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UNITED STATES PATENT OFFICE 
2,691,208 

METHOD OF LAMINATING STRIP METAL 
Joseph B. Brennan, Cleveland, Ohio 

Application August 14, 1948, Serial No. 44,305 
(C. 29-189) 5 Clains. 

This invention relates to method of continu 
Ously laminating two or more strips of metal 
Such as a strip of copper and a strip of cold rolled 
steel or a strip of bronze and a strip of cold 
rolled steel, or for example a strip of silver and 
a Strip of cold roled Steel. 
This invention is a continuation-in-part of my 

pending application Serial No. 598,080, filed June 
7, 1945, now Patent No. 2,530,853, issued Novem 
ber 21, 1950, insofar as common subject matter 
existS, and also of my pending application Se 
rial No. 605,857, filed July 18, 1945, now Patent 
No. 2,580,652, issued January 1, 1952, insofar as 
common Subject matter exists. 
An object of this invention is to bond two or 

more strips of metal in face-to-face and aligned 
relationship so that a bimetallic or multi-metal 
lic layer of strip results therefrom which can be 
used in making for instance split bushings and 
bearings in the case where a thin Strip of bear 
ing material Such as bronze is aminated to a 
thin strip of steel. 
The resultant product of laminated strip 

metals according to my invention is flexible and 
can be distorted and twisted and forged cold 
without separating the laminations. 
Thus, for example, according to my invention 

I am able to laminate flexible strip leaded bronze 
to flexible strip steel continuously in Such a way 
that little distortion is effected in the two sepa 
rate strips prior to bonding or in the resultant 
strip after bonding. Also other metals such as 
silver and copper and their alloys may be 
bonded to ferrous base metals by this invention. 

In carrying Out my invention, I draw two 
strips of thin metal of approximately the same 
width through a Zone where they approach each 
other and then become facially abutted. Prior 
to bringing the inside faces of the strip mate 
rial together I coat one of these faces lightly 
with, for example, 300 mesh nickel powder either 
by dusting the nickel powder on lightly or 
brushing it on with a light brush or by applying 
the nickel powder through a hopper discretely 
on One face of one of the StripS and fusing the 
thin discrete particles of nickel by heat in a 
preferably deoxidizing atmosphere or flame. 
An alternative method of applying the nickel 

powder in discrete pattern is to lightly spray it 
on One face of for example the steel strip with a ; 
Schoop metallizing gun Or its equivalent and 
thereafter fuse. 

In any case, after applying the nickel dust Or 
powder to one face of one of the two Strips of 
metal I heat the face of the strip to which the 
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nickel dust or powder has been applied to a 
bright cherry red heat which causes the nickel 
to become closely alloyed with the face of the 
steel strip. At the same time that I heat the 
nickel powdered face of the steel strip cool the 
opposite side thereof by maintaining it in Con 
tact with and moving it over a heat conductive 
fluid cooled surface. In this Way distortion of 
the steel strip due to tension and pressures in 
volved in the bonding processes is Substantially 
eliminated. This is because I need to heat the 
strip only to for example 10% of its thickness. 
in order to Secure the bonding of the nickel 
particies thereto and this is rendered possible by 
the use of preferably high frequency heating 
coils adjacent the nickelled face of the steel strip 
and the cooling means in back of adjacent to 
the opposite face of the steel strip. The steel 
strip is moved progressively and continuously 
through this heating and cooling means as it 
moves toward for example the bronze strip to 
which it is to be laminated. A preferably deoxi 
dizing flame can be used to preclean the steel 
face to which the nickel is applied and also to 
fuse the nickel thereto if desired. 
The face of the bronze Strip as it is being 

drawn to approach abutment with the nickelled 
face of the steel Strip has its face which is near 
est to and approaching the nickelled side of the 
steel strip preferably heated to a slight depth 
with high frequency heating coils. Arranged 
near this nearest face and adjacent to and 
against the opposite side of the bronze strip is a 
cooling means so that the high frequency heat 
applied to the inner face of the bronze strip does 
not disturb the shape, tensile strength and other 
physical characteristics of the bronze Strip ap 
preciably. The high frequency heat applied to 
the moving bronze Strip on One face renders this 
face somewhat plastic to a depth of say 10% of 
its thickness while maintaining the remaining 
body of the bronze strip in Solid condition. 
As the two strips of metal to be laminated are 

brought together the facial heating and facial 
cooling thereof is maintained right up to the 
point of abutment. The abutment can be done 
between one or more pairs of fluid cooled rolls. 
The speed of passing the strips of metal to be 
laminated through these rolls is maintained by 
the speed with which the interfaces of these 
Strips can be brought to a high heat While main 
taining the outside faces thereof solid and rela 
tively cool. The speed of passing between the 
bonding rolls must be Such that at the instant 
of application of pressure the interfaces of the 
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two strips are somewhat plastic So that an in. 
termolecular bond is set up between the two 
faces which are immediately chilled if desired 
thereafter. 

Ef preferred, water cooled rolls if of sufficiently 
large diameter and Sprayed at the proper speed 
can be used to keep the Outside faces of the two 
Strips of metal Cool and in Solid condition and 
not distorted While the approaching inside faces 
of the two strips are rendered somewhat plastic 
by the high frequency heating coils which can 
be arranged to Conform to the curvature of the 
rolls. 
The instant the two strips of metal having their 

interfaces highly heated to a sight depth enter 
the bight of the Small rolls they are bonded 
together which bond becomes permanent the in 
stant the So-bonded and so-laminated Strip is 
cooled. 

If desired SWaging or hannering or pressing 
means may be used instead of the rols to Sl:- 
ply the pressure necessary to bond the Strips 
together. Thus a continuously pressurized pair 
of chains or beltS may be applied to the outside 
Surfaces of the two strips of inetal after they 
have been brought together With their interfaces 
heated if desired to maintain the pressure oil 
the interfaces for a longer period than would b8 
available With the rolls. 

. It is also Within the Scope of my invention 
that Surface heating and cleaning may be ac 
complished With fianae application to Ore face or 
any other Suitable means provided the other 
faces of the strips being lanninated are kept in 
their norinal shape by temperature control 
63S, 
In any case the principal object of ny inven 

tion is to continuously bond two layers of strip 
metal by passing each Strip through an inter 
facial heating and exterior facial cooling Zone 
Simultaneously to the application of bonding 
pressures to the outside faces thereof. 

Referring to the drawings which accompany 
and are a part of this specification, 

Fig. I is a Schematic view? of apparatus for 
forning a composite Strip by utilizing presses 
to effect the bond. 

Fig. It is a Schematic view of apparatus for 
forning a composite strip by utilizing rollers. 

Fig. III is a Schematic view of apparatus for 
forming a composite strip utilizing powdered 
netal as the coating materia. 

É, Fig. I, represents a coil of cold rolled Stee 
in thin strip form being drawn through a nickel 
dust applicator 2, Fig. I, which deposits a thin 
descrete particle layer of nickel dust thereon in 
discontinuous pattern. 3, Fig. I, represents 3, 
Series of high frequency cois adjacen, to the fage 
of the cold rooled steel strip , Fig. I, and 4, 
Fig. I, represents a cooling shoe made of for ex 
ample cast iron and having water for example 
flowing therethrough for cooling same. 5, Fig. , 
represents a coil of thin strip bronze material 
Which is flexible and Which has an end thereof 
E-CL, Fig. I, illustrated as passing through the 
high frequency heating and cooling Zone repre 
Sented by the high frequency coil 3-ol, Fig. , 
near to the inside face of the bronze strip 3-ti, 
Fig. I. 
Opposite this high frequency coil 3-d, Fig. , 

and adjacent to the other face of the bronze strip 
5-G, iFig. I, is a cooling shoe or roll or means for 
extracting heat from the bronze strip through 
Conduction. This cooling ileans has cooling Wa 
ter or Sona other fluid coolant, passing there 
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4. 
through which keeps the bronze strip 5-a, Fig. I, 
Substantially solid throughout most of its thick 
ress and not easily distortable by having one face 
thereof heated to an almost plastic condition 
as it approaches a juncture with the cold rolled 
steel strip , Fig. I. 
When the bronze strip and the cold rolled 

strip are brought, together under pressure by 
lineans of between the roll 9, Fig. I, and the shoe 
or roll 4, Fig. I, the plastic interfaces become 
Very firmly bonded and Sometim8s alloyed to 
gether so that a very strongly bonded laminated 
naterial, Fig. , is produced thereby when chilled. 
I find that the application of the fired-in and 

fused discrete discontinuous nickel lattice work is 
of great value in bonding dissimilar metal strips 
which do not Ordinarily have a tendency to Wet 
each other when molten such as for example 
Silver and steel or copper and steel or alloys 
thereof. 

Immediately after passing the laminated strip 
through a pressurizing means Swaging devices 
may be used to consolidate same and it is fre 
Quently desirable to apply a water spray or some 
Other cooling neans immediately to the so-lami 
lated Strip material whereafter it can be wound 
into a coil 8, Fig. I, or further processed as by 
rolling to proper gauge. It is desirable that the 
Strip materials to be bonded be of extremely ac 
Curate gauge So that the plasticizing of the faces 
thereof may proceed at a uniform rate and to a 
uniforn, depth in continuous operation. Other. 
Wise considerable distortion and variance in gauge 
can develop. It is generally desired that the strip 
ninetal to be bonded be held to approximately 
it.0005 inch. The ordinary strip material pur 
chased commercially frequently does not have 
the close tolerances required and hence should 
be sized prior to lamination to a high degree of 
accuracy in thickness. 

Stainless Steel strip when deoxidized as by a 
flame and having the discrete particles of nickel 
dust applied and fused thereto may be bonded 
to copper or Silver by ny invention. 

Blanketing the strips' faces with a deoxidizing 
atmosphere as by a fame is desirable right up 
to the point of juncture since it facilitates clean 
and SOund bonding. 

6, Fig. I, represents one or more presses which 
can be USed instead of or subsequent to the appli 
cation of preSSure to the strips to be bonded and 
may be used as Swaging presses or time delayed 
preSSes Which travel along with the strip mate 
rial on a chain holding the continuous strips 
under preSSure for a time to improve the bond. 

, Fig. I, represents a pair of sizing rollis to 
finish the bonded strip to size and pull it along. 

Fig. It illustrates a modification of my inven. 
tion wherein indicates a coil of strip steel, 2 
a device for applying nickel powder thereto, and 
i3 heating means for interface of the steel strip. 

5, Fig. II, indicates a coil of thin flat bronze 
ani 3-ci illustrates heating means for the Sur 
face thereof and 4 indicates cooling shoe or 
means for Cooling opposite face of steel strip 
and -d indicates Water cooling means for 
bronze coil 5 and 3, and if represents rolling 
aeans and 8 Wind-up drun for laminated Strip. 
Referring to Fig. III of the drawings herewith 

2 represents a coil of base Strip material as 
of Steel having a nickel powder applicator 22 
OVer the advancing Stirip base material and heat 
ing means 23 over the nickelled base strip and 
Cooling means 24 underneath and in contact 
thereWith. 22-a, Fig. III, represents a device 

i 
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such as a metallizing gun for spray depositing 
a layer of metal to be bonded over the nickelled 
base strip whereafter such spray gun the so 
deposited layer may be heated by heating means 
23-a to consolidate the spray deposited layer 
with the nickelled base strip and bond it thereto 
Which bonding is assisted by the Water cooled 
rolls 25 pressing on the Water cooled table 24 and 
also by the rolls 26. 2 is the wind-up reel for 
the laminated strip so-produced. The base 
metal strip may be preheated prior to applying 
any fusing particles thereto, if desired. 

Molten metal can be applied to a heated sur 
face of the metal Strip, while the opposite surface 
of such metal strip is being positively cooled. 
Thus the article 22a in Fig. III could comprise 
a hopper in which molten metal is stored and 
Suitably heated, if necessary, and is applied as a 
thin film or layer over the moving surface of 
the base Strip as it is drawn under the discharged 
end of Such member 228. 

Having thus described my invention, what I 
claim is: 

1. The method of continuously laminating 
two bondable strips of metal which comprises 
longitudinally moving each strip, superficially 
heating one face only of successive longitudinal 
Sections of each strip to bonding temperature, 
simultaneously artificially cooling the other face 
of the same Successively longitudinally sections 
to maintain each Strip for a substantial portion 
Of its thickness at less than bonding temperature, 
and pressure contacting Successive longitudinal 
Sections of the heated faces of the strips with 
each other while the other faces are maintained 
in cooled State as aforesaid, 

2. The method of continuously aminating 
strip steel and a strip bearing metal selected 
from the group consisting of bronze, copper, 
Silver, and alloys thereof which comprises lon 
gitudinally moving each strip through opposed 
heating and cooling Zones simultaneously ef 
fective to heat one face only thereof to bonding 
temperature and to artificially cool the other 
face thereof through a substantial portion of its 
thickness to less than bonding temperature, and 
contacting the heated faces of the strips with 
each other under pressure to bond the strips 
together. - 

3. The method of continuously laminating 
strip steel and a strip bearing metal selected 
from the group consisting of bronze, copper, 
silver, and alloys thereof which comprises apply 
ing nickel particles to one face of the steel strip, 
longitudinally moving each strip through opposed 55 

0 

6 
heating and cooling zones simultaneously ef 
fective to heat only the nickel particle coated 
face of the steel strip to bonding temperature 
to fuse Such particles thereto and to heat one 
face only of the bearing metal strip to bonding 
temperature and to artificially cool the other 
face of each strip through a substantial portion 
of its thickness to less than bonding tempera 
ture, and pressure contacting the heated nickel 
particle coated face of the strip steel with the 
heated face of the bearing metal strip under 
pressure to bond the strips together. 
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4. Strip metal laminating apparatus compris 
ing Opposed members between which bondable 
metal strips are adapted to pass longitudinally 
for being pressed into face-to-face pressure con 
tact, heating means effective to heat to bonding 
temperature only those faces of the strips which 
are to be pressed into face-to-face contact by 
Said members, artificial cooling means effective 
at all times to maintain the opposite faces and 
substantial portions of the thicknesses of the 
Strips at less than bonding temperature, and 
means for longitudinally feeding the strips si 
multaneously past the respective heating and 
cooling means therefor and Subsequently be 
tWeen Said members to cause heating and cool 
ing of the strips as aforesaid and bonding to 
gether thereof. 

5. The apparatus of claim 4 wherein said arti 
ficial cooling means comprises coolant fluid cir 
culated through said members and with which 
members the strips are in contact during heating 
thereof by Said heating means and during press 
ing together of the heated faces. 
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