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The present invention relates to the manufac 
ture of metallic pressure vessels, which in use 
have a tube connected thereto by expanding one 
end of the tube into a tube seat formed in the 
pressure vessel. 

In forming fluid passages by expanding tube 
ends into tube seats formed in metallic pressure 
vessels, it has been found that the portion of 
the pressure vessel Surrounding the tube seat may 
also be enlarged to some extent during the tube 
expanding operation, even though that portion 
of the pressure vessel be made of substantial 
thickness. The amount of deformation will de 
pend primarily upon the yield point of the metal 
forming the tube seat. Any enlargement of the 
tube seat during the tube expanding operation is 
disadvantageous, and particularly so where pe 
riodic replacement of such tubes is contemplated; 
as an increased amount of expansion and there 
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by thinning of the end of the replacement tube. 
will then be required to insure a fluid tight joint. 
Where the pressure vessel is to be subjected to 
the effect of a corrosive fluid at high tempera 
tures and pressures, such as a return bend in an 
oil heater, it has been found desirable to use 
alloy steels for the pressure vessel because of 
their higher resistance to corrosion and great 
strength at high temperatures. Chrone nickel 
austenitic steels have been found especially Suit 
able from a corrosion resistant standpoint. Such 
alloy steels however have a relatively low yield 
point and are therefore easily deformable. For 
example, an alloy steel casting having 18% chro 
mium, 8% nickel, and .12% max. carbon will have 
a yield point of approximately 25,000 lbs. per 
sq. in. This yield point value is comparatively 
low when considered with respect to alloys of 
lower chromium and nickel content or carbon 
steels. 

It has been found that the corrosion resistance 
property of the metal forming a tube end is 
considerably lessened when the tube is subjected 
to excessive cold working, such as would occur in 
expanding a tube into a tube seat of a pressure 
vessel formed of metal having a low yield point. 
It is believed that this change in the corrodibil 
ity of the tube end is due to overstressing of the 
metal during the cold working operation by 
which changes are made in the grain structure of 
the metal. Corrosion of the tube ends will result 
in rapid leakage at the tube joints, with the con 
sequent liability to dangerous fires or explosions. 
The general object of my invention is the pro 

vision of an improved pressure vessel of the char 
acter described and a method of manufacturing 

(C. 29-157.5) 
the same. More specifically, the object of my 
invention is an improved method of forming a 
tube seat in a pressure vessel adapted to be ex 
posed in operation to the deteriorating effects of 
a corrosive fluid. 
The various features of novelty which charac 

terize my invention are pointed out with particu 
larity in the claims annexed to and forming a part 
of this specification. For a better understanding 
of the invention, reference should be had to the 
accompanying drawing and descriptive matter in 
which I have illustrated and described one form 
of pressure vessel in the manufacture of which 
my invention may advantageously be followed. 
Of the drawing: 
Fig. 1 is a somewhat diagrammatic Sectional 

elevation of a pressure vessel having a tube end 
expanded therein; 

Fig. 2 is a partial view of the pressure vessel 
shown in Fig. 1 at an intermediate stage of 
manufacture; and 

Fig. 3 is a view similar to Fig. 2 illustrating a 
Subsequent stage. 
My invention is illustrated in the drawing as 

embodied in the manufacture of a return bend 
formed from a casting of alloy steel of the com 
positions described. The return bend is cast in 
a well known form having an internal U-shaped 
passage 10, the parallel legs of which terminate 
in tube seats and 2, into each of which One 
end of a tube 3 is adapted to be expanded to 
provide a fluid tight joint between each tube and 
the return bend. The portion of the return bend 
in alignment with each tube seat is formed with 
a hand hole opening 4 to permit the insertion 
of a tube expanding tool or tube cleaning device, 
and normally closed in operation by a closure 
member (not shown). 

In accordance with my invention, the steps 
employed in making the return bend tube seats 

and 2 will include one or more cold working 
operations by which the yield point of the metal 
forming the tube seats will be substantially in 
creased, thereby minimizing the amount of de 
formation of the tube end and tube seat in 
subsequently expanding the tube therein. The 
return bend is first cast with its tube seat open 
ings considerably under-size. Each tube seat 
opening is then machined to a diameter some 
what less than its desired final diameter, result 
ing in the form shown in Fig. 2. The return 
bend is then securely clamped in position and 
each tube seat portion cold rolled with an ex 
panding tool 5 of a well known type, as shown in 
Fig. 3. The expanding operation is preferably 
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carefully regulated so that the line of demarca 
tion between the worked and unworked portions 
of the header will not be sharply defined. For 
this reason, the outer end portion of each tube 
seat is rolled to a greater degree than the re 
maining portion. The cold rolling operation is 
continued until the diameter of the opening is 
only slightly less than the desired final tube 
seat diameter. During the cold rolling opera 
tion, the yield point of the metal Surrounding 
each tube seat opening will be substantially in 
creased, and will thus offer increased resistance 
to further deformation. Each tube Seat Open 
ing is then machined to the desired final form 
shown in Fig. 1. The Brinell hardness of the 
metal treated will vary with changes in the 
yield point and will thus be a measure thereof. 
As a further illustration of the operations de 

scribed heretofore, I have formed a tube seat for 
a 4 in. O. D. tube in a return bend of the char 
acter described by machining the openings in the 
casting to 3% in, diameter. The Opening was 
then expanded to approximately 3 in. diameter 
by a cold rolling operation, as shown in Fig. 3. 
The tube seat opening was then machined to the 
desired final diameter of 464 in. and form 
shown in Fig, 1. The Brinell hardness of the 
cast metal was originally 140, and after the de 
scribed series of operations, tests showed that the 
hardness of the metal forming the tube seat had 
been increased at the point a (%in.from the seat) 
to 184, at the point b (4 in. from the seat) to 
179, at the point c (5% in. from the seat) to 149, 
while at the point d (1 in. from the seat) no in 
crease was noted. . Axially of the tube Seat, the 
hardness at the first land e (4 in. from the end) 
Was increased to 241 and at the second land f 
(1A in. from the end) to 202. 
With the tube seats formed as heretofore de 

scribed, each tube 3 may be connected to the 
header in the usual way by inserting a tube ex 
panding tool through the corresponding Open 
ing 4 and expanding the end of the tube until 
a tight joint is attained. Substantially no de 
formation of the return bend Will occur during 
the tube expanding operation, and therefore a 
minimum expansion of the tube ends. The tube 
may be subsequently replaced with little, if any, 
increase in the amount of expanding required 
to form a tight joint. The increase in hardness 
of the metal Will thus be confined to the return 
bend portions immediately surrounding the tube 
Seats, whereby the corrodibility of the metal in 
the remaining portion of the return bend, which 
will be directly exposed to the corrosive fluid in 
operation, will not be affected. - - 
While in accordance with the provisions of the 

statutes I have illustrated and described herein 
the best embodiment of my invention now known 
to me, those skilled in the art will understand 
that changes may be made in the process of 
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manufacture disclosed without departing from 
the spirit of the invention covered by my claims. 
I claim: 
1. The method of forming a tube seat in a 

pressure vessel formed of metal having a relative 
ly low yield, point which comprises casting the 
pressure vessel with a tube seat of less diameter 
than the desired final diameter, then cold rolling 
the tube seat to increase its diameter and the 
hardness of the locally surrounding metal but 
without changing its form or exceeding the de 

75 

sired final diameter, and then machining the tube 
seat to the desired final form and diameter. 

2. The method of forming a tube seat in a 
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pressure vessel formed of a temperature and COr 
rosion resistant alloy steel having a relatively 
low yield point and adapted to receive in Opera 
tion a fluid having a corrosive action proportional 
to the hardness of the exposed metal surface 
which comprises casting the pressure vessel with 
a tube seat of less diameter than the desired 
final diameter, then cold rolling the tube seat 
to increase its diameter and the hardness of the 
locally surrounding metal but without changing 
its form or exceeding the desired final diameter, 
and then machining the tube seat to the desired 
final form and diameter. 

3. The method of forming a tube Seat in a 
pressure vessel formed of a temperature and 
corrosive resistant alloy steel having a relatively 
low yield point and adapted to receive in opera 
tion a fluid having a corrosive action proportional 
to the hardness of the exposed metal Surface 
which comprises casting the pressure vessel with 
a tube seat of less diameter than the desired final 
diameter, then machining the tube seat without 
exceeding the desired final diameter, then cold 
rolling the tube seat to increase its diameter and 
the hardness of the locally surrounding metal but 
without changing its form or exceeding the de 
sired final diameter, and then machining the tube 
seat to the desired final form and diameter. 

4. The method of connecting a tube into a 
return bend formed of a temperature and cor 
rosive resistant alloy steel having a relatively 
low yield point and adapted for the passage 
therethrough in operation of a fluid having a 
corrosive action proportional to the cold working 
of the exposed metal surface which comprises 
forming a tube seat in the return bend of less 
diameter than its desired final diameter, then 
machining the tube seat to increase its diameter 
without exceeding its desired final diameter, then 
cold rolling the tube seat to increase its diameter 
and the hardness of the locally surrounding metal 
but without changing its form or exceeding its 
desired final diameter, then machining, the tube 
seat to its desired final form and diameter, and 
expanding one end of the tube into the tube seat 
so formed with substantially no deformation of 
the return bend and a minimum expansion of the 
tube end. 

5. The method of connecting a tube into a 
return bend formed of a temperature and cor 
rosive resistant alloy steel having a relatively 
low yield point and adapted for the passage there 
through in operation of a fluid having a corrosive 
action proportional to the cold working of the 
exposed metal surface which comprises forming 
a tube seat in the return bend of less diameter 
than its desired final diameter, then machining 
the tube seat to increase its diameter without 
exceeding its desired final diameter, then cold 
rolling the tube seat to increase its diameter and 
progressively increase the hardness of the locally 
surrounding metal toward its outer end but with 
out changing its form or exceeding its desired 
final diameter, then machining the tube seat to its 
desired final form and diameter, and expanding 
one end of the tube into the tube seat so formed 
with substantially no deformation of the return 
bend and a minimum expansion of the tube end. 

6. The method of connecting a tube into a 
pressure vessel formed of a temperature and 
corrosive resistant alloy steel having a relatively 
low yield point and adapted for the passage 
therethrough in operation of a fluid having a 
corrosive action proportional to the cold working 
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of the exposed metal surface which comprises 75 
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forming a tube seat in the pressure vessel of less 
diameter than its desired final diameter, subse 
quently cold rolling the tube seat to increase its 
diameter and progressively increase the hard 
ness of the locally surrounding metal toward its 
outer end but without changing its form or ex 
ceeding its desired final diameter, then machin 

ing the tube seat to its desired final form and 
diameter, and expanding one end of the tube into 
the tube seat so formed with substantially no 
deformation of the pressure vessel and a mini 
mum expansion of the tube end. 

ALEXANDER. R. MICALLISTER. 


