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APPARATUS FOR MECHANICALLY EXPANDING 
LARGE DIAMETER PIPE 

This invention relates to apparatus for mechanically ex 
panding large diameter pipe and more particularly to an im— 
provcmcnt in the apparatus shown in Ewart et al. U.S. Pat. No. 
2.780.271 dated Feb. 5. 1957. The apparatus shown therein, 
which expands the pipe in relatively short increments, has ac 
complished most of the objects for which it was designed. 
However. there is a slight wrinkling or corrugated effect at the 
connection between increments which is particularly noticea 
ble when the pipe is coated. This detracts from the overall ap 
pearance of the pipe and results in customer complaints. 

It is therefore an object of my invention to provide mechani 
cal pipe-expanding apparatus in which the wrinkling or corru 
gated effect between increments of expanded pipe is 
minimized or eliminated. 
These and other objects will be more apparent after refer 

ring to the following speci?cation and attached drawings, in 
which: 

FIG. 1 is a longitudinal section of the pipe expander with 
which my invention is used; 

FIG. 2 is a fragmentary transverse section taken on the line 
11-11 of FIG. 1; 

FIG. 3 is a fragmentary transverse section taken on the line 
III-III of FIG. 1; 

FIG. 4 is a fragmentary top plan view of the forward end of 
the die assembly showing the radial keys; 

FIG. 5 is a schematic view of an expander segment of my in 
vention within a pipe being expanded; and 

FIG. 6 is an enlarged view of a pipe section between ex 
panded and unexpanded portions of the pipe. 

Referring more particularly to the drawings, reference nu 
meral 1 indicates an expander unit for expanding a pipe P. An 
hydraulic cylinder 3 having a piston 54 therein is spaced from 
expander unit I in axial alignment therewith. A piston rod 4 is 
connected to piston 54. Conveyor rollers 5 support and con 
vey the pipe P to and from the expander unit 1. The expander 
unit 1 includes a hollow expandable die assembly 8, into the 
rearward or left end thereof is drawn a tapered polygon 
shaped mandrel 9 attached to piston rod 4 so as to expand the 
die assembly against pipe P. A ?xed thrust plate 10 is secured 
to the forward end of the die assembly 8 and serves to align 
and brace the assembly during the expansion operation. 
The die assembly 8 consists of a plurality of circum 

ferentially disposed dies 11. each die being generally wedge 
shaped and formed with a generally curved outer surface 12, 
which is adapted to be in contacting relation with the inner 
surface of the pipe P to be expanded, and a ?at tapered inner 
surface 13 against which a corresponding surface of the 
tapered mandrel 9 is adapted to slide as the mandrel drawn 
into the die assembly. 
A portion of the curved outer surface 12 of each die 11 ad 

jacent the rearward end of the die assembly is provided with a 
slight inward taper. The portion of the pipe P encircling this 
tapered portion of the dies 11 is partially expanded during the 
expansion operation to provide a tapered connection between 
the fully expanded and unexpanded portions of the pipe. As 
the pipe P is moved forward on the expander unit 1, the par 
tially expanded portion of the pipe is disposed circumjacent to 
the forward portion of the die assembly 8 to provide an area of 
overlap and is fully expanded in the next expansion increment. 
The outer surface 12 of the uppermost die in the assembly 

may be formed with a longitudinal slot 14 which extends the 
length of the die and is adapted to receive the longitudinal 
seam weld of the pipe P. 
The forward end 19 of each die 11 is in contacting relation 

with annular thrust plate 10 and is formed with a radial 
keyway 20, FIG. 4, which is adapted to slidably cooperate with 
one of a series of radially disposed thrust plate keys 21 which 
are secured to thrust plate 10 by bolts 22. 
By virtue of the keys 21, dies 11 are radially aligned with the 

permanently positioned thrust plate 10, and, while’ the dies are 
permitted to move radially outward during the expansion, ro 
tary motion of the dies is prevented. In addition, the radial 

20 

25 

30 

35 

40 

45 

55 

60 

65 

75 

2 
keys prevent longitudinal movement of the dies when mandrel 
9 is retracted from the die assembly. 
To secure thrust plate 10 against movement during the ex 

pansion operation, the forward surface thereof is attached to 
annular flange 23 of piston rod housing 24. 

In operation, with the dies 11 collapsed, the end of pipe P is 
moved to surround the expander unit 1. The dies 11 are then 
expanded to expand an increment of pipe length after which 
the dies are collapsed and the pipe P moved forwardly toward 
cylinder 3 and another increment of pipe length expanded by 
expanding dies 11. The operation is repeated until a little 
more than one-half of the pipe length is expanded when the 
pipe is withdrawn and the other half then expanded. The 
operation and the parts described are old in the Ewart et al. 
patent and the‘reference numerals used are also those of the 
Ewart et al. patent. Other ‘details of the machine can be ob 
tained from the Ewart et al. patent. 
My invention relates to the shape of the expander die seg 

ment 11 as shown in FIG. 5. It will be understood that the die 
shown has a curved outer surface as shown in FIGS. 2 and 3 
and that it is the longitudinal shape of the die which is the sub 
ject of my invention. The outer surface of the die is divided 
into three sections; a ?rst section 11a having a radius substan 
tially equal to the inside radius of the expanded pipe, a tapered 
second section 1117 having a minimum radius no greater than 
the inside radius of the unexpanded pipe, and a curved con 
necting section 110 between and substantially tangent to the 
sections Ila and 11b. I have found that the corrugated effect 
between increments of expanded pipe can be minimized or 
eliminated by making the radius R of the connecting section 
sufficiently long to prevent stressing of the inner and outer 
?bers of the pipe wall beyond the yield point of the pipe 
material. This may be determined by the following equation: 

R 21’ (1) 

where E: modulus of elasticity of the pipe material, I’: yield 
strength stress of the pipe material and t = wall thickness of 
the expanded pipe. 
From FIG. 6 it will be seen that are A’ at the neutral axis of 

the pipe wall I in section He has no strain, that the compres 
sive strain S, (inches/inch) at the inner are of the pipe wall t 
and the tensile strain S2 at the outer arc of the pipe wall are 
equal in magnitude, that R (in inches) is the minimum allowa 
ble longitudinal radius of section 110 which will produce no 
plastic strain or stress beyond the yield point in the outer 
?bers of the pipe wall, and that Tis the angle (in radians) sub 
tended by the radius R through a unit arc length A’. 

Equation ( l ) is arrived at as follows: 

__Yield Strength Stress (Y) 
(2) strain S1 or sz?lT/lodulus of elasticity (E) 

t _J1Z__1i 
(3) S1—S2—(R+t)T—(R_I_2)T_2_E 

2S1 . (4) T=—t—— From Equation 3 

(5) T (R+%)=1 inch 
1—tT 

(6) R=——;— From Equation 5 

(1) R=w+pi From Equations 3 and 6 

Assume that it is desired to obtain a 30 inch outside diame 
ter pipe with a maximum wall thickness of 0.562 inch by ex 
panding 1.25 percent a pipe having an outside diameter of 
29.630 inches which is made from steel having a yield strength 
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stress of 52><l03 and a modulus of elasticity of 30Xl0“. From 
Equation ( l ). 

__ (30X 10°——52X103).562 
2X52X10a =162 Inches. R 

Since the radius R for this type of material varies only with 
wall thickness a die of the proper size having a minumum 
radius R of 162 inches may be used with any diameter tube 
having a maximum wall thickness of0.562 inch. 
The axial length (TL) of tapered section 11b is dependent 

upon the arc length of section 11c and may be obtained from 
Equation (7) 

__e—R(1-cos P) 
TL_ Tan P 

where e offset between the expanded and unexpanded por 
tions of the pipe or the difference in radii, R is the longitudinal 
radius, and P is the angle of taper. The taper angle P is equal to 
the angle subtended by radius R for the full length of section 
110. For pipes of about 30 inch diameter l have found that the 
length of section llc should be about 5 inches. From Equation 
(2). 

' 3 

S1=gg—;<<i—g6 or .00173 in./in. and from Equation (4), 

T=3§$2?=00616 radians or 0°21’. Hence 

1 have found that in actual practice, the actual radius may 
be as little as approximately 80 percent of the radius R calcu 
lated by the use of Equation (1) without obtaining any sub 
stantial stressing of the ?bers of the pipe wall beyond the yield 
point of the pipe material. In other words, the wrinkling or 
corrugated effect in the pipe mentioned above is so minimized 
that a very acceptable product is obtained. 
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4 
While one embodiment of my invention is shown and 

described, it will be apparent that other adaptations and 
modi?cations may be made without departing from the scope 
of the following claims. 

lclaim: 
1. Apparatus for mechanically expanding pipe in incre 

ments comprising a plurality of dies having a length substan 
tially less than the length of the pipe to be expanded and ar 
ranged about a central axis; and means for expanding said dies 
radially against the inside of said pipe to expand the same; 
each of said dies in expanded position including a ?rst elon 
gated transverse curved outer section having a radius substan 
tially equal to the inside radius of the expanded pipe, a second 
elongated transverse curved outer tapered section having a 
minimum radius no greater than the inside radius of the unex 
panded pipe, and a connecting transverse curved outer section 
between and substantially tangent to said ?rst and second sec 
tions; the connecting section of each die being arcuate in its 
longitudinal direction with its radius being suf?ciently long to 
prevent stressing of the inner and outer ?bers of the pipe wall 
a substantial amount beyond the yield point of the pipe 
material. 

2. Apparatus according to claim 1 in which the minimum 
radius of the longitudinal arc of the connecting portion of the 
die is substantially equal to 

where E = modulus of elasticity of the pipe material, l’= yield 
strength stress of the pipe material and l = wall thickness of 
the expanded pipe. 

3. Apparatus according to claim 1 in which the minimum 
radius of the longitudinal arc of the connecting portion of the 
die is equal to 80 percent of 

where E = modulus of elasticity of the pipe material, Y: yield 
strength stress of the pipe material and t = wall thickness of 
the expanded piper 


