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Title: Method for Manufacture of a Multi-layer Pipe The present invention
relates to a method for manufacture of a multi-layer pipe. Multi- layer

pipes are preferably used when high demands exist against corrosion or s
abrasion. Corrosion-resistant pressure vessels or pressure lines can be
produced in a more cost- effective way than solid versions of

corresponding materials when multi-layer pipes are used. This is
Talkieved by MethatsfapdMmriactumialf adhelidaveridRat internal layer 10
(e.g. stainless and acid-resistant steel) and a high-strength and

ressure-proof external layer (e.q, fine-grained structural steel . .

Wgﬁn%%%}%ﬁvggiager%%ﬁﬁ er"’lalfirlqyg f edﬁcﬁaggg L?afg Cegurrgs%fﬁtaaﬁr]lg@ ?a%tpes épgr'tmum
lafehpipemaiaipg fsrablceseliwiptivhigadareargsredsieansiet cesrenedive
JBalghals. is In certain grades, abrasion-resistant pipelines can only be
manufactured when being executed as a multi-layer pipe (for instance

with mechanical bonding, see below), since materials (e.g. high-strength
Gieelsiovitieimginh ardemss)veapdiearsedsasraninetecaal biaperdneachfer moegfcost-
SAMOL DR PIRSAE3R IRIQIBIRGS CbPady praakaliGHEiem RS ESipes are

material combinations are possible in a great diversity but basically the
S5 OIS BOSYRIRE e SRRSO PoblAcERIT RS IS SOmEh DI By 2ver
(the. senciessingdaeitiocisstligilsledt) eadla tigle sWeéhgth eredtings sueepipef external

aé%?é@é%%@%f SRS WRGsshlitiesstayr BRlaINsHISRE D BAIRgRYRISRE

rface’(requiring cladded plates as  initial semi-finished roducé)

dasaeanestaf hiesHhARhR (ARG R tstaman e PP hERAREPHRRFad e

dAfesaab midrkexderagbpine rmptefierably internal and external plates and

their welding on the plate edges -. 30 Manufacture of such multi-layer

pipes is done as follows in Prior Art Such a method is already known from

itmeasiingsadast Ab1asiordesirianl By RsesanianbheemayiagtBsign being

Q@&@@dﬂf ) Ié@% mlmﬁ%y&rpia@t@agmgmﬂﬁe kammlsmm gbmmglfﬁb@teslow), since
referably steel plates - a cladde mpasite plate _made out.of two.

GHETER (a0 S e 1 AW A or Pty menal

layer which for itself cannot be processed into pipes or only under great difficulties.

Other material combinations are possible in a great diversity but basically the
combination possibilities of materials are restricted in this context only by the
processing methods eligible in each case.

When creating the pipe sheathing, there are two possibilities

- metallurgical bonding over the entire surface (requiring cladded plates as

initial semi-finished product), and

- merely mechanical bonding (for instance friction bonding) between internal
and external pipe - preferably internal and external plates and their welding on
the plate edges -.

Manufacture of such multi-layer pipes is done as follows in Prior Art .
Such a method is already known from the JP-A-80111791.
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The multi-layer pipe is then manufactured as follows: s - At first the
composite plate is produced by roll-bonding or explosion cladding, - then
pipe forming is made in accordance with usual methods such as for
example by means of a bending roller or a bending press and -
subsequently welding occurs with the outer wall of the multi-layer pipe

being executed in accordance with the usual pipe welding methods _
pursudiravernripe® withteredalluseigal hending hedreeslthadavettripignetance multi-

IQ%BW%@H'H&MM'@% PSRN Qd@ﬁpm@@rlalcfabse@@em@étﬁg@&é
this procedure accordin Erlor Art is on the one hand the high ¢
SRS A LA IR BrEcl LA R SRES BF SRl o R et
The rnisibitheehaipe Esbansudinciertewdibititpwesthe initial semi-finished
product, because production capacities are very restricted for it on a
world-wikiditza sie. donusosie fea@sdpristoven toythel-bppticanbramngkison cladding,
inventor, only a few installations exist for the production of roll-bonded

multi- la%m&&iowiﬁgs&aménn%&ﬂ@mimﬂap@mtm&tfwdemmphe; for

not asmgle onegn thee gsed ub| fGergmar(% Nelther in tallations

for explosmnpi% éia'Hdang 8 E‘ﬁ* XIS'[ astat as is Khown 16 the inventor
and the a pllcant Ie at Dynamit Nobel urbach, Federal
e R oS TR o e R oL ovet g peing

enginee%mtulsédrfcamonsiaalm wifréiae paolalemam@lcth@refat’reaéxmamet to the
and intricaig{ MQ&@R&QH@%QWQ‘ ggg&f?rrh@% s Q% raveiRSikewise

for very small productlon lots, anyhow. 25 Moreover, the number of
materiaRUHHREh CARBHRE RSEbssed in this way, is restricted. Thus, for
example certain abrasion-resistant steels cannot be used as an internal

By i SXtS?Q %"ﬁk‘%@y PS-WiR|le c85 ?Y\{ 'Q?Sr%?l%%‘r‘netﬂ B*Pu%"hF}%hthe high

carbon conte n the case of multi- es wit mec anica

Wﬁﬁ@f@es@'@@laﬁﬂbﬁaﬁfﬁ@wwcﬁﬁﬂﬁHéﬂsp??b@@émﬂfﬁﬁﬁ RIOinRiHon the
@@@Hﬁh@@@b%@dﬂ&tﬁ#@armwmm@ﬂ@@tﬂ&m@ﬁmwmyo@&ame

le with tw in the even ore layers, the ex Ia tions
D TR TEn s SRR P e IR BRSNS foras s
knawoftctoestpiiciobertit féﬁdrmved intly ea{@w wwféﬂaﬁmm@ﬂﬁiit@rdhwmductlon

dheonedsraabrinpireguirnsiashighpsidald REINISERMNIEIN Japan, but for example,
not a single one in the Federal Republic of Germany. Neither installations for explosion
cladding do hardly exist as far as is known to the inventor and the applicant. For
example, at Dynamit Nobel at Burbach, Federal Republic of Germany, one of a few of
such plants exists. The production engineering used for it is also a great problem and
therefore expensive and intricate taking into consideration in addition that it is only

avaitable for very small production lots, anyhow.

Moreover, the number of materials, which can be processed in this way, is restricted.
Thus, for example, certain abrasion-resistant steels cannot be used as an internal

tayer, if they can hardly be welded or not welded at all due to their high carbon content.

in the case of multi-layer pipes with mechanical bonding, several - preferably two -
finished pipes are used as an initial semi-finished product. The process will be
explained below by way of an example with two pipes (in the event of more layers, the
explanations have to be understood accordingly):
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internal pipe by expansion (mechanically - for example, by means of an
expansion die - or 5 by fluid pressure with the pipes placed into each

other being pressed into a die comprising the external pipe) the internal
pipe is pressed into the external pipe by elastic expansion of the external
pipe. After the expansion forces are omitted, the external pipe places

itself non-positively around the internal pipe due to the higher elastic
resiiendyd Onishreallpities anomamdealsraderwadsediiomtheipfadestoThach other

disadvapiageaftsnripaaas LBHRN APdSdhahie-axIRIRa)iRIRSdMIhan the

have a hlgher yield point than the internal pipe, since otherwise the
elastic rOSHBRAKIRS the external pipe causing the non-positive connection

with the internal pipe and therefore 1s being necessary, is missing. This is
particul 2MPURSAHRINERSBARICBBE a i 1RGMR S tiNEPRATRE ARISXPRYISION die - or

|nstancgyeap@g@gsmImnmrmgﬁrpémé&e@mtb@ﬁ@t@tﬂ@pe@mﬂmmssed into a die

advanta eous b rably for bra i nr Sist elines inside the
IS Bl A A Selnlant RIS OSIG 18 BRE v pie

this ma@ufa@mwpa@é@“sofﬁnﬁlmeﬁﬁ@i@ﬂm ﬂf@@bfé@t(@ﬁﬁ@fpfégéﬁtafe
inVentinMQtBéO‘ﬂi@Qanéitﬁ@ B@@iﬁlﬁfzéﬁ@th@ﬁﬁﬂfp&%@y?mb%’gﬂﬁemgl pipe
manufa ti-layer pipe, which on the one hand tries and avoids
the abo erﬁ%ﬁ;?%ﬁ]é%]?fl g%ﬁpgﬂpiq&'%d thus not requiring roll-bonded
and/or explosmn cladded semi-finished products but which on the other

hand is TRatehesnq BREr RIS RES welried SRR in manufacture of

multi-layer pipes according to the State of the Art with frictionally engaged

ﬁ%“rﬂé‘&i%h%ﬁ%‘ﬁ%&f Jés%?‘@ﬂ] & 9aER tﬂmeﬂr} %%B}%Eésrﬁ'&% have a

accordin e invention Yy a met d for manuracture a multi- so ayer

ﬁ!f@’é&‘f@ aeigtcEamine 1”"?’-‘"*%%@%*@%?%&'@%6@1W%ﬁﬁs@ﬁﬁ%éiﬁﬁh@fH‘e

dreerasnepseatsiais sohqasidiegcinteetuiessniinypintioal ppeloaligraiore

roll-bonded and/or ex IosmHJ] cadd(;pl eml inished roduct%can be
bem%n%cgssa mliﬁl is cu ari Isadvantageous, because hlPh~
avo y pr Ssmg espec |ve ma erl ["layer acti g as an interna

yisedrerigriisintppipetdoeminspecialy idiitprolfe slesly o ethbdieadimgrecially

advantageous preferably for abrasion-resistant pipelines inside the pipe, have high or
even very high vield points, and are therefore unsuitable for this manufacturing

process.

it is therefore the object of the present invention to provide on the basis of the State of
the Art a method for manufacture of a multi-layer pipe, which on the one hand tries and
avoids the above mentioned disadvantages and thus not requiring roli-bonded and/or
explosion cladded semi-finished products but which on the other hand is neither
subject to the restrictions involved in manufacture of multi-layer pipes according to the
State of the Art with frictionally engaged mechanical bonding of layers among each

other.

This object is met according to the invention by a method for manufacture of a multi-
faver pipe according to claim 1. Further preferred embodiments can be found in the

dependent claims.
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machine, usually necessary for final shaping, non-positively into the

material layer 5 acting as an external pipe so that it is frictionally

maintained in the respective external pipe without the necessity to

expand the multi-layer pipe and thus running into the disadvantages

already mentioned. It is pointed out that in some cases, however, final

forming or shaping is already possible in the bending roller alone, for
Avcamdiing, tinttiserrevent ioehiisree b piivditierofl eré bemidedcantint Rigéoien cladded

Jé‘:%?—‘i‘i%t%&&%&‘a@ﬁ' ﬁgrpzséh%@éa@ﬁ drtapirasaesbend mga&eagh@wsactmg
not included in the method accor m{gﬁto the mventévg Iflr\’ﬁhlst

SRR LR SIS S LG8 DPEIIEAE 5 BRI, O, ST oG

rhaetisen entisiheck @sypdypofircdsheptian ratmgzade&tyerédgmonaiwaslayer
JBFRANLURIIRIAPIRE GOPRPRIOR ELHS 0 RARAIRIDSANUTR SRV dtEma

ly in sections alongside the edge or line or only in individual spots
REGHRS b ISRRABRS Bt SBRTIAY SIEER YR BTRA BRE GhSrpRsrininie
atibepnshspalrcatiihe@dgedsat ine psinedesuotilytim 3omadiduahspetenfinal

6,005 op onihe Ine. 20 34 prefaried CRhag RN L e ORI i tne

ormin rshapa? i5 aErez? e&
manufacttre 'of a multi a§/’ plpe y means o ng ro Ier accor

evanieohrbsdat hansthitio rolletrevhiieh canrduen bhedvesticmel Prddpariagsishe

HoereripdiRssanaesiathi watrmengsislarenaied theHengémginat srding to the
transverse edges of the material layer resting on the other material layer,

'DHAY8™: at least one other connection occurs between the material layers
after a definite shaping progress alongside the second longitudinal or

Wﬁ'm%efé;@c £O9&eEiDR matssiatiay @d{;@@ﬂﬂ%%@@&@?@?&@%ﬂ aginary)

he at least one other connection between the material Iaé/ers can,

'&%'ﬁ]mémﬁ@eéb udves AR RRiAR PSR e A ¥H ED '%”&‘?ﬁi’ e\g@eﬂ“ef
thiardt0e Shodresintt héngs pe thel lyrbire fedpedoe tivzocl mep tro s tebame thatp side the

é%gernah‘»é?‘%%ﬁlg rﬁnQRhH%JQ G @B&%Q@%WQ BM%%G\&P for example

pipe and an |nterna 4 means of a bending roller
'ﬁd&@réﬁ%ﬁoﬁf?é%?@%ﬁftE?F*R/éﬁﬁ{)cﬁ@o{ﬁé’%ﬁ[ﬁﬁ@%ﬁ’&&?ésso"o%{ﬁﬂé’%lﬁé? e
ablgaskosp oohahe digeaiiash ieswieen the material layers is made - called
Ffor here and indicated in parts per cent - preferably approximately as
follows 6l

In a preferred embodiment of the method for manufacture of a muiti-layer pipe by

means of a bending roller according to the present invention,

- the first connection between the material layers is created by connecting them
alongside one of the longitudinal or transverse edges of the material layer

resting on the other material layer, and

- at least one other connection occurs between the material layers after a
definite shaping progress alongside the second longitudinal or transverse

edge of the material fayer resting on the other material layer.

The at least one other connection between the material layers can, for example, be

created after a shaping progress between 50 % and less than 100 %.

in another, especially preferred embodiment of the method for manufacture of a

double-layer pipe as a multi-layer pipe with an external pipe and an internal pipe by

4
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E (DA-2~SA-Sl) / n (Zs+1) Ffor' - 1 (DA-SA);c - (DA-2SA-SI) 100 5 with
DA being the external diameter of the external pipe in mm, SA being the
wall thickness of the external pipe in mm, Sl being the wall thickness of

the internal pipe in mm, s{ being the yield point of the internal pipe in
N/mm2 Zs being the upsetting allowance indicated in parts per cent 10

and E being the Young's modulus in N/mmz. The above mentioned
rerpresyierheodingsriismabeofditgiintpeaietiams invertiemdtle shavnaenaibss
SuGOhHRE RXIEAlRING JIREE il 1N Beiiedm the ﬁﬂate@%ay%@ ts7ﬁlaade -

The Iength of the neutral fibre of the internal pipe - here called Lnf,

BRI ASSEAS NY STy RS thast e Pk ﬁ@é"é@fﬁﬁ’%ﬂ)fe%sé?"ows
shaping of the pipe - here called Lff, - is then: 20 L fV = Ln fa - Lnfl The
degree of upsefting of thedipter /J pbog,%goé rto acq the upsetting limit
- here called est - results gsf and e Ie gth of Lk%ettlng

in ordér to reach the up@aﬁmgﬁfilﬁuﬁ resuligas- 253t Est knff (Zs +1) 5
The shaping progress during which further connection between the
material layers takes place - here called Ffo, - is then (indicated as a
Walue betwed?o ankri)o é”ﬁﬁ)?&féﬁﬁﬁ‘é{&&@“ﬁ?r of {hq exi¢Tnal BiRG M MEAted

in parts per CBAL :  being the wall thickness of the external pipe in mm,

Sl being the wall thickness of the internal pipe in mm,

S being the vield point of the internal pipe in N/mm?

Z being the upsetting allowance indicated in parts per cent
and

E being the Young's modujus in N/mm?.

The above mentioned expression results from the following relations:

The length of the neutral fibre of the external pipe - here calied L, - is:

L, = (DA-S4)-x

The length of the neutral fibre of the internal pipe - here called L, - is:

L, = (DA~2-8S4-SI)-z

Shifting of the free plate edge at 100 % degree of shaping of the pipe - here called Ly, -
is thery;

Ly = Ly~ Ly

The degree of upsetting of the internal pipe in order to reach the upsetting limif - here

called eg - results as follows:

g,
s T g
and the length of upsetting in order to reach the upsetting limit results as ;
Lst = gS.t ’ Lnﬁ ’ (Zs + 1)
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Ffo,=Cl-Ls 100. Lfv If this expression is resolved with: DA being
the external diameter of the external pipe in mm, SA being the wall
thickness of the external pipe in mm, 10 Sl being the wall thickness of the
internal pipe in mm, s, being the yield point of the internal pipe in N/mm2
Zs being the upsetting allowance indicated in parts per cent and E being
the Young's modulus in N/mm2 is one gets the expression for the shaping
Treglessral mradsesp doifiegvaitheflrtigen nomg entiter ddhvecki tihereatieneconrs
takesdlace hewesrdne malepals (ReiecaRERQue BaddadisalRd |
parts per cent. The upsetting allowance takes into account production
FRRIVIFRES A locating the at least one other material layer connection and
compensates it in such a way that the intendegd force of pressure of the
internal pipe 20 against the extBrnal pipe Is-at+ast achieved. Some
examples are intended to illustrate this with tl{efminimum and maximum
as wel|l as the typical example referring to the percentage degree of

YL BAGEEWRILATREH: “RYst one other connection between the material
layers occurs: eventual typical eventyal Giyveryare: minimum example
maximum unit ex.1 ex. 2 gx. 3 DA (gxternadian@ger of external pipe)
mm 406 762 2500 SA (Walljﬁ’iicknes of tlieﬁp ternal pipe) mm 25 20 12
Sl (wall thickness of the internal pipe) mm 10 3 1 si (yield point of internal
ibipis) exnrassion0e B50MBOWEIZ3(upsetting allowance) (%) 0% 50% 15% E
(Young's mogspus) NREHRIOAMAR HRARLR L0008 EAblE s Examples

for Determination of the Shapin Pro%ress for one other Connection
SA being the wall thickness of the exiernal pipe in mm,

Si being the wall thickness of the internal pipe in mm,

S being the yieid point of the internal pipe in N/mm?

Zs being the upsetting allowance indicated in parts per cent
and

E being the Young's modulus in Nf/mm?

one gets the expression for the shaping progress already specified at the beginning

where the further connection takes place between the materials - here called Fy,, - and

indicated in parts per cent. The upsetting allowance takes into account production

inaccuracy in locating the at least one other material layer connection and

compensates it in such a way that the intended force of pressure of the internal pipe

against the external pipe is at ieast achieved.

Some examples are intended to illustrate this with the minimum and maximum as well

as the typical example referring to the percentage degree of shaping at which the at

least one other connection between the material layers occurs:

eventual typical eventual
Given are: . .

minimum | example | maximum

unit ex. 1 ex. 2 ex. 3

DA (external diameter of external pipe) mm 406 762 2500
SA (wall thickness of the external pipe) mm 25 20 12
Sl (wall thickness of the intemal pipe) mm 10 3 1
s (yield point of internal pipe) N/mm? 100 350 480
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of the Material Layers The searched quantities are then as follows: For
the examples given in table 1, the following eventual typical eventual
results for the searched minimum example maximum quantities: unit ex.1
ex.2 ex. 3 length of the neutral fibre of Lra=(DA-SA)*n mm 1,196.9
2,331.1 7,816.3 the external pipe: length of the neutral fibre of L"r, = mm
1,087.0 2,258.8 7,775.4 the internal pipe: (DA - 2*SA - SI)* it shifting of

Ztheshite platedc®V = Lnfa - Lnr mm 110.0 72(3)40.8 edge 8100 %F0% 15%

EShapingmaegree of upsetting of the mFernahqmpe in drdemest z18,.dd(E 210,000

(96)0.059%60-17960.23% achieve the upsetting fimit tength of Upsetting in
nsleritERshiave ihupseiiagdsbrtiaesshiging RedreasGdrdheaiilizd ddnnection
dietie neqeirad slegsee of shaping for the at least one other connection, for
example for Ffor = 1 - Lst/ Lfv (%) 99.5% 92.2% 50.0% locating the

ﬁ?&@é&@@%@ﬁgﬂé&@h& 25 $9Riehed Quantities for the Examples for

annrmlnaflnn ofthe-Sha og-Progress—foranotherConnectiorof-the
||u|u|||u T Toygt O oot e T o TiuTTiUT Uic

IECE ) 8?§ Y3 Table 1 Another preferred %%983 iment of th Geventual
N

ﬁ%b[ﬁoth i %fgcture of a multi-layer| pipe by| fieahs| of & ending roller

resu ts . . . smu exam
?orglng O e press nt invention is characterig cf {R 10 Ieast one

Fthe-materiattayers-comprises more than orefetement pgsiyoned atove,

Q = =
I:D

tength of the neutral fibre of
the external pipe:

length of the neuiral fibre of L. =

the internal pipe: (DA ~2*SA - 8" &
shifting of the free plate
edge at 100 % shaping:
degree of upsetting of the
internal pipe in order to s = s (B {%) 0.05% 0.17% 0.23%
achieve the upsetting limit;

Lota = (DA — SAY= mm 1,196.9 | 2,331.1 7.816.3

mm 1,087.0 | 2,258.8 7,7754

Lsvy = Lota — Lt mm 110.0 72.3 40.8

length of upsetting in order

to achieve the upsetting Lst=6st b~ Zs mm 0.52 5.65 20.44
fimit:

required degree of shaping
for the at least one other
connection, for example for iFpe = 1 — Let/ Lav (%) 99.5% | 92.2% 50.0%
tocating the second plate
edge:

Table 2: Searched Quantities for the Exampiles for Determination of the Shaping Progress
for another Connection of the Material Layers from Tabie 1

Another preferred embodiment of the method for manufacture of a multi-layer pipe by
means of a bending roller according to the present invention is characterised in that at
least one of the material layers comprises more than one element positioned above,
preferably more than one plate. The elements positioned above can be positioned with
their longitudinal edge in parallel to the material layer below but this must not be the
case. Thus it is also possible that they are positioned transversely to it with their
longitudinal edge.

If the elements are with their longitudinal edge in parallel - preferably approximately
paraliel - fo the longitudinal edge of the material layer below, the first connection

between the material layers is preferably created by the elements, preferably plates,
7
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preferably more than one plate. The elements positioned above can be
positioned with their longitudinal edge in parallel to the material layer

below but this must not be the case. Thus it is also possible that they are
positioned transversely to it with their longitudinal edge. 15 If the

elements are with their longitudinal edge in parallel - preferably

approximately parallel - to the longitudinal edge of the material layer
dfedovinethpdbiSbaiog neckpre hedeide trhiejorateyiabiper svisigrefeifabbame time
%ﬁ?ﬁﬁﬂe@ye% eleaniSHReiRsakly fﬂéaé%glﬁét%fg@£ RPSIAeIING: %t%tenai

alongside their joining location; which at the same time constitutes each a
IRyeGIRIPR R STRC SR i tBe sreterb o yar oe i (Restreakhdb e alRlp

d@p, being connected with the material layers below, preferably the
plate below. 5 This method is particularly suitable for the manufacture of
multi-layer pipes according to the present invention having large

W@dm@@ﬁm?@féat@biﬁ&f Gromanifagure whisrdlioRes! tiessiatRsing
Eﬁﬁxmlrﬂwehéﬂﬁf@t@bétﬂmaé@&fﬁb%rﬁwb‘i&féﬂ% #R®10 mm 24")

B B A B e o e

(@@ebéai@aimed’sauwmem ithatdszide méeqwﬁvemmonéem@iﬂmmsfor Such large

RrrferrRIVRIalRsAFe Q@H&%@#;ckeﬁhw theskfor manuiacius Pat will: in

muIt| -layer pipe by means of a bending roller according to the present
irRsRSniNRE MSYEmp ?o?J&W?BY%fBF%‘Sﬁ?E\%Q@&%ﬁ%l’%‘?ﬁ&“’ﬁg%f the

external pipe alongside the pipe seam and a deposition welding of the

!H%E‘ﬁ‘#ﬁ'&?fﬁ} R@%&%ﬁﬂ@@%‘%@&ﬂﬁ @%ﬁ’ W@BP%@&%%@ é“%%‘?ﬁd H& roller

materi ayers can be connected on the pipe facCes, for examp le to

PrEEIROtRalhRRTRERT! ﬁé’ﬁéf@%e@ﬁéﬂﬁ@éﬁ%feﬁﬁ%ﬂérﬁ’éﬁfﬁiﬁé?@ fipRaN Qyevelding

oneialbgicall pRl2fRRRRCIes Mye sthenamide: dafastioA weefdged the internal
FRrggllcatla r(%g‘jthecq'nC ti}Rd ac%()) d|n to the Bresent invention is the

AhUfacitre of inventive doublea girpplpes although the invention is not

restricted to it. Also three-, four-layer pipes and pipes with even more

J@ysr%afﬂmnawr%ﬁu@@sm&@t@ps@ﬁﬂ@ gitR theaRreseakinvRe e Rrevent
ich is fa% more dlffICg|t in PI’I%[]’ Art?
t at umidity penetrates between the maierial layers which are metallurgical not

connected over the entire surface.

A preferred application of the method according to the present invention is the
manufacture of inventive double-layer pipes, although the invention is not restricted to
it. Also three-, four-layer pipes and pipes with even more layers can generally be
produced according to the present invention which is far more difficult in Prior Art or

even not possible at all.

in another especially preferred embodiment of the present invention, plates, preferably
metal plates, and more preferably, steel plates, are used as material layers or elemenis

of the material layer.

Also, in the method for manufacture of a multi-layer pipe by means of a bending roller

according to the present invention, preferably at least one of the connections of the
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even not possible at all. In another especially preferred embodiment of the
present invention, plates, preferably metal plates, and more preferably,

steel plates, are used as material layers or elements 30 of the material

layer. Also, in the method for manufacture of a multi-layer pipe by means

of a bending roller according to the present invention, preferably at least

one of the connections of the 8 material layers is made as a welding,
watiotaldaqyartdsmdysaitabieifbngheinmtas phitissiapvesoitably Steblepigtal plates,

SREBLMNC e L e SRRy Ripe obtained according to the inventive

method, can be formed in 5 particular such that a material layer positioned
inside has a higher yield point or proof stress (see below) compared with
The outérzgateriad shteinadth @bhelirgl tnibenatentildayethodnwprisiadormed in

;%Yﬁ feiabl.adm é@gmﬁnfgmﬁwsmwfo@ flael W@%r@@@%ﬁe% Yoroof

preferred embodiment of a multi-layer pipe obtained according to the

yresemapheitisherypresoidtidbs Mﬁ%mf@reﬁmuﬁwﬂb%ée@smﬁéaaéﬁﬂa'

laydoublapiRier pigrearhikitingdytasicahplatermpisaal gy er stastiptite. steel
plate, which acts as an internal pipe, having a high up to a very high

carbon content and thus is at least not necessarily weldable any more. 15

Amesertaidyueisred ophafaen sliemalidayacebrirtidoed apresing to the
ﬂiﬁé@éﬁi%@%oﬁiﬁe&ﬁé}%@%mm@‘t RioRAf-ByRVaPe Y erméMSablétdoubie-

W|thout these |fferenc (o) be me eV| all at
A R s Sae e T e Y he R Al Bl s =
amaentﬁ‘redl atworoingly. a?mhemthese/@nﬁél@lm@erban caRierdcot lihvgifferbigast not

GoRBANANS ABRNSLGactrother but need not do so necessarily. 20 Thus
according to the present invention it is on the one hand not necessary to

use cladded plates (with the disadvantages, already discussed at the
Degmoitdg el Ipings dbliviend imesaaddin iaaedcamiwbi ity @sermtt as/bigihn are
BHER: AENAADS! PANAAGYSTRRIRT M BYELAIRSR m@@@%@@ve\;ﬂﬁs

uble-layer pipes out of steel plate materia 25 ayers - with a high

hryinadpthecerayrent Rl sblijsctame W&%Paﬁp@%ﬂ@@ﬁﬂmﬁﬁé@w@xio the
w@bérﬁzamxeahﬂaﬂhrn@temhefb@mé@sp@@m@megmlmp@cmmd;fference can

B I8 B SRE S AN P UL Ry

Thus according to the present invention it is on the one hand not necessary to use
cladded plates (with the disadvantages, already discussed at the beginning, of long
delivery times and limited availability as well as high prices), on the other hand
nevertheless multi-layer pipes - especially double-layer pipes out of steel plate material
layers - with a high yield point of the material of the respective internal pipe and
simultaneous low yield point of the material of the respective external pipe can be
manufactured, which is necessary, for example, for such applications of multi-layer
pipes requiring a possibly high abrasion resistance of the internal pipe, since high
abrasion resistance normally coincides also with a high hardness which in turn
coincides with a high yield point. Such multi-layer pipes having an internal pipe made
out of a material with a higher or the same yield point than the respective external pipe
but which have nevertheless no metallurgical connection of adjacent layers over the
entire surface, cannot be manufactured according to Prior Art. They do not exist until

now. But they become possible due to the present invention. It must be pointed out that
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pipes requiring a possibly high abrasion resistance of the internal pipe,

since high abrasion resistance normally coincides also with a high

hardness which in turn 30 coincides with a high yield point. Such

multi-layer pipes having an internal pipe made out of a material with a
higher or the same yield point than the respective external pipe but which
have nevertheless no metallurgical connection of adjacent layers over the
iethieccwenfade tolvey bisinahyitid pred -docedingin PrigsagoTindy ide eraed

XS Wb RN BUHD 8YoBesREas RRSEa KUt Ied RS ESRIN MANEO Mt
must be pointed out that 9 in the event of a not ve%/5 distinct yield Em% e

BIERAR S RERPESH O AR MRIBESRPANEISH BEFS M FRGH- TRARYS

stress will be substituted for the yield point as the amount of stress of a

&8&%&?.%&%4‘8@@&%;}%98& @aq‘%@irlﬂe{mﬁ%%cﬁﬁ;%e%ns of the method

IIRn ependent of it, also multi- r g}%pl)ues can be manufactured by means of
FREPFAEG &R EIRARY MY RO P red Bt ARG SP AR GLE U PRI Uk SuALRRE.
aagtibarsibtavaiabienictaddedpiates dreechasiaatsadaneciaciovsst they large
Soliasuriaee) 10 Amost Ay Jarae ARt NGh e oL RS SBle. cary
aCC0r8IHQV¥O rior Krt, since here the ecessary_ exp_anS|on IS |m|te§%y
qMeadiarsibndest Bydhepiamielr thoUsed iepyandite 194tb S8 yahyidr
ﬁ&&&lamkﬁmjﬁgcfmlmﬁ%_ iﬁftﬁgmgér@ufifa ﬂ%ﬁﬁ@%ﬁ%@x&’ﬁﬁdmm wﬁﬂaﬁt which
encloses. the I-layer pipe, to be manufactu . compa with this t
BRSO T AR PR QB SR M P e A s 0 g htve rol
eyt pocsash pradidtenuiirtedetipitasionsiobince thbsubieding solerowHatarmined

IRRINERE S HtSRANIRAIMIRERES RIMEAYRIBRENEY FHSIREANEBRbHBPIMRays only

radius of curvature, does not limit the diameter of the 15 inventive

e I95aIP e RPF PAH S ARG RS PRL G RiRSUR EfadldEa
iplates/eanutielayanpipetlited whiehiexeeatse andlipegterpbhsexterd tipdded

,sg.jg'jlﬁagh%é%m?é&u@mw étzseéat.%qjﬁéw%mégele% 610 mgnmt of

té) e ggesent invention permits manufacture of multi-layer pipes wit
sreraseResiaioef Bigethrhn, JiamaiPREARRI P O IMThF4 hraduated
circle in cross-section, for example in the form of a channel insert at the

ipe base which,is likewise not possible in Prior Art until now. In thi
T S P AR o o) AR R e
lagenwieaitios ofrtileseabpieeedra o 8P Yenesmade)iesiagesestipechlgxample
AlaRiRdMidualoRipas) FRBrPS: 86 PR ISR WMveH kRS WhiGadBiRsiat Prior

Art on.the one hand is
Art until now.

In this connection it should be mentioned that according to method of the present
invention of course also pipes in only very small quantities, especially aiso individual
pipes, can be economically manufactured, which in Prior Art on the one hand is
impeded by the intricate cladding and the minimum production lots necessary for it, and

on the other hand by the especially set up tools and appliances required for expansion.

Below, non-limitative embodiments will be discussed by means of the drawings, in

which

Fig. 1 is a perspective plan view of two material layers, to be combined into a

multi-layer pipe, put onto each other,
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impeded by the intricate cladding and the minimum production lots
necessary for it, and on the other hand by the especially set up tools and
appliances required for expansion. 30 Below, non-limitative embodiments

will be discussed by means of the drawings, in which Fig. 1 is a

perspective plan view of two material layers, to be combined into a
multi-layer pipe, put onto each other, 10 Fig. 2 is a perspective plan view
GEtRo materialdayespeive dambinedfitwo matedhi-layers pipbepwndrined into a

each other, withyifivet soinectisRisater By, WRIH L drdSIMRERHIE preferably

material layers, approximately alongside an (imaginary) line parallel to
one of the loMGHIAMARLYEES BrmEeiabaYPs RpRCEhMIMalPaBYdE an

Fig. 3 is a pefispegtive/plap piealofttwmneah¢izldayiensirta béegesmbthedhaterial

into a muIti-I@)@F g&ﬂi&%%&gach other, with one of the material layers
comprising two eléments - preferably plates - placed in longitudinal pipe

irection, 10 Fig. 3a is another perspective plan vi ft aterial .
s, 1 bo B RSREA I R ab s S8 D e Rl o o

one of the mateltidpyayeire. maeNctRach atbaRMAYasIgc e afrjeaal layers
constituting aghsalitiPivelepsiss--peferably plates pRiaseshibngitudinal pipe

circumferenti&l gﬁis)e direction, Fig. 4 is a perspective plan view of two
material laye L' combined into a 15 multi-layer pipe, put onto each
other, with one of the material layers comprising more than one, name

. . , ly .
o Hement YIS ERSFRBR) B UBIAELINANERE BhEYEFrdp e combined
connection wak creaitddercphetvwee nrittce achtethal | syt siey dona ecdingal

preferably W%%@g_, éggmﬁfﬂy&@gviéhaa@@ maé%ﬁ%@s%ﬂam@eg Gty of

positioning alohgsi eir joining 20 location, which at the same time~
ConsiitLies oA RIHEPUES - Ple @R G B Tie VA RARIESEon
placed above, Fig. 5 a perspective view from a front into a multi-layer pipe
Biecdrding to the psresentvaveativiedghtiyoeatavahayermim brmeamiiged into a

process, namglyilfyiBie e cossoptBRMUMSERHIN S HRrBRak Haliiay Riyers
material is sha}Ped_ ,
comprising more than one, namely two elements here - preferably plates
- placed above, and a first connection was created here between the
material layers by connecting - preferably welding - the elements with
the material layer below, after their positioning alongside their joining
location, which at the same time constitutes each a longitudinal edge of

the elements of the material layer placed above,

Fig. 5 a perspective view from a front info a mulii-layer pipe according fo the
present invention during the inventive manufacturing process, namely in
the process step where the thus formed multi-layer material is shaped
into a pipe by means of the bending roller (not shown here) with a
constant friction-tight connection being created between the material
layers as a result of the pressure of the rollers from the top and from the
bottom, and during shaping, the portions of the material layers, which
can still shift freely against each other, shifting freely to each other in
accordance with the shaping progress due to the different bend radii of

internal pipe and external pipe,
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25 into a pipe by means of the bending roller (not shown here) with a
constant friction-tight connection being created between the material
layers as a result of the pressure of the rollers from the top and from the
bottom, and during shaping, the portions of the material layers, which can

_still shift freely against each other, shifting freely to each other in ao

accordance with the shaping progress due to the different bend radii of
figeBnal pipe andregtetival payefrom Bifro6tanpe sspedilayeigvpérencerdiopto the
into a multi-layer DiPRACGRIANG Y . eI IINRIURNLANGBELHRS namely in

inventive manufacturing process, hamely in_the process step where after
a definite shApFy ot EiRP e EBREE SREIECHIRBMBABYTE RSt one
material layesshisr cxgatectiby senrectihg mtheriaidigrad layesgtesitipnechanting

top in at |eas{h%r}g?%p%2 g%d(}éi-tié’&lﬁ%ﬁé‘&*an‘%ﬁbei% LAN Srgf?w%?:tp%%ition to each

cross-section of a finis multi-layer pipe according to the present
invention witRtfernal and external layer, Fig. 8 a perspective

cross-section of a multi-layer pipe with internal and 10 external layer with
detdiled viewsiverpepbeecirase-arslipscdm firighadgneiidaagserigpaapaeding to
plan view of o dnaleriahlay@th lvith 185 AmbiigshiRio=gMmulti-layer

pipe, put onto each other. 15 Fig. 2 shows a perspective plan view of two

ﬂgﬂfﬁt@ria' layets, o Re GOBRINGI Bt oA @H'%W%@P&p@%f?ﬁme@ﬁ&%nd
y

er, with a first connection 3a and 3b - preferably welding (namely in
the points 3aSXHRINShIYBERIBEF et Yrn 1asarea obthe B5id afdtely
alongside an (imaginary) line parallel to a longitudinal edge 4 of the
material layer positioned above 1. 20 Fig. 3 is a perspective plan view of
g0 NeaRia bl pyasiSetave blad, iR e b hagshita i remy|i:layBe pipebipet into a

onto each other ¥"i”} one Rf tpe material layers here, namely the material
multi-iayer giae LUt ontg each o he{.
layer placed dbove, comprising two elements 1a, 1b - preferably plates -

placed in longitudinal pipe direction. 25
Fig. 2 shows a perspective plan view of two material layers, to be combined info a

multi-layer pipe, put onto each other, with a first connection 3a and 3b - preferably
welding {namely in the points 3a and 3b) - between the material layers 1, 2,
approximately alongside an (imaginary) line paraliel to a longitudinal edge 4 of the

material layer positioned above 1.

Fig. 3 is a perspective plan view of two material layers 1a, 1b, 2, to be combined into a
multi-layer pipe, put onto each other, with one of the material layers here, namely the
material layer placed above, comprising two elements 1a, 1b - preferably plates -

placed in longitudinal pipe direction.

Fig. 3a is another perspective plan view of two material layers 1a, 1b, ..., 1n, 2, to be
combined into a multi-layer pipe, put onto each other, with one of the material layers
here, namely the material fayer placed above, constituting a plurality, namely a finite
number - here called n - of elements 1a, 1b ..... 1n - preferably plates - placed in
circumferential pipe direction. The fact that it may be any number of n elements 1a, 1b,

..., 1n placed above, is specified in the drawing by a dotted line 11.
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Fig. 3a is another perspective plan view of two material layers 1a, 1b, ...,

In, 2, to be combined into a multi-layer pipe, put onto each other, with one

of the material layers here, namely the material layer placed above,
constituting a plurality, namely a finite number - here called n - of

elements 1a,1b ..... In - preferably plates - placed in 30 circumferential

pipe direction. The fact that it may be any number of n elements 1a, 1b,
Tihekesd @busdd speeifitd ththe. draanaddy aldetteditiehdit Idhgifidinal edge

r?lt%ﬂg ?s@’?i?qwgk?mﬁt&&ngped éB{}%’i?ﬁ%ﬁ%r&J Qr‘ﬁ'mat:rr@drbetow whereas

longitudina ge 4transverse|y tot ngitudina edgeo he materia

YiifeinsipraseerBedinnRirEre AJaRitAtsY AsepsEa Riafam saErle Kibie 4a
mﬁytmmeé@gelacm mﬁ@zmmezwwm\ﬁd@emﬂe&é@p@m fayer

d be Isq, th spectjve firsts c ctions 3al 3 2, 3bl
B TRtz R e G N o LA <TR01 e egments
Pradéd-oritd mm@mayeatzr@riﬁmer Jeeangresfidiershows a perspective
plan view of two material layers 1a, 1b, 2, to be combined into a

uIt er plpe ut onto ach other, with one fthem terl ers
s 3 BB A B AT B MR Lo o De combined
ptefembliylpL&teBipqslaeemabeaeh afteea firtt mnéﬂtwm&tmélevem@dmpnsmg

Hiere PevGRN H%%EP@?%%I@%@%W&C?BW%?B”%r&éﬁéﬁf?Blé{t&\é‘a'%EQe&*%ove

elements 1a, Ib with the material | ayer 2 below, after their positioning

%’\S’rﬁg@i’ﬁ%%?%ﬂﬂ My'Be &t %‘Weﬂ/ﬁﬁrﬁ Betresiie AR ﬂ@fﬁiﬁ@g E%l@??ﬁt'”g’
hb@@ﬂmldmb&iﬂ@m mfetb@edmmts 1awlth tichesroaitipidagecplaceder their

tY Y é?c 5183 %f?q%? rb%a‘{Yg}geU%ﬂgﬁ Ef(‘)ﬂé%g(?é‘?ﬁetﬂ%éo&%%q AR 2

att e time gitudi e connection

bf@éﬁﬁlﬂ@‘ ﬁi&élﬁbﬁ@@@ﬁ’ﬂﬁﬁ@s&ﬁer1#16féhﬁr@¢éﬁ‘f§1‘H%ﬂe‘tﬁ@f@iﬁﬁEj3Nﬁ:éiﬁfﬁ this

eshaibe sametinge vplsdinglergmindrilisiiracorentieniie longitudinal

s ction ref ably, weldi |bIe 0 Fi shows a perspectiv
%%m z’:‘(t) ?I’OA;] clﬁ{ﬂ(e %l ﬁ”lnurﬁg ?ay@rr%l?’ e ac %’X enfionﬁ;] Overpt% g{mre Fength of

thvecntitm mhgnthedmtéhmv@mmmmm@mb@@% h'aﬁ%l@%ﬁtkﬁeconneotnon in

REEESS g uierRdlmBus fesmed multi-layer material is shaped into
pipe 5 by means of the bending roller (not shown here) with a constant

friction-tight connection being created between the material layers 1, 2 as
Bige§ b oftrepsrepsotigeotitve frotfeesffvomntioeatom B Sagrd dioerd thechalitanio the

A UG ShAPRG DO MUONT, & HR9AHEE AR WELL S 4th AIRTRE PPoRbss
the material layers, which can still shift freely against each other, shifting
step where the fhus formed multi- -layer material is shaped into pipe 5 by means of the

bending roller (not shown here} with a constant friction-tight connection being created
between the material layers 1, 2 as a resuli of the pressure of the rollers from the fop
and from the bottom, and during shaping, the portions 1¢ against 2a, as well as 1d
against 2b of the material layers, which can still shift freely against each other, shifting
freely to each other in accordance with the shaping progress due to the different bend
radii of internal pipe 1 and external pipe 2.The first connection 3a, 3b between the two
material layers 1, 2 was made here already in two points 3a, 3b which are located
alongside an (imaginary) line parallel to a longitudinal edge of the internal pipe 2, which
is forming - namely at the end points there. But in the area of this first connection 3a
and 3b of the material layers 1, 2, these, due o their connection 3a and 3b with each
other, can now no longer shift against each other but remain immobilised or held in

position against each other here.
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freely to each other in accordance with the shaping progress due to the
different bend radii of internal pipe 1 and external pipe 2.The first
connection 3a, 3b between the two material layers 1, 2 was made here
already in two points 3a, 3b which are located 30 alongside an (imaginary)
line parallel to a longitudinal edge of the internal pipe 2, which is forming -
namely at the end points there. But in the area of this first connection 3a
and 3b of the material layers 1, 2, these, due to their connection 3a and

=0, ‘6”%%'8\9&% %&‘%&QQ AW H8IORaSHSA AgRINEISRFR g@‘%@&ér’b@ﬁ‘&%‘the

immobilised or held in position against each other hére. 1

6 shows a
RERSHE BRI B\ Wi fé?rt‘?ﬁ?ﬂ%’f@éﬂwﬁ?%&}@%m@@%ﬁcmﬁ% fbthgerrocess
NERSHRE I et an efitiRgsHiny eRdiyie $0 an Lfasturis @ pracesmicaacnelywo other
the process stepwhere after a definite shapin
R oA o P S R R S SRR oy
hetweesritinuors @ parral WélwaramatekRycontpelinmtesigatgiadayep 1
a&@&.&ﬁeatsﬁih@pﬁ ﬁpﬂﬂﬁggﬂ&w@ﬁtﬁ@g@é@dséﬁmh |tmﬁ9&ﬁ@ﬂ§@bﬁ|?lﬁ§mé%atto each
ast other t|on WO other pOSI S e e tO ac
e R P B Fe B R am (R ShompY
bgansesiiibeobendibe naliagarailer benkorendhing, azothrtbe maﬁen‘rrﬂé lnestesriglifting
%%6‘?&9539@&%%1%%%%8%0%8%@ HRSLHYHDE {84Re other connections

unish-shaping due to the other connectlons 6a and 6b, so that as a result,

tReRRLRRrisP A AT 2resH O e R HRal Bigd %Ct&%@ée%" internal pipe is
prenspdsitvelpsitteeih evindte nabtayalr 2y @, Za,Ritingting an axerieahggippe.

Fig. 7 shows a perspective cross-section of a finished multi-layer pipe 5
according to 1s the present invention with internal la ger (also called

Figemetomse RrsRRARBIRTS, SRIIEPALT 1 AisbRd)MdHdBERIR RS JRRSOrding to

t(a!qﬂéwledneﬁﬁmampm@mna%p@@m;|étﬁﬁs@epdﬁuq;@t@ Jrdawith sheline,
uIt| | e.5 having.been closed b Idin o
'ox ernFI !plf)pe Iong(él eteai{nﬁtplgyéeer %Sgca%cggé%srﬁ !a/élaf(r%réaoff) '&%me’

hagsrnidteptie )12 pOHe 81dlidakeapeedhberine besssclesaibbydngans of welding 7
nit-BysnpiRtLaccarshggide Figipéd wdthn igtarnaldayatidnans exdesiakidyaternal

F;z‘ipig gletailed view in the area of the two weld seams 7,9. 25

Fig. 8 shows a perspective cross-section of a multi-layer pipe according to Fig. 7 with
internal layer 1 and external layer 2 in detailed view in the area of the two weld seams
7,9
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14 MCSLLP Claims 1. A method for manufacture of a multi-layer pipe (5)
by means of a bending roller, where individual material layers (1, 2) to be
combined into the multi- 6 layer pipe (5) are put onto each other,

subsequently a first connection (3, 3a and 3b, 3a, and 3a2, 3b, and 3b2, MCSLLP

3n, and 3n2) between the material layers (1, 2) is created by connecting

them to each other, characterised in that 10 - the thus formed multi-layer
Ghitegal is shaped into a pipe (5) by means of the bending roller with a
constanhfEgtiendighheonrectan Heingi-eieatsigdagendaasoatebanding roller,
Iayersm(l% r23 as a result of the pressure of the rollers from the top and

from the %ottom, and during shaping, the portions (1c, 1d, 2a, 2b) of the

material layers (1, 2), which can still shift 15 freel ainst other, shifting
freely o eacﬁ”ghﬁ'gp rggt%r %ﬁﬁ%%r i h%&éo 8ﬁ§8¥ﬂ§%?8¢?&%t§“ uh?e rl%)E'the
different benthyadipiotitfipenabplomtd packi othaernal pipe (2) after a

definite shaping progress at least one other connection (6a, 6b) is created
between the subteripielijieadifdt @rimgdommEctiagatied tSaanitl 2@ .03her in

at least one %&%B&%ﬁ%@@ﬂé%@é@# AL RIBRADAEDEN 2) is created by

finish-shaped by means of the bending roller and/or bending machine,

with the matéFANesIS PEMIIRAEAGHE" more against each other now

during this finis_h-sh_apingis, so that as a result, the material layer (1) acting
as an FitefAEPHRSE I8 BHdssed non 25 positively into the material layer (2)
acting as an external pipe. 2. A method for manufacture of a multi-layer

pipe (5) by migariBustfarBestifg e Beteraliy Tererthnte emipadhaiydgeans

in that the majeiial JayamaLioRstiReRS ashdrier fationafanrskiiesod being

graduated circle 1 ¢10S S SS HY LG RIRNE UM LSO IRR Blssure of
the rollers from the top and from the bottom, and during shaping, the
portions {1c, 1d, 2a, 2b) of the material layers (1, 2}, which can still shift
freely against other, shifting freely to each other in accordance with the
shaping progress due to the different bend radii of internal pipe (1) and
external pipe (2}

- after a definite shaping progress at least one other connection (6a, 6b) is
created between the material layers (1, 2) by connecting them to each

other in at least one other position, and

- the multi-layer pipe (5) is then finish-shaped by means of the bending
roller and/or bending machine, with the material layers (1, 2) shifting no
more against each other now during this finish-shaping, so that as a
resuit, the material layer (1) acting as an internal pipe is pressed non-
positively into the material layer (2) acting as an external pipe.

2. A method for manufacture of a multi-layer pipe (5) by means of a bending roller
according to claim 1, characterised in that the material layer (1) acting as an
internal pipe constitutes a graduated circle in cross-section in the finished mutti-
layer pipe {(5).
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15 MCSLLP 3. A method for manufacture of a multi-layer pipe (5) by
means of a bending roller according to claim 2, characterised in that the
material layer (1) acting as an internal pipe that constitutes a graduated
circle in cross-section in the finished multi-layer pipe (5) forms a channel
at the base of the multi-layer pipe. 5 4. A method for manufacture of a
multi-layer pipe (5) by means of a bending roller according to claim 1, 2 or
3B, chatareifisddanrisatfretcorhacioli-Riciet s naienes riyrkRepding rofler

is creajgshRyrgPioNGstng, theiratecnash pthen apprexisiatelycalangstitg as an
longitudinal edge (4) or transyerse edge (4a) of the material layer 10 .. .
posiudﬁt&a“SEB%& E*i%“o‘%%s@r%%ﬁﬁ a%?y a?é%‘%)%‘f (Iaeall ife Sbsé?ae.ﬁke?%or?t?}? %[Shed
methothdts imyan wiaet(Fefots meharigepipe pepeyitwamsibfiayBeRting

roller according to any one of claims 1 - 4, characterised in that the at

least one other connection (6a, 6b) between the erial layer 2).
boour B S PGS P POl Ao i AT s e roter
seconddomginglinalacigt p4)ral, thamsvierseddythatfisbtansentiearkatisger the

above (Lscigy 12 Redh 9 i@E%Q?QHW%Mr@’QD?&?QRe%l%%Q&ﬁ%ﬁb%gp@x%ately
¥er

oller SRR B9 MRS P ER SRRSO PR over

first copusiteiret beovedn)tbeapatadiablaipaso(bsRieis Greapachlist to i.
connecting them to each other alongside one of the longitudinal edges (4)

or transverse edges (4a§of the material layer (1) above, and the at least

Bne ot SPEHRALEEBIRBERBET SEAMHBERVEE R'BS Ph KT QRN pHNg roller
2) aftesaslefinitoshaping progiessialangsiste dieeseriondatdhgiahtiast one other
edge or transverse. e of ' \ . -
N A i eV
accordihgrioaRpeifs oReRifFgate B,Wﬁé‘féﬁﬁéqmﬁ%&&%édﬁt%w%% or
other 3o-eQBRRCLGN:(Gm) Bb)Haeasting ralesial layess (B, 2))isoereated

1 0, 0,
after aa%%? i?rﬂat%ﬂ? %58?135? etvg !?12 ggraﬁe??cg E{e ss than 100 %. 16

S

6. A method for manufacture of a multi-layer pipe (5) by means of a bending roller
according to any one of claims 1 - 5, characterised in that

- the first connection between the material layers (1, 2) is created by
connecting them to each other alongside one of the longitudinal edges
(4) or transverse edges (4a) of the material layer (1) above, and

- the at least one other connection (8a, 6b) occurs between the material
layers (1, 2) after a definite shaping progress alongside the second
fongitudinal edge or transverse edge of the material layer (1) above.

7. A method for manufacture of a multi-layer pipe (5) by means of a bending roller
according to any one of ¢laims 1 - 8, characterised in that the at least one other
connection (Ba, 6b) between the material layers (1, 2) is created after a shaping
progress between 50 % and less than 100 %.

16
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MCSLLP 8. A method for manufacture of a double-layer pipe (5) as a

multi-layer pipe with an external pipe (2) and an internal pipe (1) by means

of a bending roller according to any one of claims 1 - 6, characterised in MCSLLP
that the at least one other connection (6a, 6b) between the material

layers (1, 2) is created after a shaping 5 progress of approximately F,,,

(indicated in parts per cent) with Fro, resulting as follows ' (DA-2SA-SI)ff

gZ,.+1) Bdinodfot habulRASAfie d(DMN2BASHireniih a5/ builtgaker pipe with
externg) dAmeLPbRLINS SXIELAFMRIRGIRPUT:) BARERE B waldRkires

of the external pipe inmm, 10 S elngt e wall thickness of the interna
t

pipe irRFRRIRG B%ﬁ@’ﬁf@ﬁé&‘?&%i PRSI FiR %amﬁrﬁ&'%éb%“ﬁ&hef
the upseitiagiatiq@antie indicadedtin pattsipagest (Bl E teatgdafier a shaping
Youn I mmg 9. m%@p

multi-| gg?g} pgige (&Ey meansgy%)f%ﬁr b@ndmg roIﬁgﬁggfﬁ%{@g&@:’gﬁg%}mg aS
the pr @(Wﬁg claims 1 - 8, characterised in that at least one of the

material layers (1; 2) comprjses more than one element (1 ,1n)
positioned above. 20 10. A nethddform&hufatiure t|| yer pipe

(5) by miégnsof a bendi rised!

that the elements are pla ¢ witkHhGir Tong dinar ége aR)pro imately
parallel to the longitudinal edge of the material layer below, and the first

connegfipn () Hetwpsinghr=artemal bay@@éaofzﬂw'@e%&saream@bby e,
elements (1 3,1 b) afier theit psiioning.on 1@ Alenasids, DR gining
ch at thé sa%

location, whi & tifie COnsttutes eac onglt nal edge of
the elements¥f the beineiag MybinitkacssyfdhadpemamReoRmBBted with

the o] being the yield point of the internal pipe in N/mm?
Zs being the upsetting allowance indicated in parts per cent
and
E being the Young's modulus in N/mm?,
9. A method for manufacture of a multi-layer pipe (5) by means of a bending roller

according to any one of the preceding claims 1 - 8, characterised in that at least
one of the material layers (1, 2) comprises more than one element (1a, 1b, 1n}

positioned above.

10. A method for manufacture of a multi-layer pipe (5) by means of a bending roller
according to claim 9, characterised in that the elements are placed with their
longitudinal edge approximately paralle! to the longitudinal edge of the material
layer below, and the first connection (3) between the material layers (1, 2} is
created by the elements (1a, 1b) after their positioning on top alongside their
joining location, which at the same time constitutes each a longitudinal edge of
the elements of the material layer (1a, 1b) on top, being connected with the

material layer below.

11. A method for manufacture of a multi-layer pipe (5) by means of a bending roller
according to any one of the preceding claims 1 - 10, characterised in that the
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material layer below. ao 11. A method for manufacture of a multi-layer

pipe (5) by means of a bending roller according to any one of the

preceding claims 1 - 10, characterised in that the 17 MCSLLP multi-layer MCSLLP

pipe (5) is closed by means of welding (7) of the external pipe (2)

alongside the pipe seam (8) and deposition welding (9) of the internal pipe

(1). 12. A method for manufacture of a multi-layer pipe (5) by means of a

bendimguitileyeb mige ¢&lisg et pome afsiof wetegl ity o dmexterndl pipe (2)

charadieaer N3 s JIRRaB VRIS AR ARV IR ahBRRle (1)

front (5). 13. A method for manufacture of a multi-layer pipe (5) by means

of a bending roller according to any one of the preceding claims 1 - 12,

thara®eriseddydhaisastaclOeat i dayidi pipenidp 45 bybrtedapaf pipending rolier

manuiagliraiotd-4n RAD ORI INARHIRS LAY  MUIEIRYECBIRAD) Mt the
a bending ro I

means of a_ ler accorng:‘% to an%%on‘e of the§receding claims 1
- 13, cRatatm RIS that Fresensdedidngrirmirsisblayer (1, 2) or
elements (1a, 1b, 1n) of the material layer 15 (1). 15. A method for

fact Iti-| i f i .
T L

e preceding claims 1p-

at leagterrding fe2psMRectiche PresReinadialnsy, -alid Fxradsriaed ket as a
inland AQiBNR:cb Pt aeupatenal layers tardfischesormed as a

welding. 18

14. A method for manufacture of a multi-layer pipe (5) by means of a bending roller
according to any one of the preceding claims 1 - 13, characterised in that plates
are used as a material layer (1, 2) or elements (1a, 1b, 1n) of the material layer

(1).

15. A method for manufacture of a multi-layer pipe (5) by means of a bending roller
according to any one of the preceding claims 1 - 14, characterised in that at
least one of the connections (3, 3a and 3b, 3a, and 3a,, 3b;and 3b,, 3n;and
3n,, 6a, Bb) of the material layers (1, 2) is performed as a welding.
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