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8 Claims. 

This invention relates to headers or return 
bends for interconnecting the adjacent ends of 
two or more parallel tubes and is a division of 
application Serial No. 655,719 filed February 8, 
933. 
Headers or return bends of this type are par 

ticularly adapted for use in connection with 
cracking coils and similar oil refining equip 
ment, although their utility is not limited to this 
type of apparatus. The complicated shape of 
Such headers or return benders renders it im 
practicable to produce them commercially by 
forging in a single piece. Cast headers or return 
bends have therefore been employed in spite of 
the recognized superior strength of forgings as 
compared with castings. The superiority of 
forgings over castings makes the use of forged 
headers or return bends very desirable in crack 
ing coils because of the extremely high pressures 
and temperatures frequently encountered and 
the Subsequent strain upon the equipment. 
The primary object of the present invention is 

to provide unitary headers or return bends of 
the foregoing type constructed of forged steel. 
A further object of the invention is to pro 

vide a method of fabricating unitary headers or 
return bends from forged steel, whereby the ob 
stacles heretofore encountered in forging such 
articies are overcome and unitary headers or re 
turn bends may be produced from forged steel 
in a simple and economical manner. 
According to my invention, a unitary forged 

steel header or return bend is produced by forg 
ing the header or return bend in separate sec 
tions, each of which may be forged in a con 
verient and economical manner, and subse 
quently joining these sections by welding in such 
magner as to insure accurate dimensioning of 
the finished article. Fabricated in this manner, 
the header' or return bend, while not forged as a 
complete unit, has all of the desirable character 
istics of a single forging, and it is generally more 
satisfactory than a cast steel header or return 
bend, both in point of service and in point of 
safety. 

More specifically, each individual forging has 
a body portion adapted to accommodate a tube 
and a boss extending laterally from the body 
portion and adapted to form a cross-over con 
nection to the next tube. A forging of this 
character may be conveniently and economical 
ly made by press forging as disclosed hereinafter. 
The boSSes of two such forgings are then joined 
together by welding to form a double header or 
return bend. Where a multiple tube header is 

(C1, 78-60) 
to be made, forgings as just described are used 
at the ends of the header, and intermediate 
forgings having two oppositely disposed lateral 
bosses are welded therebetween. As is well un 
derstood by those skilled in this art, it is es- 5 
Sential in such headers or return bends to have 
the centers of the tube bores at a specified dis 
tance apart, and my invention accomplishes this 
in a simple and expeditious manner. 
My invention may be more clearly understood 

by reference to the following description and to 
the accompanying drawings, which form a part 
of this specification, and in which: 

Fig. 1 is a central vertical section through a 
die for press forging one of the individual sec 
tions, the plunger of the press being shown in 
broken lines; 

Fig. 2 is a side elevation of a forging made in 
the die shown in Fig. 1; 

Fig. 3 is a top plan view of the forging shown 
in Fig. 2; 

Fig. 4 is a central vertical section through the 
forging shown in Figs. 2 and 3 after drilling and 
cutting; 

Fig. 5 is a top plan view of the drilled and cut 
forging shown in Fig. 4; 

Fig. 6 is a side elevation showing in full lines 
two of the drilled and cut forgings in position 
for welding to produce a double header, and in 
broken lines the positions of the forgings after 
the Welding operation is completed; 

Fig. 7 is a top plan view of the parts shown in 
Fig. 6; 

Fig. 8 is a central vertical section through the 
finished double header after machining; 

Fig. 9 is a side elevation of a modified forging 
for use in the production of multiple headers; 

Fig. 10 is a central vertical section through the 
forging shown in Fig. 9 after drilling and cut 
ting; 

Fig. 11 is a central vertical section through a 
multiple header after the welding operation; and 

Fig. 12 is a plan view of the header shown in 
Fig. 11. 

Referring more particularly to the drawings, 
the die shown in Fig. 1 comprises an upper 
member 2 and a lower member 3 meeting in a 
horizontal plane at 4. A cylindrical opening 5 
extends vertically through the upper member 2 
and registers with a cylindrical opening 6 ex 
tending part way into the lower member 3 to 
form a vertical cylindrical recess . The wer.-, 
tical cylindrical recess shapes the main body 
portion of the forging. The members 2 and 3 
are also cut away as shown to form a cylindrical 55 
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recess 8 extending laterally from the vertical 
cylindrical recess. The lateral recess 8 for as a 
cylindrical laterally extending boss on the forge 
ing, and the plane 4 bisects the recess 8 to permit 
subsequent removal of the forging from the die. 
A removable plug S has a head O fitting Snugly 

in the outer end of the lateral recess 8 and has 
a cylindrical handle if fitting snugly in Semi 
cylindrical recesses 2 and 3 in members 2 and 
3, respectively. The lower member 3 and the 
plug 9 are preferably provided with Substantially 
hemispherical protuberances 4 and 5 located 
centrally of the closed ends of the vertical cylin 
drical recess and the lateral cylindrical receSS 
8, respectively. The protuberance 4 is shown as 
integral with the lower member 3, but it may if 
desired be formed by a plug inserted in the mem 
ber 3. The rear face f of the head O and the 
corresponding end of the recess 8 are preferably 
shaped like a frustrum of a cone, as illustrated, 
in order to facilitate separation of the die men 
bers from the plug 9 after the forging operation. 
A plurality of plugs 9 having heads to of dif 

ferent thicknesses may be provided, so that a 
single die may be used to make forgings having 
side bosses of different lengths, depending upon 
the tube center to center distance desired in the 
finished header. 

In use, the two members of the die are locked 
together in a suitable forging press with a plug 
9 of suitable dimensions in place, and a heated 
billet, preferably a short piece of round bar steel 
stock, is dropped into the vertical recess . A 
plunger 20, shown in broken lines in Fig. 1, is then 
forced downwardly into the vertical recess of 
the die, thus forcing the hot metal to occupy 
all of the recesses 7 and 8 of the die. The plunger 
is then raised, the die unlocked and the upper 
member 2 is raised, leaving the hot forging and 
the plug 9 resting upon the lower member 3. 
The forging is now lifited by means of tongs or 
other suitable implement, carrying with it the 
inner end of the plug 9 for a short distance until 
the plug drops out or is extracted laterally. 
The forging 2 so produced will have the shape 

shown in Figs, 2 and 3 and will comprise a main 
cylindrical body portion 22 and a cylindrical side 
boss 23. The length of the boss 23 will depend 
upon the thickness of the head O of the particu 
lar plug 3 chosen. The upper end of the body 
portion 22 will have a depression 24 corresponding 
in shape to the plunger 20. The lower end of 
the body portion 22 and the end of the boss 23 
will have depressions 25 and 26, corresponding 
respectively to the protuberances 4 and 5 of the 
die member 3 and the plug 9. 

Portions of the body 22 of the forging 2 are 
then cut away, preferably by means of an acety 
lene cutting torch, to form the ears 27 and 28 
having slots 29 and 30, respectively, as shown in 
Figs, 4 and 5. These ears and slots are for the 
purpose of Supporting the customary holding 
yokes for the closure plugs ordinarily employed 
in equipment of this kind for Sealing the outer 
ends of the tube bores. It will be understood 
that the present invention is not concerned with 
the particular form of closure devices utilized, 
and that provision might be made for any desired 
form of such closures. The forging 2 f is next 
drilled to form the tube bore 3 in the body por 
tion 22 and the cross-over connection 32 in the 
boss 23, as likewise shown in Figs. 4 and 5. 
To make a double header, two of the drilled 

and cut forgings 2 are placed with their bosses 
23 facing one another as shown in full lines in 

2,055,584 
Figs. 6 and 7. The ends of the bosses 23 may be 
then joined together by Welding in any desired 
manner. As stated above, all headers Or return 
bends are made for a definite spacing of the tube 
centers. The bosses 23 must therefore he of Such 
length that the required distance between the 
center lines of the tube bores 3 is obtained after 
the welding operation is completed. If ordinary 
electric arc welding utilizing a fusible Welding 
rod electrode is to be employed, the ends of the 
bosses 23 are preferably chamfered so as to form 
the usual Welding groove, 
Although electric arc welding may be employed 

as above described, in the preferred embodiment 
of my invention I join the two forgings by resist 
ance flash welding. With this type of welding, 
I make the bosses 23 sufficiently long so that the 
distance between the center lines of the tube bore 
3 is greater at the Commencement of the Weld 
ing operation than is desired in the finished 
header. Thus, the full lines 35. and 36 in Fig. 7 
show the Spacing of the center lines of the tube 
bores 3 prior to welding, and the broken lines 
35' and 36 show the Spacing of these same center 
lines after the resistance flash welding operation is completed. 

In this resistance flash welding, the welding 
current is passed directly through the two forg 
ings, and an arc is established between the meet 
ing faces of the bosses 23 by making contact be 
tween the two bosses and then separating them 
slightly. The arc thus established heats the 
metal at the ends of the bosses, and after a short 
time this metal begins to melt. The two forg 
ings are then fed slowly towards each other until 
the distance between the tube bore center lines 
is a predetermined amount greater than that 
desired in the finished header. When this pre 
determined point is reached, the two forgings are 
pushed rapidly and firmly together until a defi 
nite pressure is exerted between them. This last 
Step extinguishes the arc, and the current is cut 
off after the arc has been extinguished. The 
extra distance allowed and the pressure to be ex 
erted depend upon the size of the forgings and 
the welding conditions, and should be deter 
mined by experimentation in advance of quantity 
manufacture. When these factors are properly 
chosen, the distance between the tube bore cen 
ter lines of the Welded forgings will be within the 
allowable limits of tolerance. 
After the welding operation, the final machin 

ing of the header or return bend is performed. 
The pressure of the two forgings together pro 
duces flashes or upsets 3 and 38 at the inside 
and outside edges of the bosses 23, as shown in 
broken lines in Figs, 6 and 7. These flashes or 
upsets may be seen somewhat more clearly in 
Figs. 11 and 12. The upsets 37 and 39 may be 
removed partially or wholly as shown in Fig. 8, 
the outer upset 37 being removed by chipping 
or otherwise, and the inner upset 38 by the use 
of an appropriate broaching tool. At the top of 
the header, the seats 40 are machined very accu 
rately to accommodate the customary closure 
plugs (not shown) and the tube seats 4 are 
also machined accurately not only as to their 
internal dimensions, but so as to maintain the 
center to center distances of the tube bores With 
in the required tolerance. 
When it is desired to manufacture headers or 

return bends having provision for more than two 
tubes, forgings 50 such as shown in Fig. 9, are 
employed in addition to the forgings 2. The 
forging 50 may be made in a die similar to that 
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shown in Fig. 1 except that recesses are formed 
on each side of the vertical cylindrical recesses 
of the die so that the forging 50 will have bosses 
5 and 52 on each side of the body portions 53. 
The forging 50 is then drilled and cut in a man 
Iner similar to the forging 2, as shown in detail 
in Fig. 10. To make a three tube header, one 
forging 50 is placed between two forgings 2 and 
the whole weided together as shown in Figs. 11 
and 2. The welding operation may be per 
formed in stages, by first welding one end forg 
ing 2 to the central forging 50, and then weld 
ing the other end forging 2 to the central forg 
ing 56, or the two weeding operations may be 
performed simultaneously if desired. It will be 
obvious that headers for any desired number of 
tubes may be made simply by inserting additional 
forgings 5 between the end forgings 2. The 
welded forgings shown in Figs. and 12 should, 
of course, be machined subsequently to the Weld 
ing operation similarly to the machined header 
shown in Fig. 8, 

It will be apparent that my invention permits 
the Jaanufacture of headers or return beds ac 
corinodating any desired nuancer of thes from a 
plurality of individual, forgigs each of which 
may be inade in an eccai20frica. 8d e.peditious 
Shanner. Furtheir ore, any invention pearants the 
welding of these forgings in Stich Inanner that 
accurate centering of the respective forgings is 
obtained. The resistance welded joint of the 
preferred modification of any inventioi is formed 
wholly for the original forged stee of the forg 
ing, and hence the welded joint has a strength 
substantially the same as that of the other por 
tions of the finished header. A further advan 
age of any invention is that headers of Varying 
tle center distances may be inade from the same 
original Sorgings, within easonale inits, as 
where extreme variations are desired, this may 
be accorpiished with the sage die erely by 
changing the size of the renovable plug used 
diring the forging operation. 

It will be obvious that various modifications 
gray be inade in my inventioz, without departing 
from the spirit thereof, and I desire to be limited 
therefore only by the prior art and the scope of 
the appended claims. 
ca: 

1. In combination, a press forging die having 
a bore therein one end of which opens to the out 
side of said die, a second bore entirely surrounded 
by the body of said die intersecting said first bore 
at right angles, said second bore having a tas 
pered end, a third bore of reduced diameter coe 
23ia with said second bore and connecting the 
tapered end of said second bore with the Outside 
of saici die, said die being split in a plane that ite 
cludes the axis of said second and third bores, and 
a plug adapted to fit in the tapered end of Said 
Second bore on a shank adapted to fit in get 
third loore, said plug being positioned 5 Salt as 
pered end to determine the effective length of 
Said. Second ge. 

2. A press forging die, a kore therein & virg 
one end in continuinication with the outside of 
said die, 3, second ore entirely str;"ounded by the 
body of said die 3d ifiergecting g3 R's, ore 
at right angles, 2, third Oire of Kediced diamete: 
coasia with 83 gestgahdi (i.e. aid CCEElecting CEge 
eads of said gecond bore with the OEgide of Sais 

3 
die, there being a shoulder between the commu 
nicating ends of said second and third bores and 
a plug adapted to determine the effective length 
of Said second bore insertable in said second and 
third bores and adapted to be fixed against move 
ment in one direction by said shoulder, Said plug 
and the bottom of said first bore including work 
hollowing protuberances. 

3. A press forging die, a bore therein having one 
end Open to the outside of said die, a second bore 
having one end opening into said first bore and 
having a shoulder at the other end thereof, and 
a plug insertable in said second bore against said 
shoulder to close said end of said bore and to de 
termine the effective length thereof said die being 
split in a plane that includes the axis of said 
Second bore. 

4. A press forging die, a bore therein having 
one end open to the outside of said die, a second 
bore entirely surrounded by the body of said die 
intersecting said first bore at right angles, a third 
bore of smaller cross section than said Second 
bore connecting the end of said second bore with 
the outside of said die, there being a, shoulder bea 
tween the communicating ends of said Second and 
third bores, and a plug having & head of cross 
Section substantially equal to that of said second 
bore and a shank of cross Section substantially 
equal to that of said third bore, said plug being 
insertable in said second and third bores with 
Said head against said shoulder to deter nine the 
effective length of said second bore. 

5. In a forging machine, in combination, a pair 
of relatively movable dies forming an impression 
When in closed position, having bores extending 
exteriorly thereof, a mandrel having a displace 
rent nose projecting is to one of said bores, 8. 
enlargement on said mandrel, recesses in said die 
elements adapted to eigsge Said elager ent 
thereby locking the mandrel in place and closing 
the end of the impression, a piercing tool carried 
by a header slide and having a displacement iOSe 
adapted to enter the other end of said impression. 

6. A press forging die, a bore therein having 
one end in communication. With the Outside of 
said die, a second bore in said die having one end 
operling into said first bore, a work shaping man 
drel positioned in said second bore against the 
other end thereof, the sides and other end of 
said Second bore fixing said mandrel against 
Overnet in One direction. 
7. A press forging die, a bore therein having 

One end in communication with the outside of 
said die, a second bore in said die of substantially 
uniforn, cross section having one end opening into 
said first bore, a work shaping mandrel posion 
tioned in said second bore against the other end 
thereof, the sides and other end of said second 
core fixing said raindel against noverent in 
(OShe directica. 

8. A press forging die, a bore therein having 
One ent is a coignatinication with the Outside of 
said die, a second bore in said die of substantially 

for; cross Section having one end Opening 
into said first loore, a work shaping handrel posi 
tioned in said second bore against the other end 
thereof, he sides and other end of Said Second 
bore fixing said gia.Endrel against movement in 
one tirection, said die being split in 2, plane that 
incides the 32 is of said second bore, 
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