EP 0 285 313 B1

®

Europdisches Patentamt
European Patent Office

Office européen des brevets

@ Publication number:

0 285 313 B1

EUROPEAN PATENT SPECIFICATION

Date of publication of patent specification: 13.01.93 G Int. C15. C23C 4/02

@
@

Application number: 88302533.0

Date of filing: 23.03.88

@ Compound member and method for producing the same.

Priority: 30.03.87 JP 76753/87

Date of publication of application:
05.10.88 Bulletin 88/40

Publication of the grant of the patent:
13.01.93 Bulletin 93/02

Designated Contracting States:
DE FR GB

References cited:
EP-A- 0 075 844
FR-A- 2 375 156
US-A- 4 159 353
US-A- 4 576 874

WO-A-86/06106
US-A- 3 976 809
US-A- 4 485 151

PATENT ABSTRACTS OF JAPAN, vol. 10, no.
262 (C-371)[2318], 6th September 1986; & JP-
A-61 087 859 (SHOWA DENKO K.K.)
06-05-1986

@

@

Proprietor: HITACHI, LTD.
6, Kanda Surugadai 4-chome
Chiyoda-ku, Tokyo 100(JP)

Inventor: Uchida, Tetsuro
1820-119 Hirasucho
Mito-shi(JP)

Inventor: Kodama, Hideyo
2920-45, Mukaino
Mawatari Kasuta-shi(JP)
Inventor: Anzai, Koichi
13-2-2, Ishikawacho
Katsuta-shi(JP)

Inventor: Shitamura, Osamu
3600-327, Nakane
Katsuta-shi(JP)

Inventor: Shimizu, Masaki
885-11, Ichige
Katsuta-shi(JP)

Representative: Calderbank, Thomas Roger et
al

MEWBURN ELLIS & CO. 2/3 Cursitor Street
London EC4A 1BO(GB)

Note: Within nine months from the publication of the mention of the grant of the European patent, any person
may give notice to the European Patent Office of opposition to the European patent granted. Notice of opposition
shall be filed in a written reasoned statement. It shall not be deemed to have been filed until the opposition fee

has been paid (Art. 99(1) European patent convention).

Rank Xerox (UK) Business Services



1 EP 0 285 313 B1 2

Description

The present invention relates to a compound
member comprising a core and a surface layer
used for compound rolls, turbine rotors, various
tools or the like and a method for producing the
same.

There have been strong demands for recent
Sendzimir rolls that should have a durability in high
optical brightness. In order to meet these demands,
it is necessary to provide finer or more homo-
geneous properties to a structure of the roll mem-
ber. Also, 6-high mills or any other rolls may need
a rolling operation under a high rolling reduction.
There is a tendency that a diameter of rolls will be
decreased. For that reason, it is necessary that the
core of the roll should have a high mechanical
strength and a high toughness and the surface
layer of the roll should have spalling-proof and
wear-proof. Also, a turbine rotor needs such de-
mands for the properties. It is advantageous to use
the compound member, comprising a core and a
surface layer, for producing a compound roll or a
turbine rotor that has such properties. There are
the following methods for producing such a com-
pound member:

Hot Isostatic Pressing Method;

Insert Metal Method;

Liquid Phase Sintering Method; and

Plasma Spray Deposition Method.

The hot isostatic pressing method is a method
in which powders produced through a gas-atomiz-
ing method are arranged around the core, and are
pressurized under a hot environment to form a
compound member after the powders have been
cold-molded. In the compound roll or turbine rotor
produced by this method, since a thickness of a
diffusion layer in an interface between the core and
the surface layer is small, a stress concentration
occurs during the heat treatment, disadvantageous-
ly, so that a crack or peel is likely to be occurred in
the surface layer.

The insert metal method is a method in which
a sleeve which has been made of powder material
by sintering is shrink-fitted over a core to form a
compound member. This method suffers from such
a disadvantage that, when the operational loads
imposed on the compound rolls or turbine rotors
produced by this method is increased, the contact
portion between the core and the sleeve would be
peeled.

The liquid phase sintering method is a method
in which a sleeve that has been made of powder
material by sintering is diffused into a surface layer
of a core to form a compound member. In the
compound roll or turbine rotor formed by this meth-
od, a thickness of the diffused layer in the interface
portion between the sleeve and the core is small at
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about 2 mm. Therefore, this method suffers from a
disadvantage that residual stresses would be con-
centrated on the interface portion resulting in oc-
currence of cracks or peels.

The plasma spray deposition method is a
method in which powder material is deposited on a
core surface by plasma spray to thereby form a
compound member. The compound roll or turbine
rotor produced by this method suffers from a dis-
advantage that a crack or a peel is likely to be
occurred due to differences in coefficient of linear
thermal expansion and elastic modulus between
the core and the surface layer.

According to any one of the above-described
method, the compound roll or turbine rotor suffers
from the disadvantages that the stress concentra-
tion would occur in the vicinity of the interface
between the core and the surface layer and that
the surface layer would be peeled or cracked.

According to a first aspect of the present in-
vention, there is provided a method for producing a
compound member having a core and a surface
layer of which mechanical properties are different
from those of the core, including a step of forming
said surface layer by plasma spray deposition of
powder material onto said core wherein said meth-
od includes:

forming at least one intermediate layer be-
tween said core and surface layer by the plasma
spray deposition so that the differences in the
coefficients of linear thermal expansion between
adjacent layers including said core and surface
layer is not greater than 3 x 107%/°C and the
thickness of each of said at least one intermediate
layer is at least 1.5mm.

According to a second aspect of the present
invention, there is provided a compound member
having a core and a surface layer formed by plas-
ma spray deposition characterised in that:

there is at least one intermediate layer be-
tween said core and surface layer, formed by plas-
ma spray deposition, said at least one intermediate
layer being such that the differences in the coeffi-
cients of linear thermal expansion of adjacent lay-
ers including said core and surface layer is not
greater than 3 x 107%/° C and each of said at least
one intermediate layer has a thickness of at least
1.5mm.

According to a third aspect of the present
invention a compound roll for rolling comprising a
shaft portion formed by a core having high me-
chanical strength and high toughness and a surface
layer having wear-proof and spalling-proof charac-
terised in that:

there is at least one intermediate layer be-
tween said shaft portion and surface layer formed
by plasma spray deposition, said at least one inter-
mediate layer being such that the differences in the
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coefficients of linear thermal expansion of adjacent
layers including said shaft portion and surface layer
is not greater than 3 x 107%/°C, and each of said
at least one intermediate layer has a thickness of at
least 1.5mm.

The present invention may thus provide a com-
pound member comprising a core and a surface
layer for which the mechanical properties are dif-
ferent from those of the core and a method for
producing the same, which can eliminate any oc-
currence of stress concentration in an interface
between the core and the surface layer and occur-
rence of peeling and crack of the surface layer,
and which makes the mechanical properties of the
surface layer be greatly different from those of the
core and which is suitable for producing a com-
pound roll for rolling and a turbine rotor.

The present invention may further provide a
compound roll of which surface layer is superior in
spalling-proof and friction resistance, of which core
has a high mechanical strengthh and a high stiff-
ness, which is free from the crack and peeling of
the surface layer and of which diameter can be
reduced.

In one embodiment of the invention, the shaft
portion is made of steel and the surface layer and
the at least one intermediate layer are formed of
powder material of hard metal by a plasma spray
deposition over the shaft portion.

In another embodiment of the invention, the
shaft portion is made of steel and the surface layer
and the at least one intermediate layer are formed
of powder material of ceramics by a plasma spray
deposition over the shaft portion.

Embodiments of the present invention will now
be described in detail, by way of example with
reference to the accompanying drawings, in which:

Fig. 1 is a cross-sectional view of a compound
roll according to the invention;

Fig. 2 is a schematic diagram showing an ap-
paratus for producing the compound roll accord-
ing to the invention;

Fig. 3 is a graph showing between the coeffi-
cient of linear thermal expansion and the crack
occurrence state;

Fig. 4 is a graph showing a relationship between
the thickness of the intermediate layer and the
crack occurrence in the intermediate layer in the
case where the core is made of steel and the
intermediate layer is made of hard metal; and
Fig. 5 is a graph showing a relationship between
the thickness of the intermediate layer and the
crack occurrence in the intermediate layer in the
case where the core is made of steel and the
intermediate layer is made of ceramics.

A compound roll will now be described by way
of example according to the present invention.

According to an embodiment of the invention,
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as shown in Fig. 1, the compound roll 4 has a shaft
portion formed by a core 1 made of a steel with
desired high mechanical strength and foughness.
On a barrel portion of the shaft portion, an inter-
mediate layer 3a is formed of which difference in
the coefficient of linear thermal expansion to that of
the core 1 is 3 x 107%/°C and below and a thick-
ness is 1.5 mm and over. On an outer surface of
the intermediate layer 3a, another intermediate lay-
er 3b is formed of which difference in the coeffi-
cient of linear thermal expansion to that of the
intermediate layer 3a is 3 x 107%/°C and below
and a thickness is 1.5 mm and over. Further, on an
outer surface of the intermediate layer 3b, another
intermediate layer 3c is formed of which difference
in the coefficient of linear thermal expansion to that
of the intermediate layer 3b is also 3 x 107%/°C
and below and a thickness is 1.5 mm and over. On
an outer surface of the outermost intermediate lay-
er 3c, a surface layer 2 having desired spalling-
proof and wear-proof properties is formed. A dif-
ference in the coefficient of linear thermal expan-
sion between the outermost intermediate layer 3¢
and the surface layer 2 is also 3 x 107%/°C and
below. The intermediate layers 3a, 3b, 3c, and the
surface layer 2 are formed of powder material of
hard metal by plasma spray deposition, thereafter
sintered, subsequently hot forged and finally heat
treated in a predetermined manner.

The plasma spray deposition of the powder
material of hard metal is performed by an appara-
tus shown in Fig. 2. The apparatus includes a
spray torch 5 with a spray nozzle 13, and powder
material supply means 6 and 6' for supplying plural
powder materials 8 and 8' to the spray torch 5. A
controller 7 is connected to the spray torch 5 for
controlling an operation of the torch 5 and for
supplying working gas 10 and cooling water 11 fo
the spray torch 5. Reference numeral 12 denotes
an electric supply source. Powder material supply
gas 9 is supplied to the powder material supply
means 6, 6' for supplying the powder materials 8,
8' to the torch 5.

In the apparatus, the powder materials 8, 8' are
applied to the core 1 by the plasma spray deposi-
tion while rotating the core 1 in a direction in-
dicated by an arrow a in Fig. 2, to thereby form the
intermediate layer 3a. Subsequently, a mixture ratio
or composition of the powder materials 8, 8' is
changed so that the powder materials are applied
fo the intermediate layer 3a by the plasma spray
deposition so as to form the intermediate layer 3b
having a difference in coefficient of linear thermal
expansion of 3 x 107 °C and below to that of the
intermediate layer 3a. In the same manner, the
intermediate layer 3c is formed on the intermediate
layer 3b. The surface layer 2 having the desired
mechanical properties is formed on the intermedi-
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ate layer 3¢ by the plasma spray deposition.

In the foregoing embodiment, the powder ma-
terial forming the intermediate layers and the sur-
face layer is the powder material of hard metal but
it is apparent that other powder materials such as
ceramics and steel may be used.

Reasoning of the above-described numerical
limitation to the coefficient of linear thermal expan-
sion and to the thickness of the plasma spray
deposition layers will be explained with reference
to Figs. 3 to 5.

The present inventors made various compound
members having different coefficients of linear ther-
mal expansion in the core and the plasma spray
deposition layer in order to determine a suitable
value of the coefficient of linear thermal expansion
of the plasma spray deposition layers and inspect
the state of occurrence of the cracks in the plasma
spray deposition layers. The results are shown in
Fig. 3. Fig. 3 shows the experimental results show-
ing the relationship between the state of the crack
occurrence in the plasma spray deposition layer
and the coefficient of linear thermal expansion, the
abscissa indicating the coefficient of linear thermal
expansion of the plasma spray deposition layer and
the ordinate indicating the coefficient of linear ther-
mal expansion of the core.

As is apparent from Fig. 3, it will be understood
that if the difference in coefficient of linear thermal
expansion between the plasma spray deposition
layer and the core is kept at 3 x 107%/°C and
below, the occurrence of crack may be sup-
pressed.

It is known that, when two kinds of substances
different in coefficient of linear thermal are bonded
to each other and the thickness of one of the
substances is very thin in comparison with the
other substance, a maximum tensile stress is gen-
erated in the substance having the smaller coeffi-
cient of thermal expansion and a compression
stress which is smaller than the maximum tensile
stress is generated in the substance having the
larger coefficient of thermal expansion. Also in the
compound roll or turbine rotor, if the tensile stress
generated in the plasma spray layers (intermediate
layers) exceed the allowable siress level of the
material forming the plasma spray deposition layer,
cracks or peels occur in the plasma spray deposi-
tion layers. In order to determine the thicknesses of
the plasma spray deposition layers, the present
inventors have inspected the stress distribution
within the compound member in the case where
the core is made of steel and the plasma spray
deposition layers are made of hard metal and ce-
ramics. The experimental results are shown in Figs.
4 and 5 in which Ar is the thickness of the plasma
spray deposition layers. As is apparent from Figs.
4 and 5, if the thickness of the plasma spray
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deposition layers is selected at 1.5 mm and over,
the tensile stress generated in the plasma spray
deposition layers does not exceed the allowable
stress level of the material forming the plasma
spray deposition layers. Therefore, if the thickness
of the plasma spray deposition layers is selected at
1.5 mm and over, it is possible to prevent the
occurrence of cracks or peels in the plasma spray
deposition layers.

In the foregoing embodiment, the number of
the intermediate layers is three but it is possible to
change the number of the intermediate layers in
accordance with the magnitude of the difference in
coefficient of linear thermal expansion between the
core 1 and the surface layer 2. For instance, in the
case where the difference in coefficient of linear
thermal expansion between the core 1 and the
surface layer 2 is at 6 x 107%/°C, it is sufficient to
provide a single intermediate layer having a coeffi-
cient of linear thermal expansion of 3 x 107%/°C. In
other words, it is sufficient that at least one inter-
mediate layer is formed between the core and the
surface layer by the plasma spray deposition so
that the difference in coefficient of linear thermal
expansion between the adjacent layers including
the core and the outer surface is 3 x 107%/°C and
below.

Although the above-described embodiment is
related to the compound roll, the above-described
numerical limitation in the thickness and the dif-
ference in coefficient of linear thermal expansion of
the plasma spray deposition layer (intermediate
layer) may be applied to a turbine roller or various
fools.

Claims

1. A method for producing a compound member
having a core (1) and a surface layer (2) of
which mechanical properties are different from
those of the core, including a step of forming
said surface layer by plasma spray deposition
of powder material onto said core character-
ized in that:

said method includes:

forming at least one intermediate layer (3)
between said core (1) and surface layer (2) by
the plasma spray deposition so that the differ-
ences in the coefficients of linear thermal ex-
pansion between adjacent layers including said
core and surface layer is not greater than 3 x
107%/° C and the thickness of each of said at
least one intermediate layer (3) is at least
1.5mm.

2. A compound member having a core (1) and a
surface layer (2) formed by plasma spray de-
position characterised in that:
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there is at least one intermediate layer (3)
between said core and surface layer, formed
by plasma spray deposition, said at least one
intermediate layer (3) being such that the dif-
ferences in the coefficients of linear thermal
expansion of adjacent layers including said
core and surface layer is not greater than 3 x
107%/°C and each of said at least one inter-
mediate layer (3) has a thickness of at least
1.5mm.

A compound member as claimed in claim 2,
wherein

said core (1) is of steel and said at least
one intermediate layer (3) and said surface
layer (2) are made of powder material of hard
metal.

A compound member as claimed in claim 2,
wherein said core (1) is of steel and said at
least one intermediate layer (3) and said sur-
face layer (2) are made of powder material of
ceramics.

A compound roll (4) for rolling comprising a
shaft portion (1) formed by a core having high
mechanical strength and high toughness and a
surface layer (2) having wear-proof and
spalling-proof characterised in that:

there is at least one intermediate layer (3)
between said shaft portion (1) and surface lay-
er (2) formed by plasma spray deposition, said
at least one intermediate layer (3) being such
that the differences in the coefficients of linear
thermal expansion of adjacent layers including
said shaft portion and surface layer is not
greater than 3 x 107%/°C, and each of said at
least one intermediate layer has a thickness of
at least 1.5mm.

A compound roll for rolling as claimed in claim
5, wherein said shaft portion (1) is steel and
said surface layer (2) and said at least one
intermediate layer (3) are layers made of pow-
der material of hard metal which is spray de-
posited on said shaft portion by plasma spray
deposition.

A compound roll for rolling as claimed in claim
5, wherein said shaft portion (1) is steel and
said surface layer (2) and at least one inter-
mediate layer (3) are layers made of powder
material of ceramics which is spray deposited
on said shaft portion by plasma spray deposi-
tion.

Patentanspriiche
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Verfahren zum Herstellen eines Verbundteils
mit einem Kern (1) und einer Oberfldchen-
schicht (2), deren mechanische Eigenschaften
von denen des Kerns verschieden sind, zu
dem ein Schritt des Erzeugens der Oberfl3-
chenschicht durch Plasmaspriihabscheidung
eines Pulvermaterials auf den Kern gehort,
dadurch gekennzeichnet, daf

- dieses Verfahren folgendes aufweist:

- Ausbilden mindestens einer Zwischen-
schicht (3) zwischen dem Kern (1) und
der Oberflachenschicht (2) durch Plas-
maspriihabscheidung so, daB die Diffe-
renzen zwischen den linearen thermi-
schen Expansionskoeffizienten fiir be-
nachbarte Schichten, zu denen der Kern
und die Oberflachenschicht gehdren,
nicht gréBer ist als 3 x 107%/°C, und die
Dicke der mindestens einen Zwischen-
schicht (3) mindestens 1,5 mm betrégt.

Verbundteil mit einem Kern (1) und einer durch
Plasmaspriihabscheidung erzeugten Oberfl4-
chenschicht (2), dadurch gekennzeichnet,
daB:

- mindestens eine Zwischenschicht (3)
zwischen dem Kern und der durch Plas-
maspriihabscheidung erzeugten Oberfl3-
chenschicht vorhanden ist, welche min-
destens eine Zwischenschicht (3) derar-
tig ist, daB die Differenzen zwischen den
linearen thermischen Expansionskoeffi-
zienten benachbarter Schichten, zu de-
nen der Kern und die Oberfldchenschicht
gehdren, nicht gréBer ist als 3 x
107%/°C, und daB jede der mindestens
einen Zwischenschichten (3) eine Dicke
von mindestens 1,5 mm aufweist.

Verbundteil nach Anspruch 2, bei dem der
Kern (1) aus Stahl besteht und die mindestens
eine Zwischenschicht (3) und die Oberfldchen-
schicht (2) aus einem Pulvermaterial aus Hart-
metall bestehen.

Verbundteil nach Anspruch 2, bei dem der
Kern (1) aus Stahl besteht und die mindestens
eine Zwischenschicht (3) und die Oberfldchen-
schicht (2) aus einem Pulvermaterial aus Kera-
mik bestehen.

Verbundwalze (4) flir Walzzwecke mit einem
aus einem Kern mit hoher mechanischer Fe-
stigkeit und hoher Zdhigkeit gebildeten Well-
enteil (1) und einer abriebfesten und abplatz-
bestdndigen Oberflachenschicht (2), dadurch
gekennzeichnet, dafi:

- mindestens eine Zwischenschicht (3)
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zwischen dem Wellenteil (1) und der
durch Plasmaspriihabscheiden ausgebil-
deten Oberfldchenschicht (2) vorhanden
ist, welche mindestens eine Zwischen-
schicht (3) derartig ist, daB die Differen-
zen betreffend die linearen thermischen
Expansionskoeffizienten benachbarter
Schichten, zu denen das Wellenteils und
die Oberflachenschicht gehdren, nicht
groBer als 3 x 107%/°C ist und jede der
mindestens einen Zwischenschichten
eine Dicke von mindestens 1,5 mm auf-
weist.

Verbundwalze flir Walzzwecke gemiB An-
spruch 5, bei der der Wellenteil (1) aus Stahl
besteht und die Oberfldchenschicht (2) und die
mindestens eine Zwischenschicht (3) Schich-
ten aus einem Pulvermaterial eines Hartmetalls
sind, das durch Plasmaspriihabscheidung auf
dem Wellenteil durch Sprilhen abgeschieden
ist.

Verbundwalze flir Walzzwecke gemiB An-
spruch 5, bei der der Wellenteil (1) aus Stahl
besteht und die Oberfldchenschicht (2) und die
mindestens eine Zwischenschicht (3) Schich-
ten aus einem Pulvermaterial aus Keramik
sind, die durch Plasmaspriihabscheidung auf
dem Wellenteil durch Sprilhen abgeschieden
ist.

Revendications

Procédé pour fabriquer un élément composite
possédant un noyau (1) et une couche superfi-
cielle (2), dont les propriétés mécaniques sont
différentes de celles du noyau, comprenant
une étape de formation de ladite couche su-
perficielle par dépdt d'un matériau en forme
de poudre au moyen d'une projection de pla-
sma, sur ledit noyau, caractérisé en ce que :

ledit procédé comprend :

la formation d'au moins une couche inter-
médiaire (3) entre ledit noyau (1) et ladite
couche superficielle (2) par dépdt par projec-
tion de plasma de sorte que les différences
entre les coefficients de dilatation thermique
lindaire entre des couches adjacentes y com-
pris ledit noyau et ladite couche superficielle
ne sont pas supérieures & 3 x 107%/°C et que
I'épaisseur de la ou de chacune desdites cou-
ches intermédiaires (3) est égale au moins 2
1,5 mm.

Elément composite comportant un noyau (1) et
une couche superficielle (2) formée par dépdt
par projection de plasma, caraciérisé en ce
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que :

il existe au moins une couche intermédiai-
re (3) entre ledit noyau et ladite couche super-
ficielle, formée par un dépdt par projection de
plasma, ladite au moins une couche intermé-
diaire (3) étant telle que les différences des
coefficients de dilatation thermique linéaire de
couches adjacentes y compris ledit noyau et
ladite couche superficielle, ne sont pas supé-
rieures & 3 x 107%/°C et que la ou chacune
desdites couches intermédiaires (3) posséde
une épaisseur égale au moins 4 1,5 mm.

Elément composite selon la revendication 2,
dans lequel ledit noyau (1) est en acier et
ladite au moins une couche intermédiaire (3) et
ladite couche superficielle (2) sont formées
d'une poudre d'un métal dur.

Elément composite selon la revendication 2,
dans lequel ledit noyau (1) est réalisé en acier
et ladite au moins une couche intermédiaire (3)
et ladite couche superficielle (2) sont formées
d'une poudre d'un matériau céramique.

Cylindre composite de laminage (4) compre-
nant une partie formant arbre (1) constituée
par un noyau possédant une résistance méca-
nique élevée et une ténacité élevée et une
couche superficielle (2) résistante a l'usure et
A I'écaillage, caractérisé en ce que :

au moins une couche intermédiaire (3) est
prévue entre ladite partie formant arbre (1) et
ladite couche superficielle (2) formée par dé-
pbt par projection de plasma, ladite au moins
une couche intermédiaire (3) étant telle que les
différences des coefficients de dilatation ther-
mique linéaire de couches adjacentes y com-
pris ladite partie formant arbre et ladite couche
superficielle ne sont pas supérieures 3 3 x
107%/°C, et que la ou chacune desdites cou-
ches intermédiaires posséde une épaisseur
égale au moins & 1,5 mm.

Cylindre composite de laminage selon la re-
vendication 5, dans lequel ladite partie formant
arbre (1) est réalisée en acier et ladite couche
superficielle (2) et ladite au moins une couche
intermédiaire (3) sont des couches formées
d'une poudre d'un métal dur, qui est projetée
sur ladite partie formant arbre selon un dépdt
par projection de plasma.

Cylindre composite de laminage selon la re-
vendication 5, dans lequel ladite partie formant
arbre (1) est en acier et ladite couche superfi-
cielle (2) et ladite au moins une couche inter-
médiaire (3) sont des couches formées d'une
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poudre d'un matériau céramique, qui est proje-
tée sur ladite partie formant arbre au moyen
d'un dépdt par projection de plasma.
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