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'This invention relates to , nowel composite 
metal Structure, particularly a composite stee, 
?nd to a raowel method and appagratus whereby 
the nowel structure may be produced. The prin 

5 cipal object of the invention is to provide a nowel 
Imethod whereby two or more metals of high rmelti 
ing pointS, Bhd of different compositions or physi 
Cal properties, particularly steels, may be welded 
together. The invention is applicable, for exam• 
ple, to the production of composite steel for use 
dra cutting tools wherein the cutting edges are 
nade of tool steel and the backing is rnade of 
nild steel." The invention is not thus limited, 
hOWewer, and is applicable in any instarace where 

i5 83, COring0site metal structure may be employed. 
$feretofore, the joining of two or more metals 

has been accomplished in " warious manners, for 
example, by harmmer welding, roll 'welding, by 
c83:Sting One met8l against another, or by a com 
bination of these methods. The principal dif 
ficulty encountered in all of these prior methods 
has been to bring the rnetals of high melting 
points into Knecessary intinate contact so that 
there Will be 8í0mic contact; and thus a · trans 
fusion of one metal into another to" produce , 
perfect, joint. In these prior methods, oxidation 
of one or both of the metallic Surfafces to be 
joined has prevented the intimate. 8tormic con 
tact. which is essential to the production of a 

0 perfect joint or weld between the metals. Some 
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of the prior Imethods h?e made use of warious ? 
fitlxing Substances which flux with itae oride pres 
ent on the • metalific surfaces and protect the SBr?-- 
faces from air. The fiuxed surfaces are then 

85 joined together into intimate contact with each 
other at the necessary termperature. 

In instances where one metal has been cast 
? 8gairast; or 8rourad ... ar??Other" rnet8l, oft?rnes }, 

· · union weld has not been obtained in the casting 
40 but was produced when the metal was subsequent 

|ly hot worked. In other such cases, fiu?es have 
been used or another metal has been employed 
ira ?he joint; which would alloy more readily with 
the metals to be joined. Certain steels are more 
difficult; to unite than others, principaliy due t0 
alloys present, which form oxides that are not; 
fluable by any ordinary practical means. Chro 
mfurn is orte such alloy and therefore, steels corn= 
aining appreciable quantities of this element 
cannot be welded by ordinary means. StainleSS 
steels, for example,'cornmonly containing ower 10 
percent of chromiurn, owe their corrosion re 
sistance to an invisibly thin resistant surface 
film of oxide which is instantly formed at room 

55 temperature, thus protecting the steel frOn $-- 
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ing. Such an Oxide coating forms , barrier to 
8atomic contact between the parent; met8l and the 
other met?l to be joined therewith and 8, ürmiogra 
cannot be effected in the imgot. While Some 
union can be obtained ira subsequent forging and 
rolling operations, provided the imperfect, joint; 
is Sealed agaixast; air' and furn8Ce gases, the, hot; 
Working has to be conducted 8t; wery high term 
peratures which may be deleterious to one of the 
Steels. In any evernt, ~ such a Ymethod is only 
uSable for material to be subsequently hot Worked. 

'The present inventiorn pro wides a rhowel method 
for combining two or more ' rnetals hawing higha 
melting points, such as stjecls, in a manner to 
effect an adequate union of the metals in the 
casting operation. The terrn *metals hawing high 
melting points''' .. includes , those having melting 
points above say 2000° E. By this rmethod, atomic 
contact of the metal surfaces and, therefore, 
alloying of the Surfaces is accomplished in the 
casting operation. It is possible by this method 
to Weld together Steels which haWe hereftofore 
been turnweldable by the prior processes. 'the 
process includes the use of 8 mor-oxidizing 43f~ 
mosphere prior to and during the welding step. 
'WWhile carbon dioxide ar?d rmitrogen Im2y be egr? 
ployed, the presence of an active reducing g8:S 
such as hydrogen and carbon monoxdde giveS St1= 
perior results. The reducing gas may be em 
ployed ?ra , relatively pure conditiora or it; may 
be diluted with a non-oidizing ga.S. By the use 
of the reducing gas, oxide , is not Only prewented 
but the invisible layer, which is alwayS present 

' on stée surfaces, is reduced so that the molten 
metal comes into atomic contact with the Solid 
base metal and immediately diffuses into the Stur 
face of the base grnetal. There is thus obtained 
an adequate weld. 

'The inveration may be more clearly understood 
by reference to the accompanying . . drawings, 
wherein there is illustrated one forrn of appa~~ 
ratus by means of which the method may be 
practiced, although it will be understood that 
the method rnay be practiced in &any desired nam 
ner by any suitable- nineBrms. 

In the drawir?gS: 
'igure 1 is a, perspective wiew of the appartlS: 

Fig. 2 is an eleWational Section of the apparatitlS; 
Fig. 3 is a plam wiew of the apparattl|s; ? 
Fig.' 4 is a sectional plan wiew taken through 

the rmoild; " ? ? 
Fig., 5 is a perSpective wiew of the insert; or baSe 

meta body employed in the proceSS; and ? 
ig. 6 is a sectional piana wie? illustrating > 

rnødification. • 
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Referring particularly to FigS. 1 to 3 of the 

drawings, there is provided a mold I having open 
ing 2 at the top thereof. In accordance with the 
method of the invention, an insert; or body 3, 
forned of one of the metals to be joined and 
which constitutes the base metal in the casting 
operation, is heated outside the mold, for 
example by means of a high frequency induction 
heating unit comprising a, coil 4. It will be under 
stood, of course, that any Suitable meanS may be 
employed to . heat the insert or body 3. The in 
sert or body is heated to an elevated temperature 
below its fusion temperature. During this heat 
ing process, a reducing gas, Such as hydrogera is 
introduced into the mold, for example, by meanS 
of a supply pipe 5 extending through the top of 
the mold and which may initially take the pOSi 
tion shown in dot-and-dash outline. During the 
preheating of the insert or body 3, therefore, a 
reducing atmosphere is established and main 
tained within the mold and about the insert Or 
"body since the reducing gas flows upward through 
the opening 2and about the inSert; or body. · 

Following the preheating of the insert or body 
5 3, it is lowered into the mold; for example, into 
the position shown ira Higs. 2 and 4. The reduC 
ing gas is continuously supplied to the mold, and 
in the preserace of the reducing atmosphere, the 
molten metal is poured into contact With the in 
sert or body 3, the supply pipe for the reducing 
gas being raised during the pourring Operation tO 
maintain it; above the rising level of the poured 
metal. In order to prevent explosions which 
might otherwise occur, the reducing gas is lighted 
upon being placed in the mold, and the flame 
continues in the mold until the oxygen has been 
consumed. Thereafter, the burning takes place 
at the point, at which the gas escapes from the 
mold. The casing or molten metal haS a temper 
ature which is substantially above its fusion tem 
perature and also above the fusion temperature of 
the base metal of the insert. Moreower, the tem 
perature of the moltern metall bears Such relation 
to the temperature of the preheated base metal 

* that when the molten metal is brought into con 
tact with the Surface of the base metal, it causeS 
a, diffusion of the two metals at the S±¢rface of 
the base metal insert. As this takes place in the 
presence of the reducing gas or in 83, reducing 
atmosphere, atomic contact between the moltera 
metal and the base metal is established, thuS 
making possible the diffusion of the two metalS, 
One into another. 
Considering further the illustrated apparatuS 

by which this method may be performed, the heat 
ing coil structure 6 is carried by a, Supporting 

lo?e' pairs of 
arms T and , respectively, which in turn are 
carried by and extend outward from a SuppOrting 
yoke 9. The · supporting yoke is rotatably and 
slidably mounted upon the vertical rod or Shaft [0 
which, in turn, is fixedly supported by transwerSe 
channel members f . The channel members are 
secured to the upright angle SupportS fl2.. 

At its upper end, the supporting yoke 9 is prO 
`vided with extended.ears l3 which pivotally carry 
therebetween an eccentric can nember fl4 having 
an extending operating handle l5. The cam 
member engages the upper end of the rod or Shaft 
[10 as clearly illustrated in Fig. 2. It will now be 
apparent; that by turning the cam member by ac 
tuating the handle [5, the coil-supporting Struc 
ture may be raised relative to the mold and when 
thus raised, this structure may be rotated to mowe 
the heating coil away from the mold opening 2, 
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it being remembered that the yoke 9 is rotatably 
mounted upon the Shaft or rod 0. When the 
coil-Supporting structure is' in operative position, 
however, the coil is disposed above the opéning 2, 
as iIllustrated in Fig. 2, and in order to inSure 
proper positioning of the coil relative to the mold 
opening, there may be prowided complementary 
pinS and recesses in the coil Support and the uppet' 
wall of the rnold as shown at [6, whereby the coil 
structure may be maintained in proper position. 
To Support; the insert; or body 3 within the heat 

ing coil during the preheating operation aboWe 
mentioned, there are provided supporting rodS 
[T, whose lower ends are adapted to engage up 
wardly-extending pins i8 provided at the top of 
the insert or body 3. These Supporting rods are * 
of such nature that they will hold the insert 0r' 
body securely during the preheating operation but 
may be readily released from the pins l8 after 
the insert or body has been lowered to the posi 
tion shown in dot-and-dasha line in Fig. 2. To 
insure the proper position of the 'insert or body 
within the mold, the mold may be provided with 
the recesses {9 which are adapted to receive pinS 
20 provided at the bottom of the insert. 
In many instances, the insert or body 3 will be 

disposed at or near the surface of the completed 
composite metal body and to this end, the insert 
will be positioned relative to the side walls of the 
mold as illustrated in Fig. 4, there being prowided 
on the insert projections 2, serwing to maintain 
the insert in proper Spaced relation with respect 
to the wal1 of the mold. This insures that the 
molten metal, when it is poured into the mold, Will 
contact the desired surfaces of the insert, par= 
ticularly at the corners of the insert nearest the 
nold’ wall. This is very important; because in 
practice, it is found that the molten metal chills 
more rapidly along the wall of the mold nearest 
the insert and it is important, therefore, that 
intimate contact of the rnolten metal with the 
insert be insured at that point. 
In Fig. 6, there is illustrated a nodified form of 

the insert or base metal body 3at to inSure ade 
quate bonding' or welding of the metals at the 
points above mentioned. In this figure, the 
composite metal structure is shown after com 
pletion, the cast metal being illustrated at 22 and 
having the contour or shape of the interior of the 
mold. The diffusion of the metals is clearly illuS 
trated. It will be noted that at the edges of the 
insert above mentioned, there are provided rela 
tively thin fins ?? 23 which may be formed by cut 
ting the grooves 24 and then bending the fins to 
the position illustrated. This fin structure at the 
points where the molten or cast metal is prone 
to chill quickly insures diffusion of the metals 
and an adequate bond, thereby eliminating any 
possibility of a poor bond or weld due to excessive 
ly rapid chilling of the molten metal. It will be 
understood that any other desired modificatlora 
of the insert may be employed to effect the de 
Sired purpose. 

If desired, the insert or base metal body may be 
preheated in a maraner to provide a termperature 
gfradlent therealong to compensate for the non 
uniformity of temperature of the interior of the 
mold and of the insert during pouring of the 
molten metal. “IDuring the pouring operation, the 
bottom of the mold naturally chills more quickly 
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and the non-unifornity of cooling is aggrawated ? 
by the fact, that thestream of moliternmeta11flowing 
into the mold heats the upper part of the rnold, as 
Well as the upper part of the insert, by radiation. 
'There is also heat conduction from the botton of 75 
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structure for said unit-Supporting means mount 
ed for rotary mowement laterally of Said open 
ing, means for introducing a reducing gas into 
the mold, and means for Supporting a base metal 
body in cooperative relation with said unit, and 
for lowering the heated body irato the mold, 
whereby the said body may be preheated to an 
elewated temperature below its fusion termpera,- 
ture, and a molten metal may be poured through 
Said Opening into the mold in contact with the 
heated body in the presence of the reducing gas, 
to effect; diffusion of the metals into each other. 

5. Apparatus for" forming •a composite metal 
lic Structure, comprising a mold hawing an open 
ing at the top thereof, a heating unit, rotary 
Supporting means for said unit; for mowing the 
unit into and out of cooperative relation with 
Said opening, whereby said unit may be posi 
tioned abowe said opening at will, means for in 
troducing a · reducing gas into the mold, and 
meanS for supporting a, base metal body in co 
operative relation with said unit, and for lower 
ing the heated body into the mold, whereby the 
Said body may be preheated to an elewated tern 
perature below its fusion temperature, and a 
moltern metal may be poured through said open 
ing into the mold in contact with the heated 
body in the presence of the reducing gas, to effect; 
diffusion of the metals' into each other. 

6. ApparatuS for forming a composite metallic 
structure, comprising a mold having ara open 
ing at the top thereof, a heating unit, a, vertical 
Supporting member, Supporting means for said 
unit, rotatably and slidably mounted upon said 
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member, whereby said unit may be positioned 
directly abowe Said opening at will, means for 
introducing a, reducing gas into the mold, and 
means for Supporting a, base metal body in c0-- 
operative relation with said unit, and for lower 
ing the heated body into the mold, whereby the 
said body may be preheated to an elevated term 
perature below its fusion temperature, and a, 
molten metal may be poured through Said open 
ing into the mold in contact with the heated 
body in the presence of the reducing gas, to 
effect, diffusion of the metals into each other. 

'. Apparatus for forming a composite metall 
lic structure, comprising a mold hawing an open 
ing at the top thereof, a heating unit, a wertical 
Supporting member, supporting means for said 
unit, rotatably and slidably mounted upon said 
member, Whereby said unit; may be positioned 
directly aboWe Said opening at will, cooperative 
meanS on Said unit-Supporting means and the 
top of said mold interlockable upon the said po 
Sitioning of Said unit to maintain said unit in 
proper position, means for iratroducing a reduc-- 
ing gaS into the mold, and means for supporting 
a, base metal body in cooperative relation with 
Said unit, and for lowering the heated body into 
the mold, whereby the said body may be pre 
|heated to" an elewated temperature below its 
fuSion temperature, and a molten metal may 
be poured through said opening into the mold 
in contact with the heated body in the presence 
of the reducing g?s, to effect, diffusion of the 
metals into each other, ~ 
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