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The invention relates to threaded well casing 
joints that are composed of interiorly and ex 
teriorly threaded metal tubular members made 
of steel. , 

The casing of an oil well is hung vertically in 
the well in such a manner that the threaded joints 
of the upper lengths of pipe sustain all. or sub 
stantially all, of the weight of the casing in ten 
sion. Because of this the greater the depth of 
wells the greater becomes the necessity of increas 
ing the axial tensile strength of the threaded 
casing joints. 
In some cases an increase in the strength of 

well casing joints has been obtained by upsetting 
the ends of pipe to increase their wall thickness 
so that stronger threads can be cut without weak 
ening the threaded ends excessively in compari 
son with the strength of the main bodies of the 
pipe. The effect or such upsetting is to increase 
the outside diameter of a casing joint if the up~ 
set is external or to decrease its inside diameter 
if the upset is internal. ‘ Due to the necessity 
of maintaining a small outside diameter for clear 
ance of casing in a drilled hole and the necessity of 
maintaining a large inside diameter for clearance 
in the telescoping of smaller diameter casing as 
the hole deepens, limitations are imposed upon 
the amount of upsetting that can be done, and in 
consequence thereof limitations are placed upon 
the amount of the increase in the strength of 
joints that can be eiiected by upsetting the ends 
of casing pipe. 
In other cases an increase in strength of Joints 

has been obtained by ?rst laterally expanding 
upset ends of easing pipe and then cold working 
the expanded ends by compressing them radially 

4 to reduce their diameter. However, the thickness 
of cold worked metal required for strength, com 
bined with the limitations‘ on such thickness ‘im 
posed by clearance considerations, results in de 
?ning for a given casing pipe, the inside diameter 
through the upset to a permissible range of vari 
ation too narrow to be mained in practical 
manufacturing operations. by the upsetting, ex 
panding, and radial compressing alone. Conse~ 
quently it has been found necessary, after the 
radial compression operation, to bore the pipe 
ends, which adds materially to the cost of manu 
facture. 
The object of this invention is to provide a sim 

ple and economical method of increasing the axial 
tensile strength of a threaded joint to any desired 
extent without increasing its outside diameter or 
decreasing its inside diameter-hero the clear 
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ance requirements of service, and without the ne 
cessity of ?nal boring. ‘ - . ‘ > 

, In the practice of this‘ invention in its applica 
bility to couplingjoints that are formed by ex 
teriorly threading the adjacent ends of pipe which 
are connected to each other by sleeve couplings 
whose ends are interiorly threaded, the adjacent 
ends of the pipe are ?rst interiorly upset while 
at a hot working temperature, the amount of in 
crease in wall thickness effected by the upsetting 
being dependent upon serviceirequirements. After 
such upsetting the pipe is preferably normalized to 
unify its physical characteristics at the desired 
strength of the main body of the pipe. When at a 
cold working temperature, the upset end of each 
pipe is rigidly con?ned exteriorly to prevent ex 
pansion or enlargement of its outside diameter 
during the next step of the procedure. Preferably 
the exterior_iace of the upset end is so con?ned 
by a multiple part die adapted to be closed upon 
the end. While the upset end is so con?ned 
against expansion, its wall thickness is progres 
sively cold reduced by applying rolling pressure 
to the interior face of the upset. It is unneces 
sary subsequently to bore the upset because in 
the cold reducing operation the inside diameter 
through the upset is established to the necessary 
precision for clearance requirements. In the cold 
reducing operation the metal of the upset end 
?ows axially of the pipe and increases its length 
in proportion to the amount of reduction in wall 
thickness. This axial plastic ?ow of the metal 
increases its axial tensile strength in proportion 
to the amount of cold reduction of the wall thick 

- ness that is effected. Thereafter the cold reduc 
ing end of the pipe is exteriorly threaded to be 
received by an interiorly threaded sleeve coupling. 
In the practice of this invention in its appli 

cability to hell and spigot threaded joints for 
connecting tubes to each other directly, the spigot 
end of a pipe is interiorly upset and then cold 
worked by reducing its wall thickness in the man 
ner explained above with reference to the upset 
ends of pipes for coupling joints. In a similar 
manner the end of the adjacent pipe is expanded 
radially to form a bell and is upset to increase 
the wall thickness of the bell. Thereafter the 
wall of the bell is cold reduced by applying roll 
ing pressure. to its interior face in the manner 
explained above. ' 

The invention will be further explained with 
reference to the accompanying drawings in which 
Fig. ‘1 is a longitudinal central sectional view 
through a portion of a plain pipe which may be 
either seamless or Welded; Fig. 2 a. similar view 
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through the pipe after its end has been upset in 
teriorly; Fig. 3 a. similar view of a pipe after its 
end has been both upset and expanded to form a 
bell; Fig. 4 a longitudinalcentral sectional view 
through a completed coupling joint; Fig. 5 a view 
similar to Fig. 4 through a completed bell and 
spigot joint; Fig. 6 a side view of a machine that 
may advantageously be used for cold reducing 
pipe ends, although in the practice of the inven 
tion other mechanism may be used for this pur 
pose; Figs. '7 and 8 plan and right end views, re 
spectively. . 
a transverse sectional view of the machine taken 
on the line IX-IX of Fig. '7; Fig. 10 a vertical sec 
tional view to enlarged scale taken on the line 
X--X of Fig. 8; and Fig. 11 a side view to en 
larged scale of the tube expanding tool of the 
machine. 
In the forming of a threaded coupling joint 

such as shown in Fig. 4, each of the adjacent ends 
of plain pipe I is provided withan interior upset 
2 which is somewhat greater in length than the 
external threads to be later cut on it, and which 
merges gradually with the portion of pipe that 
is not upset. The upsetting is done while the 
ends of the pipe are at a hot working tempera 
ture, and in the upsetting operation the wall 
thickness of the pipe ends is preferably increased 
to about one and one-half times that of the nor 
mal wall thickness of the pipe, although this may 
be varied depending upon the requirements of 
service. As has been stated, after the upsetting 
operation, the pipe is preferably normalized. 
The cold work reduction of the wall thickness 

of each upset is preferably done by a tube ex 
pander of the type comprising a cylindrical roller 
cage and a tapered rotatable mandrel within it, 
the mandrel forming a backing support for roll 
ers which lie in axially disposed slots in the cage 
and project beyond its outer face. If the ex 
pander is of the self-feeding type the roll-posi 
tioning slots in the cage are inclined slightly to 
the axis of the mandrel. In the tube expander 
5 shown particularly in Figs. 10 and 11, a cylin 
drical cage 6 is provided with slots that extend 
parallel to the axis of the cage for receiving two 
annular series of equally spaced rolls ‘I and 8 
whose adjacent ends overlap to preclude the for 
mation of ridges on inner faces of cold reduced 
upsets, there being three rolls in each series angu 
larly spaced 120° from each other. Extending 
through cage 6 there is a tapered mandrel 9 
against which the inner faces of rollers l and 
8 bear, the rollers being tapered one-half the 
over-all taper of the mandrel so that the outer 
working faces of the rollers form a cylindrical 
inner face on the upset end of a pipe. , 
During the cold reduction of the upset end of . 

a pipe its outer face is rigidly con?ned between 
a two-part die having a lower block Ill which rests 
upon an end portion ll of the frame of the cold 
reducing machine shown in the drawings, and 
having a vertically movable upper block l2 whose 
upper face is provided with an inclined dovetail 
groove l3 formed to receive a dovetail projection 
on a laterally slidable wedge l4 whose upper face 
has a horizontal dovetail connection IS with the 
top of the frame. Wedge i4 is connectedto a 
piston rod iii of a pressure ?uid cylinder I‘! for 
reciprocating the wedge horizontally to raise and 
lower upper die block 12. 
At its outer end cage 6 of expander i is con 

nected to a collar 20 adapted to bear against the 

of the machine shown in Fig. 6; Fig. 9' 

' the expander within the upset end of a pipe. and 

30 

this collar is provided with a groove which re 
ceives a carrier plate 2i that is slidably mounted 
on a plurality of rods 22 connected to and ex 
tending outwardly from the frame of the ma 
chine. In positioning a pipe wtihin the die a. 
substantial space, indicated at 35 ‘in Fig. 10, is left 
between the end of the pipe and the adjacent 
face of collar 20 for the endwise plastic flow of 
metal during the cold reducing operation. 
Mandrel 9 is adapted to be rotated by a motor 

25 through a reducing gear 26 to which the outer 
end of the mandrel is connected, the mandrel 
driving and supporting mechanism being borne 
by a carriage 21 that is supported by side rails 
28 of the machine frame for movements towards 
and from the pipe-clamping die. The rear end 
of the carriage is connected to a piston rod 29 
of a ?uid pressure cylinder 30 for so moving the. 
carriage. While the pipe end is being clamped 
in the die, mandrel carriage 21 and tube expander 
5 are in the position shown in Figs. 6 and '7. Car 
riage 21 is then moved forwardly by actuating 
pressure cylinder 30, and the expander 5 is sl 
ncultaneously moved within the pipe until its 
shoulder 20 bears against the vertical face of the 
die. In such position the inner ends of rollers 
1 project beyond the inner end of upset 2 so that 
during the rolling operation the full length of 
the upset is reduced. Motor 25 is then driven to 
rotate the mandrel while the mandrel carriage is 
fed forwardly progressively to move rollers l 
and 8 radially upwardly. The rotation of the 
mandrel-rotates these rollers, and, by their en 
gagement with the inner face of the upset, they in 
turn rotate cage 6 so that the wall of the upset 
is gradually and uniformly cold rolled to reduce 

_ its thickness the desired amount which is deter 
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mined by the extent of longitudinal feed of the 
mandrel within the cage. The inner rolled face 
of the upset is smooth and of true cylindrical . 
form from end to end. At the completion of the 
cold reducing operation, wedge i4 is moved out 
wardly by pressure cylinder I’! to elevate die 
block l2 to release the pipe, and carriage 21 is 
moved to the left su?iciently to cause the mandrel 
to release rollers ‘I and 8 from their binding en 
gagement with the inner face of the reduced 
upset. The tube expander may then be removed 
from the pipe by further moving the carriage 21 
to the left and by sliding carrier plate 21 out 
wardly upon its supporting rods 22. . 
In making a bell and spigot joint like the 

shown in Fig. 5, a pipe 40 is first upset and ex 
panded to form a bell ii at its end, after which ' 
the bell is cold reduced in the manner fully ex 
plained with reference to the upset end 2 of pipe 
I. The spigot end 42 of pipe 43 of the bell and 
spigot joint is in all respects formed the same 
as the upset end of pipe I for a coupling joint. . 
To eifect a substantial increase in the axial 

tensile strength of a threaded joint, the wall 
thickness of the upset should be cold reduced to 
not less than ?ve per cent, and in some cases 
may be cold reduced as much as twenty-?ve per 
cent. By a series of tests on well casing having 
an outside diameter of 51/.» inches we have found 
that the percentage increase in tensile strength 
of coupling joints e?ected by the practice of our 
invention is substantially proportional to the per 
centage of cold work reduction of the wall thick 
ness of internal upsets, the percentage increase in 
strength being about double the percentage re 
duction in wall thickness of the upset ends. By 

faces of die blocks i0 and I2 properly to position 75 way of example and not of limitation, if it is de 
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sired to so increase the axial tensile strength of 
a coupled joint for well casing of seven inches 
outside diameter having a normal wall thickness 
of about .36 of an inch that it is equal to the longi 
tudinal tensile'breaking strength of the body of the 
casing, this may be done by interiorly upsetting 
the ends to a wall thickness of approximately 0.5 
of an inch and then cold reducing the wall thick 
ness of the upset ends approximately 11 per cent. 
In addition to providing a simple and econom 

ical method of increasing the axial tensile 
strength of a threaded joint to any desired extent 
without increasing its outside diameter or de 
creasing its inside diameter beyond the clearance 
requirements of service, an important advantage 
of this invention is that the upsetting and cold 
reducing operations is so related and controlled 
that the completion of the cold reducing opera 

' tion the inside diameters of the interior upsets 
are large enough for required clearance. This 
eliminates the expense of the ?nal boring of in 
terior upsets that has been found to be necessary 
to meet clearance requirements. 
According to the provisions of the patent stat 

utes, We have explained the principle and mode 
of operation of our invention, have described and 
illustrated what we now consider to be the best 
way of practicing it, and have given examples of 
how it may be practiced. However, we desire to 
have it understood that, within the scope of the 
appended claims, the invention may be practiced 
otherwise than as speci?cally described and il 
lustrated. 
We claim: 
1. The method of increasing the axial tensile 

strength of a threaded well casing joint composed 
of interiorly and exteriorly threaded metal tubu 
lar members, which comprises upsetting a, tubular 
member, rigidly con?ning one face of the upset 
to prevent radial flow of the metal at such face 
and, while said face is so con?ned and while the 
metal of such member is at a cold working tem 
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perature, causing the metal of the member to 
flow axially of the member by progressively cold 
reducing the wall thickness of the upset not less 
than 5% and not more than about 25% by roll 
ing pressure applied to the other face of the up 
set, thereby increasing the axial tensile strength. 
of the metal about double the percentage of said 
reduction in wall thickness, and thereafter 
threading said con?ned face of the thus reduced 
upset. - ' 

2. The method of increasing the axial tensile 
strength of a threaded well casing joint composed 
of interiorly and exteriorly threaded metal tubu 
lar members, which comprises interiorly upset 
ting an end of a tube rigidly con?ning the exte 
rior face of the upset end to prevent expansion 
thereof and, while said end is so con?ned and 
while the metal of the member is at a cold work 
ing temperature, causing the metal of the mem 
ber to ?ow axially 0f the member by progressively 
cold reducing the wall thickness of the upset not 
less than 5% and not more than about 25% by 
rolling pressure applied to the interior face there 
of, thereby increasing the axial strength of‘ the 
metal about double the percentage of said re 
duction in wall thickness thereof, and thereafter 
threading the exterior face of the cold reduced 
end. 

JOHN L. HOLMQUIST. 
PAUL W. PHENEGER. 
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