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This invention relates to the Welding of stain 
less steel for the purpose of producing a joint 
between a body of such steel and a body of ferrous 
metal of different composition. 
Chromium nickel alloy steels of the austenitic 

type have certain desirable characteristics such 
as capacity to resist corrosion and fatigue and 
the preservation of other important physical 
properties under extreme ranges of temperature. 

0 These steels are classed by their relative propor 
tions of chromium and nickel which are present 
in varying amounts, an 18-8 steel representing 
One containing 18% of chromium and 8% nickel. 
A variety of such steels are in commercial use, 

15 such as 16-12, 25-12, 25-20, as well as others, 
differing more or less in respect to stiffness, duc 
tility and other properties. 

It is well known that resistance to corrosion in 
such steels is affected by the proportion of carbon 

20 present, a stainless steel of relatively low carbon 
content having a greater capacity to resist cor 
rosion than one of relatively high carbon content. 
For best resistance to corrosion, the proportions of 
carbon in such steel should be not greater, and 

25 should be preferably less, than 0.10%. 
The characteristic properties of stainless steel 

render its use highly desirable for many purposes, 
and particularly the use of a low carbon stainless 
steel where corrosive influences are to be met. 

So Certain difficulties are encountered, however, in 
many cases where stainless steel is required to be 
joined by welding to a body of ferrous metal of 
different composition, as where the carbon con 
tent of the latter is greater than that of the low 

35 carbon stainless steel or where its mass is rela 
tively greater than that of the stainless steel. 
One such instance is illustrated by the use of 

stainless steel to form the corrugated metal ele 
ment or shell of an expansion joing designed to be 
used for relatively heavy duty in a pipe line, 
where the expansion and contraction of the latter 
in the direction of its axial length are to be 
equalized by the contraction and expansion, 
respectively, of the corrugated shell. The charac 

ster of stainless steel, particularly its corrosion re 
sistance, as well as preservation of other useful 
properties under extreme temperatures, its duc 
tility and resistance to fatigue, enders this metal 
when having a low carbon content particularly 

50 useful for such purpose. In the assemblage of an expansion joint, after 
the she has been worked and formed into a 
shape to present the required corrugated forma 
tion and then heat treated to restore its ductility, 

55 it is necessary that it be joined to a pipe member 

(C. 113-12) 
of the pipe line to provide a fluid tight joint. 
Such pipe member may be a flanged ring to be 
bolted to a similar flange of an adjoining pipe 
section, or, in the case of a welded pipeline, may 
be a pipe nipple which in turn is welded to such 
adjoining pipe section. 
- In the case of corrugated shell of cuprous metal, 
the attachment of the shell to a tightly fitting 
ring flange has been effected by bending or swag 
ing the protruding end of the shell over that face 
of the flange which is to be bolted to the ad 
joining pipe flange, leaving the bent over end 
clamped between the two flanges. In the case of 
a Welded pipe line, shells of cuprous metal have 
been attached to the pipe nipple by brazing. 

If it is attempted to apply a stainless steel shell 
to the flange ring, as previously done in the case 
of shells of cuprous metal, by bending the end of 
the shell over the face of the flange, an annealing 
heat treatment must thereafter be applied to the 
end of the shell and the flange as a unit to re 
store the ductility of the shell end and remove 
the brittleness arising from the Swaging opera 
tion. Due to different conditions encountered in 
the effective heat treatment of stainless steel and 
the metal of the flange, it is impracticable to 
effect such heat treatment without impairing the 
properties either of the stainless steel through 
carbon precipitation or impairing the structure of 
the flange, or both. Such heat treatment of the 
shell and flange as a unit, furthermore, if at 
tempted, is difficult and costly. The brazing of 
a stainless steel shell to the pipe nipple is also 
impracticable, due to its detrimental effect on 
the metal of the stainless steel and due to the in 
capacity of the brazed joint to withstand those ab 
normally high temperatures which it may be 
called on to meet in service, and the capacity to 
meet which is one object of the use of stainless 
steel in a joint of this description. 
A welded attachment of the stainless steel to 

the pipe rember to provide a fluid tight joint is 
highly desirable. If it be attempted, however, to 
Weld a shell of stainless steel directly to the metal 
of, the flange or pipe nipple, the characteristics of 
the stainless steel are materially changed at and 
about the joint so that a substantial loss in its 
desirable properties results. 
The flanges and pipe nipples customarily em 

ployed for this purpose are composed of mild steel 
having a carbon content which, though not high, 
is substantially higher than that of the low car 
bon stainless steel used for resistance to corrosion, 
being ordinarily of the order of from 0.25 to 0.35% 
or more of carbon, as contrasted with a carbon 
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content of 0.10% or less in the stainless steel which 
is required for this purpose. 
An attempt to attach a stainless steel sleeve 

directly to the metal of a pipe member by welding 
requires the fusing of the metal of the two bodies 
at and along their contacting Surfaces. This not 
only tends to effect a dilution of the chronium 
and nickel Content of the stainless steel by the 
iron from the flange or nipple, but also a migra 
tion of the carbon from the fused higher carbon 
steel to the fused lower carbon metal of the stain 
less steel, increasing the carbon content of the 
latter in the section thereof at and about the 
joint and along its grain boundaries and cor. 
respondingly reducing its resistance to corrosion 
thereat. The effect of such carbon migration, 
which is due primarily to the greater carbon con 
tent of the flange or pipe nipple, is further in 
creased by the fact that a relatively small mass 
of low carbon stainless steel is presented to the 
weld by the thin sheet metal shelli, as contrasted 
to the relatively large mass of higher carbor. 
steel constituting the flange or pipe nipple to 
which the shell is being welded. 

Furthermore, stainless steel is rendered guite 
susceptible to corrosion when it, is in a stressed 
condition. When two pieces of metai are joined 
by Welding, internal stresses are set up e: ch 
piece. In many instances these may be removed. 
by stress-relieving heat treatment, but, where 
stainless steel is welded to carbon steel of tie type 
composing pipe flanges or pipe nipples, these 
stresses cannot be eliminated by heat treatment, 
since the coefficient of thermal expansion of stain 
less steel is approximately 60% greater than that 
of the carbon steel of which the pipe members are 
Composed. If the stress be relieved in the stain 
less steel at the temperature at which the assem 
bly is annealed, the differential contraction of the 
two grades of steel when cooled sets up additional 
stresses which are concentrated largely in the 
stainless element due to the large difference in the 
cross-section between that element and the pipe 
member. This leaves the stainless steel eiement 
at the joint extremely susceptible to stress cor 
rosion. . 
One object of the present invention is to effect 

a welding attachment of stainless steel to E. body 
of metal of different composition so as to retain 
in large measure the normal properties of the 
titless steel at and about the resulting welded 
oint. 
Another object of the invention is to effect a 

welding attachment of a body of stainless steel to 
a body of steel of greater carbon content so as 
to avoid such migration of carbon from the latter 
to the former as will materially lessen the capacity 
of the stainless steel to resist corrosion at the 
welded joint which is subject to corrosive in 
fluence. 
Another object of the invention is to effect a 

welding of a body of stainless steel, and particu 
larly one in relatively thin sheet form, to a body 
of steel having a different coefficient of thermal 
expansion, such that the stainless steel at its 
welded joint is largely free from the stress corro 
sion which is characteristic of a direct weld. 
Another object of the invention is to effect an 

indirect welding attachment of a body of stainless 
steel to a body of steel of different composition 
by the use of an intermediate body of stainless 
steel welded to the second named body and sepa 
rately welded to the body of stainless steel. 

s These and other objects of the invention will be 
best understood by reference to the following de 
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scription when taken in connection with the ac 
companying illustration of one specific applica 
tion thereof, while its Scope will be more particu 
larly pointed out in the appended claim.S. 
In the drawings: 
Fig. 1 is a longitudinal sectional elevation, show 

ing the Corrugated element of a typical expansion 
joint, the usual external reinforcing rings and the 
end rings being omitted, and illustrating the 
means adopted for attaching a shell of StainleSS 
Steel to a flanged pipe member; 

Fig. 2 is a detail, on an enlarged scale, showing 
the parts in Fig. , whici constitute the welded 
attachment Of the stainless steel corrugated shell 
to the end fange of the joint; 

Fig. 3 is a longitudinai, sectional elevation of 
an expansion joint, in whicia a 20rrugated stain 
leSS Steel shell is connected to a pipe nipple for 
attachment to a weldedi pipe line; and 

Fig. 4 is a detail, on an enlarged scale, of the 2 
parts in Fig. 3 Winica constitute the welded attach 
net; there utilized. 

Refering to the drawings, there is shown as an 
illustration of Crae application of the invention, an 
9xpansion joint designed for heavy duty in a pipe 
irae, Fig. 3 illustrating Sucia a joint intended to be 
clanaged it position, in the pige li13, and Fig. 3 a. 
signia, joint Sect2'ed to a pige Sipple int, ed to 
be welded to the pipe line. 

Referring to Fig. 3, the e:gansion joint element, 
comprises a to Elia, shei O3 cond it, 3 formed of 
sheet (netal, herein. stainless steel, which may 
contain, by W&y of e:27:le, i.8% circaim and 
8% nickel, but a a lovi percentag: if carhol 
content such, for example, as 0.07%. The thic 
ness of the sheet metal walls of the tubular men 
ber will depend on the size of tine joint, and the 
service to which it is to be subjected, bit a thick 
aess of the order of iron as to is of ain inch may 
he given as an example. 

The tubular Energer is provided with one or 
more relatively deep corrigations or circumfer 
ential enlargements 3, the nuisaber of which and 
the diameter of the shell depend on the service 
to which the joint is to be applied, the whole 
forming a continuous corrugated shell which may 
be interposed as an element in a pipe line to 
equalize the repeated expansions and contractions 
thereof encountered during Service. 
The opposite ends of the shell terminate each 

in a tubular end. 5, between which and some 
member of the pipe line it becomes necessary to 
provide a fluid tight joint, the pipe member here 
in comprising the ring flange acia i 
expansion joint is designed to be canged to a 
similar abutting: flange 9 on ara-adjoining pipe 
section. 

In service, the expansion joint, illustrated in 
Fig. 1 is provided with the usual reinforcing 
rings (such as shown in Fig. 3 but here omitted 
for simplicity) designed to limit the contraction 
of the shell and to equalize flexing at the several 
corrugations. 
In this expansion joint, a fluid tight, welded 

joint is provided between each opposite tubular 
end 5 of the sleeve and the adjacent flange 
f7 which fits tightly over the sleeve. Such 
welded joint in the illustrated embodiment of 
the invention is formed in the following manner, 
as will be seen more clearly in Fig. 2. 
The flange 7 is prepared by forming an an 

nular recess 2 on the inner periphery of that 
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will overlie the end of the tubular sleeve is when 
two parts are subsequently assembled. 
A weld is then made between the inner walls 

of the recess 21 and an inlay or body 23 of 
stainless steel of relatively low carbon content, 
such as 0.07%, such that the inlay partly but 
not wholly fills the recess. The chromium-nickel 
content of the inlay 23 may be widely varied, 
but a 25-20 steel has been found preferable due 
to its ductility. This welding may be accom 
plished by depositing as the inlay a ring-like 
bead of fused metal from a welding rod con 
posed of metal of the description indicated, this 
being done with the aid of an electric arc or 
other means commonly employed for this pur 
pose. The inlay may be completed by a single 
bead and a single welding, but preferably con 
prises the initial bead 23 and a second metallic 
bead 25 of the same composition, the bead 25 
being deposited on the bead 23 after the latter has 
been allowed to cool. 
In the welding, a certain percentage of carbon 

will be taken up by the section of the first inlay 
adjacent its contacting walls from the higher 
carbon steel of the flange metal, while only a 
very slight increment in carbon, if any, is possible 
in the second bead for it can absorb Only from 
the first bead and not from the flange metal 
direct, and only from the section of the first bead 
which is remote from the flange metal. 
The result is that when the welding inlay is 

cooled, there is left a body of stainless steel 
welded into and over exposed Walls of the recess 
but leaving unfilled a part of such recess near 
the flange face. Whether this inlay is formed 
from a single bead or tWO beads of stainless 
steel, that section of the inlay presented to the 
unfilled section of the recess is substantially free 
from carbon in excess of its normal original 
content. After the inlay or inlays constituting the body 
of interposed stainless steel have cooled, the ring 
flange is fitted over the tubular end of the shell 
and, to complete the assembly, a third Or sealing 
bead 27 is then deposited-in such a manner as 
to weld the end of the shell to the completed in 
lay, and in some such relation as is indicated in 
Figs. 1 and 2. 
The extreme tip of the tubular sleeve, after 

the flange has been fitted thereon, may be given 
a slight outward flare at 29, as indicated in 
Fig. 2, to present its end section more favorably 
to the welding bead 27, or it may be left without 
such flare. As a result of this welding Operation, the 
stainless steel at or about the fluid tight joint 
between the sealing bead 27 and the end sec 
tion of the tubular sleeve preserves its original 
low carbon content and at least its original con 
tent of chromium or nickel, and the joint bene 
fits from the full capacity of the steel in respect 
to its original properties, and particularly in 
respect to its resistance to corrosion which may 
arise from the effect of the fluid transmitted in 
the pipeline. - 
The same principle is made use of in the 

case of a welded pipe line, an expansion joint 
for which is illustrated in Figs. 3 and 4. In this 
case each opposite tubular end 5 of a corru 
gated stainless steel shell is attached by Weld 
ing to a pipe nipple 3. The tightly fitting end 
ring 33 is then assembled Over the end of the 
sleeve and held against longitudinal displacement 
by any suitable means such, for example, as an 
abutting steel ring 35 fitted over the nipple and 

3. 
welded to the nipple by a bead of welding 
metal S. t 
In the joint illustrated in Fig. 3, the external 

reinforcement is shown assembled. This com 
prises the end rings 33 and intermediate rein 
forcing rings 39, one of which seats in each 
groove Or depression between adjacent corruga 
tions, the several rings being axially separable 
and independently movable with the expansion 
and contraction of the shell. The opposing 
peripheral edges of the several adjacent rings 
33 and 39 are adapted to abut against each other 
and limit the contracting movement of the shell 
as well as equalize the flexing in the several cor 
rugations. Each ring is formed in two halves, 
bolted together and applied to the sleeve after 
the latter has been shaped into corrugated form 
and heat treated to restore is ductility. 
To effect the welded attachment of the sleeve 

to the pipe nipple, the latter has formed therein 
an elliptical shaped circumferential groove 4. 
This groove is then filled by welding with a 
suitable low carbon stainless steel alloy-25-20 
for example, forming a ring-like inlay 43. The 
end of the nipple which is to be inserted within 
the tubular end of the shell is then machined 
to a dimension suitable for such assembly, the 
machining being continued from the end to be 
inserted to a point which is approximately at 
the center of the welded inlay. 
The machined end of the nipple is then in 

serted into the tubular end 5 of the corrugated 
element so that the end of the latter is made 
to abut against the shoulder formed in the stain 
less steel inlay by the aforementioned machining 
operation and as indicated in Fig. 4. ; , 
The inlay ring 43 is preferably of such shape, 

size and substantial depth as to prevent the inlay 
from being distorted through the expansion of the 
pipe nipple and to present a body of stainless steel 
of relatively greater, thickness than that of the 
walls of the stainless steel sleeve. With the sleeve 
and nipple thus assembled, the tip of the stain 
less steel is then welded to the stainless steel in 
lay by the application of a sealing welding bead 
45, also of low carbon stainless steel, applied to 
the joint between the sleeve and the inlay. To 
permit the subsequent assemblage of the end ring 
35, the latter has an annular recess 47 formed on 
the inner periphery of its face to receive the bead 
45. 
The interposition of the inlay of stainless steel 

welded to the pipe member, whether the flange 
9 or the pipe nipple 3, effectually prevents the 
transfer at the welded joint of any substantial 
amount of carbon from the higher carbon metal 
of that member to the stainless steel of the 
sleeve, and similarly prevents the dilution of the 
chromium-nickel content of the sleeve metal from 
the iron of the pipe member, both of which con 
ditions in some measure may take place at the 
Welded joint between the inlay metal and the 
pipe member. This leaves the composition of the 
stainless steel sleeve at its welded joint in sub 
stantially its original state in respect to its low 
carbon content and with at least its original con 
tent of chromium and nickel, and with its original 
desirable characteristics at the joint unaltered 
both with respect to corrosion resistance and 
otherwise. 
While the inlay 43 (Figs. 3 and 4) and the in 

lays 2 and 23 (Figs. 1 and 2) preferably have a 
thickness substantially greater than that of the 
walls of the sleeve, it has been found that a rela 
tively small interposed body of the stainless steel 
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4. 
will serve to prevent any appreciable alteration 
in the composition of the metal at the welded joint 
of the sleeve. 
A further additional advantage arising from the 

welding of an intermediate body of metal of the 
same composition as that of the sleeve is due to 
the elimination of causes of stress corrosion in 
the metal of the sleeve. As previously explained, 
the welding of a stainless steel sleeve directly to 
the metal of the pipe flange or pipe nipple sets 
up stresses in both bodies which cannot be re 
moved by heat treatment owing to the greater co 
eficient of thermal expansion of the stainless steel 
and these stresses are concentrated to a greater 
degree in the stainless element due to its lesser 

aSS, 
In the Welding of the interposed inlay in the 

case of either the inlay 43 or 2, the maximum 
internal stress is concentrated either within the 
inlay or within the steel of the pipe member ad 
jacent the inlay. But when the stainless steel 
sleeve is welded to the inlay, due to the fact that 
two bodies of equal thermal expansion coefficients 
are being welded together, the Weld stresses are 
minimized, and so far as the sleeve is concerned 
may be eliminated by heat treatment, thereby 
removing the danger of stress corrosion at the 
welded joint of the sleeve. 
Various compositions of ferrous metal may be 

employed for the pipe members, for the stainless 
steel of the corrugated shell and for the inter 
mediate welded body of metal, the particular com 
positions hereinbefore specified being submitted 
as illustrative, and not in a limiting sense. 
While the method of effecting the described form 

of attachment and the structural features of the 
latter have been described in detail in connection 
with the illustrative embodiment of the invention, 
it is to be understood that a wide range of dif 
ferent applications of the invention may be made 
and extensive deviations may be made from the 
described steps of procedure and from the form, 
details and relative arrangement of parts, all with 
out departing from the spirit of the invention. 

I claim: 
1. The method of attaching a body of stainless 

steel of relatively low carbon content to a body of 
ferrous metal of relatively high carbon content 
to provide a welded joint at which the original 
characteristics of the stainless steel should be pre 
served, which consists in forming a recess in said 
body of ferrous metal, depositing in said recess a 
layer of fused weld metal of stainless steel also of 
low carbon content, and applying to said layer 
when hardened and to the metal of the stainless 
steel a further body of fused metal of stainless 
steel also of low carbon content. 

2. The method of attaching a body of stainless 
steel to a body of ferrous metal of different corn 
position to provide a welded joint at which the 
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original characteristics of the stainless steel 
should be preserved, which consists in depositing 
On the metal of said ferrous body a layer of fused 
weld metal of stainless steel, allowing the layer to 
harden, and separately welding said layer to the 
metal of said stainless steel. 

3. The method of attaching a body of stainless 
steel of relatively low carbon content to a body 
of ferrous metal of substantially higher carbon 
content to provide a corrosion resistant joint, 
which consists in depositing by welding on said 
ferrous metal a third body of stainless steel, also 
of relatively low carbon content, and separately 
welding said third body to the metal of said stain 
less steel. 

4. A fabricated structure comprising an ele 
ment of austenitic stainless steel having a low 
carbon content not exceeding 0.10% and a ferrous 
element of different composition and relatively 
higher carbon content, said ferrous element hav 
ing a recess therein, a layer of austenitic stainless 
steel also of low carbon content in said recess 
welded to the metal of the ferrous element, and a 
Welding attachment between said layer and the 
metal of said stainless steel element. 

5. A fabricated structure comprising an ele 
ment of stainless steel, having a relatively low 
carbon content and having a welded attachment 
to a ferrous element of different composition and 
relatively high carbon content to provide a welded 
joint at which the original characteristics of the 
stainless steel should be preserved, said attach 
ment comprising a body of stainless steel also of 
relatively low carbon content, one section of said 
body being welded to said metallic element and 
another being separately welded to said element 
of stainless steel. 

6. A fabricated structure comprising an element 
of stainless steel, having a welded attachment to a 
metallic element of different composition and 
having a different coefficient of thermal expan 
sion to provide a welded joint resistant to stress 
corrosion, said attachment comprising a body of 
stainless steel, one section of said body being 
welded to the metal of said metallic element and 
another section being separately welded to the 
metal of said element of stainless steel. 

d. A fabricated structure comprising an element 
of stainless steel, having a welded attachment to a 
metallic element of different composition to pro 
vide a welded joint at which the original char 
acteristics of the stainless steel should be pre 
served, said attachment comprising a body of 
stainless steel, One section of said body being. de 
posited by welding on the metal of said metallic 
element and another section thereof being sepa 
rately welded to the metal of said element of 
stainless steel. 
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