and outside but had not
produced ‘any in this manner at the Thyssen plant.‘ They had
no knowledge of I. G. Farbenlndustrie attempting this at the
operating plants.

‘ The vessels were constructed for two operating pres-
sures. QOne, 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 operubed at

a temperatuxe of 3500C¢ aud the "cold use" vessels at 20°¢.

All vessels were reactors aud regenevators for "hot golng"

and washers for "cold golug".

Thelr sbandard spoevlilleali s «w jiida wd vos o 1.
Ltostas of "gold golng" vessels with a te. s1le strength of
50-60 K@M and a yleid point whicl must be nbove 30
while the "hot golng" vessels required T.S8. of 40 KGmm a“.
a Y.P. above 20 KG.. The wrapping bands reyuired a 1.S. of
at least 50 KG. with & minimum Y.P. of %z KG. for Whot goln
vessels. The specificatlions for the "cold going!" vessel
bands were about the same as the "cold going" core pipe
specifications.

In explululng Los manulasburs vl Luov veasels, |
ask your tolerance, as it'may be necessary at varlous tim..
to break the contxnuity of the technique, o pick up some
point farther back in the manufacturing method.

The principal pleces of equipment are; rirst, a
colling machine with an electric heating element, and secoud,
a_heavy machine lathe whlich has an unwinding machine with
electric heatin'T element uO heat the bands before applicatlon
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to the core pipe.:

Tke bands are produced on the var mills with a
section as shown in the upper corner oi Flgure lNo. 1, Page &7
and are delivered to the vessel siiwop in ub to 40 wmeter coils.
The bands are specified 80 mm. wide with an 8 rm. standard
thickness but an overall thickness dimension oi 1U.8 mm..
This would give a depth of groove of .8 . with an approxi-
mate width of the groove of 15.5 mm.. You will note that
one end or the vand has a square vertical with very small
. fillets top and bottom, while the other end has a semicircu-
lar section. It was invended titut both ends have tihe square
vertical section, but difficulties in the rolling of the oar
dictated the round end on one end. The.bars, when rolled
to a square vertical on both ends, seemed to form a small
projection ol excess material on the top or laying; siue of
the band which prevented a closely wrapped vessel. It was,
therefore, decided to accept vhe pand with the rounded edge
as the lesser of the two evils. TUnfortunately, this gives
a gas leak as each successive ring is wound, walch extends
the entire spiral length of the vessel in each layer;: this,
however, has no effect on the vessel itself.

.As stated, the banas are delivered in ccilg of &5
to 40 meters and they are immediately placed in the colling
machiine to ve unwound and recoiled in larger coils of Y500
mebers.

Five bubid 1o anwouad Ja Lhv oo e wnnd v Lo
wei 1woi.ac hoater slunent which neavs it Lo & cempecature
ol 98008 fo. annealing and recoiiing. The sucvessive coilus
ar  Llasi, weided bu btihe enus to produce & vonbinuous vand.
fhe heator element 1s a resislaunce healer with 25 volt
3500 AMP 300 KVA curront and is 33 meters long. ‘rhe buauud
travels Lhrough the heater aL a speed of v I.P.i.; aud 1f
it is t. be used for "cold golng" vessel., it is lumedaal.y
recolled without any tempesing of the bang.

If the banus are to we wsed In fabrlealluy "ol
euln " vessels, immedlately arter leaving che heabing
element they are tempered over an air-cooled jet system,

14 meters long, Lo a temporature of 600°C. anu tien recoiloa

~PHe Yecolling is necessary for-two reasonss —first,
annealing, and second, to get a coll long. enough to meke at
least one or more complete wrapping of the vessel belng 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 & tnin skin turning inslde and outslde full
lentth anw' the- spiral turned to match the grooves in the band,
is falways apout 300 to 80O mm.: longer tnan required dimenslion.
The grooves on the pipe are an 80 mm. splral pitch whilch allows
for any variation in the 79 mm. width of the pband. The core
pipe may ve eiuier 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 carriage 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 it 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 fgrooves, the entire carriage with coll and heater
travels anhead on the lead screw of the lathe.

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 which holds just enough tension on
the band and core to insure a tight contact and at the same
time allow no deformation or slongation 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 that cach separato ring around the vessel
have » definite closec range of cooling Lemperaiture as the
wrapping progresses.

The core pipe Is waloer cuoled, Laving 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
sHfinE{ﬁg‘EfTaII‘fIméﬁtf*THEfrtrst“UquUungest—vf—the—Qmw~
bands with shrinkage carried a temperature of 600°g, the
next one runs close to 500°6 the third one 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 about i1ts temperature. It 1s clalimed
that no shrinkage of any great amount . is secured after the
comnletion-of-the—fourth ring-from the colling machines -
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. The carrisge progresses to thé 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 tihe design of a hecating element
and the necessary investigation and experimentation in regard

-to the cooling of the bands after they have been wrapped on
the core pipe. :

Referring again to Figure No. 1, Page & 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 builduvp 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
helf 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 sbtop 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
end finish, it is evident that as soon as this cut~off has
been made, the. vessel would 1mmediately release all ténsion.

; ;n—or&eP—%o—preven%—thﬁfr—%ﬂnrﬂinﬂrﬁﬁn%ﬁrﬂﬁmgs—on——~
the top layer are welded completely around the circumference
on each end, thus allowing 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 eylinder often show loose, and it
1s standard practice to weld these tongues In. The vessels
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were drilled’ and bapped' and 1t was’ my thougnt that in the
drilling and tepping, the tool hitting the jolnbs of the

~bands.would be likely to break on. 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
1s no likelihood of it relea31ng tension.

The time factor In manufacturinb\is an important
item. I have been told that after the materlal, such as core
pipe ana coiled-bands are ready, a complete wrapplng can be
made of & vessel 800 mm. in diameter and 14 meters long with
a wall thickness-of 150 mme in 5 to 6 days of 20 hours each -~
this at their present speed of 5 meters per minute, and they
were hopeful of increasing that speed to a maximum of 1Z m.
per minute. Even if they only increased it 8 or 10 N,P.k.,
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 shoved 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 theéy have had no failure of
any veassel. s

I saw a test cut-out section of one of these vessels
aud 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 rit 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

-gfter-ati—ts—provably—immaterial-to~the—strengtirof—the—shelis
h .
- 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.

. _ WG stated“earlier, tnIe"is tHEOnLY T new Ttype of
Apressure vessel brought..ouvt: bv the. Gerwans during the course
of ‘the ware ... . . . . .
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MANﬁFACTURE OF . PIbSSUPE VLSSELS BY ROnSPNER“PROCESS

The Deutsche Rohrenwerke, A G., Thyseen Werke,-
1ilheim a/Ruhr, in addition to the wrapped band vessel,
also produce seamless vessel shells under the Roechner
Process.A

They have.two mills, the large one for vessels
800 mm. to 18G0 mm. dia. and the small mill which can
roll cylinders from 400 mm. to 1oeo mn, diameter.

The large iill rolls smells of any tanickness fPOm
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 mm. and a maximum length of 15 meters.

The Roechner Process, in a few words, consists of
a series of inside and oubtside 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 outside 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 Tiruablon wheels carrying Lhe lngol are wovable
Lot weyw, vertical and horizountal, anu are also motour drive.

the dngube are bured Lefore Lelng sent Lo Lhie mlll.
(lie, w.o eab.d and twelve pusses are made on bhom Lhrough
the 111 on the first heat. (Ordinarily two heats are re-
guired t.. finlsi an ordinary sized vesseol, bLut often wore
are regqulred depending on th. slze and shell thlckness of
the deslred vessel.

All vossels are slicws rellioved as Thyssen Welke
Lus one of the few large annealin; furnaces used in pres-
sure vessel fabricating shops. ‘Their furnace will nandle
2 meters width, 2 meters height and 18 meters length.

~_ For.some reason, I. G. Farbenindustrie has always
specified That these vessels have a 1ight cul.Takén over
both inslde and outslde surfaces.

Thyssen were opposed to machine turning the.shell
inside and outside as.they were able to hold the dlameters
and_| thickness to a _very close margin under this process,

Fere again they often fit alloy linlnus 1nside
- 34~
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the completed vessel and olow them up .to coniorm to the
- finished vessel, plug welding them to-the outer shell if
necessary. 1 S I '
. ) \ _ ,
The maximum size ingot the mill can hanale is
110 tons. "he cost of these shells is approximacely S0 per
cent higher than welaed vessels. S
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FAKUFACTULE . OF CLAD STEEL

The manufacture of clad steel, or Plattierte Bleche
as it is known In Germany, ls of sever 1 varieties, of which
tane method. ewployed by the Deutsches K hrenwerke Ae Go =~
Thyssen werke, Dulsburg a/Ruhr is probably the pest.

There is no knowledge of any practice.of electric
welding alloy sheets cold to carbon steel plates. There 1s,
however, the practice oi forming alloy linings to sult the
individual vessel, fitting the 1lining to the vessel and blow-
ing it up to set it in place. MNore often than not, these
linings are then plug welded in spots, the pluls celng spaced
sbout one-half meter to a meter apart. Some operators claim
that tney do not even go to the trouble of plug 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 veiny 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 bucCJal 01Icumbtanoeu Brass.

Tholr prveoss le us followse  The paoh 1o wmade o

: .o .. sbeel plates .n the outslde. Theoe plutes have a
st 1 str.p welued arownd the four sid .. This striy 1s Lo
be usod as Lhe seal and uvi.e s.ze 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 i oopbred wlilhh Lo oo
wlily, tne 8lloy cludding is laid Inslaue and vovered with ¢
megnes. um oxide paste. The second alloy claading is lald o
top of the paste and the top carbon steel cover closas the
pacl\l

Plpe 1nlets and outlets ior hydrogen are fitced
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 1In the
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pack depend entirely on che thlckness requiremcnts ol each
after tie plate has been finished-rolled. ' There 1s no reason-
able limit to the thicknesses requlired althoush {¢he reat
majority run soout 1 to 2 mm. thickness of alloy. Agfaln

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 33z meter mill as the furnace and relling
crews on this mill are tiie 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 pipe. ' ,

The packs are rolled at different temperatures,
dependent on the alloy to ne clad. Copper 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
and the pack is shunted to the mill. The pack 1s rolled
to the desired thickness, sneared and stripped.

Thie variabion ol Loickuemss ot Lue claddiug 1s, of
wouiou openaent eagaln on what thlciucss hed been ousdelod,
bul T &.. Lold 1t will very only « to 4 on the widest plate.
If (o puck hus Leen Lullt of tuo ouc-slued and one plate of
botn sidcs, Lue thickness varlatl u ol cuch ¢ladding is
greavly red.ced.

Phiguwoan oo h.uL]‘A.k N L T T O B AU STRES B RNRNY | \
VI investiy tio.. I am uny caed Liwn oo oose spoty bt
ene¢ wniw. €d and no laumlnations nhave teen touna att r forulrg
and welding In Lhe pressure vessel shops.

v Lo wbake ol C.l&l'j.tay, 1 awm jhuvl'l'lhu a wholol,
showlug, WhLe luy uy, ol the pack of two varieties uuder
vigures | auna &, Pa:e No. 3ol this report.

e Pheilk. sapasdbyls about 1000 _tons. wonihly. wi. hid .
particular product.



CLAD STEEL PACKS
~as setup by
DEUTCHES ROHRENWERKE A, G.
Thyssen Werke - Mulheim a/Ruhr
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The following pases 59 to 52, inclusive,
are reproductions of the work produced

by varilous flrms in Germany.
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