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Texas 
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13 Claims. (CI. 72-28) 

ABSTRACT OF THE DISCLOSURE 

‘ An apparatus for cold bending of steel tubing such as 
constitute end to end joint sections in a cross-country 
pipe line, which pipe are generally of large diameter. 
The apparatus is adapted for ?eld use whereby the pipe 
can be bent at the point of installation in the pipe line, 
for example. 

This invention relates to the cold bending of steel 
tubing such as constitute end to end joint sections in a 
cross-country pipe line and more particularly to a 
bending machine for operating on currently favored thin 
wall, high strength alloy, large diameter pipe and for 
transportation along the pipe line right of way and 
especially when the terrain is rough and requires many 
turns. _ 

An object of the invention is to provide a self con 
tained bending assembly of relatively small bulk, both 
transversely and vertically, and of minimum weight for 
ease of transit whether in sometimes close quarters 
along the path to be followed in laying a line or in rail 
or road travel to and from work locations. 
Another object of the invention is to provide a bend 

ing machine wherein a holding shoe is longitudinally 
rearwardly offset from the bending die and a long stiff 
straight back has its rearward end portion in opposing 
facing relation to the curved die face and has its forward 
end portion projected beyond the die for a long distance 
and wherein the long stiff back which carries and backs up 
a length of straight pipe ahead of the bending zone, is 
rocked for a progressive bending action on a short extent 
of pipe against a small die area and with force applied to 
the stiff back at opposite end connections of which the 
rear connection is spaced behind the center of the die 
for a continuous squeeze clamping of the pipe toward 
the die face but with a snubbing pressure which accom 
modates back off of the stiff back portion rearwardly of 
the bend zone after the bending operation has begun and 
the zone of bending advances on succeeding increments 
of pipe length and as pipe wall contact and conformation 
to the curved die face progressively increases. 
A further object is to provide a bending machine as 

aforesaid in which the convex die face curvature, deter 
minative of the bending arc, recedes or diverges up 
wardly in both of opposite directions away from a mid 
point in the length thereof and only a forward relatively 
small fraction of such length is active for bending contact 
while the rearward remaining major portion of the 
curved face affords a bearing seat for preceding bends 
during subsequent bending operations and the pipe wall 
on the inner side of such preceding ‘bends is braced 
tightly against the curved seat by controlled positioning 
of the stiff back whereby to smooth out and minimize 
wave formations from longitudinal compressive stress 
within the bent zones of the pipe wall. ‘ 
A still further object is to provide a holding shoe with 

a co-operating pipe embracing clamp for backing up 
the pipe wall throughout substantially its entire circum 
ference so as to maintain pipe wall circularity and resist 
inward wall out-of~round collapse while bending force 

10 

15 

20 

25 

35 

45 

55 

60 

65 

70 

3,335,588 
Patented Aug. 15, 1967 "ice 
2 

is being applied on a region of the pipe just ahead of 
the bending shoe. 
Other objects will appear from the following speci? 

cation and the accompanying drawing wherein 
FIG. 1 is a side elevation of a bending machine 

embodjn'ng the subject matter of this invention; 
FIG. 2 is a front elevation looking in the direction of 

the arrows on line 2-2 of FIG. 1; 
FIG. 3 is a transverse section through the holding die 

assembly as on line 3-3 of FIG. 1; ‘ 
FIG. 4 is a side view partly in section of the principal 

bending components prior to the performance of a 
bending operation; 

FIG. 5 is a view similar to FIG. 4 but illustrating 
the relative position of the components at the end of 
the last of a succession of several bends on adjoining 
increments of pipe-length; and 
FIG. 6 is a schematic drawing of a hydraulic actuating 

system. 
Referring to the drawings, a vehicular type bending 

machine is illustrated as including a main frame 1 made 
up of welded together I-beams to provide a pair of 
vertical side trusses connected at intervals by cross 
members 2-2. Each side truss comprises a long lower 
beam 3 with front and rear upwardly converging rails 4 
and 5 supporting a top beam 6. Each side of the main 
frame is supported from the ground by running gear 
such as an endless track assembly 7 at the rear of the 
frame and front bearing runner-s 8. A forward tongue 
9 is for coupling to a towing vehicle. 
For the performance of a pipe bending operation in a 

vertical plane and about a center point high above the 
machine whereby the pipe wall portion on the inside of 
the bend and of shorter bend radius is uppermost, there 
is mounted within the ‘main frame 1 a set of co~operating 
pipe engaging members arranged in longitudinal succes 
sion for alternate contact with diametrically opposite 
top and bottom sides of ‘a pipe inserted between the 
upper and lower members. From front to rear, these 
members are a relatively long stiff back 10 having a pipe 
receiving semicylindrical pocket in its upper face, a 
bending die 11 of a length many times greater than the 
length of a bend to be formed in each operating cycle 
and whose underside has a downwardly facing die cavity 
presenting a pipe engaging face that is semicircular in 
transverse section and is longitudinally curved in longi 
tudinal section on the arcuate path to which a pipe bend 
will conform and a relatively short holding shoe 12 
having an upwardly facing semicylindrical pipe bearing 
contact. The half-round pipe receiving surfaces of the 
holding shoe 12, the bending die 11 and the stiff back 
10 are each of substantially the same radius as the exter 
nal pipe surface so as to closely ?t and hold the con 
tacted tubular wall shape against harmful deformation 
under stress incident to force application of a bend form 
ing operation. For convenience, the pipe engaging sur 
faces usually are provided with replaceable liners sized 
for whatever pipe diameters and the liners are nested 
within the several pipe receiving cavities as shown, for 
‘example, at 12a in FIG. 3. 
As here involved, the holding shoe 12 is spaced rear 

wardly from the bending die and is a vertically shiftable 
boxlike body pivoted to rock about a transverse axis. 
‘In its lower position of rest as seen in FIG. 1, the bottom 
edges of its two side plates bear on an upwardly and 
rearwardly inclined top face of the rearmost crossmem 
her or members 2. Mounted by these side plates, as seen 
in FIG. 3, are the opposite ends of a rock shaft 13 
for a bearing plate 14 which is to seat downwardly on a 
set of three longitudinally slidable and rearwardly tapered 
wedges 15 arranged side by side between. the bearing 14 
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and the upper inclined face of the rearmost crossmember 
2. In power transmitting relation with the wedges is a 
?uid pressure responsive motor consisting of a piston and 
cylinder assembly 16 hinged at opposite ends to the 
wedges and to the machine frame so that controlled actua 
tion of the power cylinder projects and retracts the wedges 
for adjustably setting the height of the holding shoe 12. 
Another pressure ?uid responsive cylinder motor 17 

extends between and is joined at opposite ends to the 
upper terminals of a pair of arcuate clamping jaws 18——18 
which are hinged to the side of the holding shoe 12 for 
co-operation therewith in closing around the top side of 
a pipe and substantially completing the full encirclement 
of and thereby bracing the pipe wall throughout its entire 
circumference. This arrangement will be particularly use 
ful in stiffening the pipe wall against out-of-round collapse 
during the initial ?rst and second of a series of pipe bend 
ing steps. Following each of the initial bending opera 
tions, the pipe will have been shifted rearwardly and the 
length of rearward pipe projection behind the bent region 
will have been increased as the previously bent increments 
of pipe length approach the holding shoe, and there will 
be less need for complete pipe embracement and radially 
inward backing pressure on the upper half of the tubular 
wall in the holding shoe. 
The bending die 11 is ?xedly suspended a short distance 

ahead of the holding shoe by being bolted at its front 
and rear to the two top frame crossmembers 2. 
The longitudinal curvature of the die face is such that 

the face recedes equally in fore and aft directions from 
its midpoint, which is to say that the center of the arc 
of convex curvature is on a line A projected from the 
center of and normal to a chord which intersects opposite 
ends of the die face. Only a relatively small area imme 
diate the front of the die face is employed for the bend 
ing action on the pipe wall. For example, in a commercial 
embodiment, such bending area extends through approxi 
mately a twelve-inch fraction of a ?ve-foot long die. 

Also, in the commercial machine, the stiff back 10 is 
approximately fourteen feet long for properly backing up 
and stiffening a considerable portion of the pipe wall on 
the front side of the arc of bending and the major portion 
of the stiff back length projects forwardly of the die 
while its rearward end portion for about three and a half 
feet underlies the bending die. Such rearward portion 
terminates behind the longitudinal die center on the line 
A and is suspended rearwardly of the die center point 
on the side thereof toward the holding shoe, by a piston 
and cylinder motor assembly 19, one at each side of the 
machine. Each motor 19 is pivotally connected at top and 
bottom on transversely disposed axes with the upper 
frame beam 6 and with the end portion of the stiff back 10 
which is adjacent and nearer to the holding shoe. These 
points of connection are indicated in FIG. 1 as being on 
a vertical line B. In operation, the rearward stiff back por 
tion raises a pipe placed therein toward the ‘bending die 
and not only backs up the tubular wall but maintains a 
proper squeeze pressure on the wall region being pushed 
progressively around the die face bending curvature while 
coincidently accommodating a backing away action of 
the stiff back rearwardly from the point of bend de 
formation so as to provide relief of pressure concentration 
on the pipe wall rearwardly on the region undergoing 
bending stress. For maximum leverage, a large power 
cylinder and piston motor 20 is provided on each side at 
the front of the stiff back and in response to ?uid pressure 
delivered into either of opposite ends of the cylinder, the 
stiff back is raised or lowered about its rear pivotal con 
nection with the power cylinder 19. Controlled elevation 
at the front of the stiff back is usually in the range of 
about twelve inches for an initial bending stroke and in 
creases to about fourteen inches for the next bend and 
increases up to about eighteen inches on subsequent 
twelve-inch bend length increments to the completion of a 
speci?ed bend to given angularity between the ends of a 
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4 
particular joint of pipe. Each of the front power cylin 
ders 20 is pivotally connected on transverse axes at the 
lower end to a frame bracket and at the upper end to a 
pair of side straps 21 welded at front and rear edges to 
vertical plates 22 which in turn are welded to and project 
laterally from the side of the stiff back. 
A series of transversely extending rollers 23 are carried 

in the frame 1 in longitudinally spaced apart relation, one 
at each end of the frame and one at an intermediate lo 
cation between the stiff back and the holding shoe. These 
rollers project above the bottoms of the pipe engaging 
depressions in both the stiff back and the holding shoe 
at their lowered positions of rest so that the pipe can be 
brought into the machine and rolled forward for properly 
positioning its area to be bent. A cable 24 leading from 
the drum of a winch 25 is then tied to a forward portion 
of the pipe. Such winch assembly is supported by one 
of the frame crossmem-bers 2 and includes a pressure ?uid 
driven reversible motor whose actuation between succes 
sive bending operations pulls the pipe backward for bring 
ing a new length increment into position for a bend-work 
ing performance thereon. 
The motor of the winch 25 and each of the pressure 

responsive motors 16, 17, 19 and 20 are supplied from a 
pressure source powered by an internal combustion en 
gine 26 and controlled at the operator’s station or con 
sole 27 having a group of hand lever actuated valves 28, 
29, 30 and 31, each having a neutral or off setting and 
two other settings for alternate delivery and return of 
?uid to and from selected sides of the several motors, 
as can best be seen in the schematic showing of FIG. 6. 
In this case, the engine 26 drives a large liquid pump 32 
capable of building pressure to twenty-two hundred 
pounds and a smaller liquid pump 33 to supply pressure 
up to thirteen hundred pounds. Both pumps have suction 
connections to withdraw hydraulic liquid through a ?lter 
34 and from a storage reservoir or sump 35. The pump 
32 has pressure supply line connections 36 to both of 
the manual valves 28 and 29 and the pump 33 has pres 
sure supply line connections 37 to both of the manual 
valves 30 and 31. Return line connections 38 to the 
sump run from the two manual valves 28 and 29 and 
return line connections 39 go to the sump from both 
valves 30 and 31. In one delivery setting of the manual 
valve 28, pressure ?uid travels through a connecting con 
duit 40 to the winch motor for forward drive when re 
turn ?ow from the motor is through a connecting pipe 
41. In the other delivery setting of the manual valve 
28, return ?ow will be through the conduit 40 while ?uid 
pressure moves through the conduit 41 for winch reverse 
drive. Similarly, between the hand valve 29 and the op 
posite ends of the bending cylinder 20‘, there are two 
connecting ?ow lines 42 and 43, each for directing liquid 
from the pump 32 or to the sump 35 according to alter 
nate hand valve settings for piston projection in one 
instance and for piston retraction in the other setting. 
In like manner, the wedge actuating cylinder and piston 
assembly 16 will be projected when one end of the cylin 
der is vented to the sump through the line conduit 44 and 
the hand valve 31 and upon delivery of pressure ?uid 
to the opposite end of the cylinder through a line 45 lead 
ing from the hand valve 31 and containing a back ?ow 
check valve 46. The purpose of the check valve 46 is to 
enable the hand valve 31 to be placed in neutral position 
with ?uid locked within the cylinder 16 for maintaining 
the holding shoe lift wedges 15 in any position to which 
they have been set. Retraction of the wedges is obtained 
by the alternate setting of the hand valve 31 to pres 
surize the line 44 as well as a branch line 47 for the 
application of opening force on the check valve 46, where 
upon the back end of the cylinder is vented through the 
line 45, the hand valve 31 and the return conduit 39. 
Joined to the hand valve 30 are conduits 48 and 49, to 
be alternately vented and pressurized, and the conduit 49 
is branched for concurrent communication with the piston 
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projecting ends of the cylinders of both the clamp motor 
‘unit 17 and the squeeze motor unit 19. The opposite or 
piston retracting ends of these cylinders both communi 
cate with branches of the conduit 48 and pressurization 
of this conduit affords the working strokes in the retract 
ing direction. 
The branch of the conduit 48 to the clamp cylinder 17 

contains a stop cock 50 which is open during the ?rst 
few stiff back strokes, after which the clamp abutment 
action as previously mentioned can be discontinued dur» 
ing additional bending sequence by closing the stop cock 
50. Complete venting of the conduit is through the hand 
valve 30 ‘but pressure in the line is kept below a desired 
level by pressure relief through a sump connection 51 
containing an adjustable relief valve 52 which opens in 
response to line pressure above a selected value for 
which the relief valve has been preset. Presetting is ac 
cording to predetermined relative working pressures at 
the piston projecting end of the bending cylinder 20’ 
and at the piston retracting end of the squeeze cylin 
der 19. For checking such pressure diflierentials, a pres 
sure gauge 53 in the pressure line 42 and a pressure 
gauge 54 in the pressure line 48 can be located at the 
operator’s station 27. Relief of actuating pressure within 
the squeeze cylinder 19 when its liquid is trapped in the 
neutral setting of the hand valve 30, is desirable to 
allow the rear end of the stiff back to back off or descend 
slightly away from the pipe in the continuing rise of the 
stiff back front end and for bracing successive length 
increments of the pipe against the receding working face 
curve of the bending die. With the stiff back bearing on 
the pipe wall ahead of the rearwardly projecting stiff 
back portion, an increased load will be applied in the 
direction of an outward pulling on the piston in opposi 
tion to the liquid entrapped within the cylinder unit 19, 
and to avoid undue stress on the machine and any added 
burden on the bending cylinder unit while maintaining 
the, rear end of the stiff back under proper snubbing 
and squeezing pressure toward the bending die, the valve 
52 automatically eliminates from the cylinder 19 the liq 
uid pressure in excess of what is needed for properly 
locating the back end of the stiff back. 
For the performance of the initial one of a succession 

of bend forming steps, the holding shoe 12, either alone 
or concurrently with the front of the stiff back, is raised 
a short distance sufficient to lift the previously introduced 
pipe above the supporting rollers 23. It may be here 
mentioned that conventional bending machines of the 
general type here involved usually have pointers or 
markers operating over scales at the operator’s station 
and connected one with the holding shoe and the other 
with the stiff back for indicating at all times their re 
spective heights and thus guiding the manual valve con 
trol of pressure application and cutoff. With the pipe 
resting in the holding shoe, the stop cock 50 is next 
opened and the valve 30 is actuated for the closure of 
the clamping arms 18 over the top of the pipe. At the 
‘same time, the squeeze cylinder 19 will be contracted to 
lift the rear of the stiff back and the parts will be in 
‘the relationship somewhat as shown in FIG. 4. At any 
time, the holding shoe and clamp assembly can rock 
about the transverse axis of the shaft 13 according to 
position assumed by the pipe from time to time. Inas~ 
much as pipe contact with the front bending area of the 
'die face is restricted to a length of approximately twelve 
inches immediate the forward end of the bending die, 
the wedge 15 should now be retracted and the cylinder 
19 projected to drop the back end of the pipe and the 
stiff back ‘for inclination of the pipe forwardly and up 
wardly for presenting the tube wall nearly tangent to 
the die cavity just behind the rearward end of the twelve 
inch long effective bending surface at the front portion of 
‘the die. Thereupon pressure application for raising the 
front end of the stiff back 10 will ?rst push the pipe wall 
into transverse line contact with the receding face of the 
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6 
curved die at about eleven inches rearwardly of its front 
end and thereafter successive increments of the pipe wall 
will be progressively pushed against the die face until com 
pletion of the bend in a twelve-inch long section of pipe. 
Upon release of the clamping arms 18 and a dropping 
of both the holding shoe and the stiff back below the 
rollers 23, the cable winch 25 will pull the pipe back 
a distance on the order of twelve inches, whereupon the 
next bending operation can take place. Pipe portions 
rearwardly and forwardly of the completed bend will 
be in slightly angular relation after the initial bend and 
in compensation therefor the height of the holding shoe 
will be raised slightly more than it was during the ?rst 
bend and the previously bent region of the pipe will 
seat itself against the curved die face in the area extend 
ing generally between twelve inches and twenty-four 
inches from the forward end of the die: when the stiff 
back is again raised. In the second bending stroke, an 
other twelve-inch increment of pipe length will be con~ 
formed to the die curvature and similarly a like bend 
will be performed in each subsequent bending operation 
until eventually the length of bend will correspond with 
or even exceed the length of the bending die so that 
the bent pipe will ?t against the die curvature through 
out its entire length, as seen in FIG. 5. Actuation of the 
wedges 15 at the start of each bending stroke will be 
such as to raise the holding shoe to whatever height is 
required for properly positioning the pipe and the contact 
of the die with the previously bent wall portions will 
tend to smooth out wave formations and resist compres 
sive stresses in the top wall which might otherwise re 
sult in wall deformation. Further to reduce wall collapse, 
there may be employed an internal expanding mandrel 
for insertion axially and outwardly bearing on the wall 
of the pipe at the location of the bending die. 
The foregoing consists of a speci?c description of a 

preferred embodiment of the improved bending machine 
and it is to be understood that such modi?cations and 
variations may be made as come within the scope of the 
appended claims. 
What is claimed is: 
1. In a pipe bending machine having a pair of mem 

bers projected longitudinally of a pipe to be received 
between the members, one member presenting a pipe 
engaging die face curved longitudinally and outwardly 
from the center point thereon for pipe bend conforma 
tion thereto and the other member being a longitudinal 
ly straight stiff back having its opposite end portion 
spaced in opposite directions longitudinally from the cen 
ter point of said die face, together with a holding shoe 
co-operating with the members and spaced longitudinally 
from one end of the stiff back and engageable with a 
pipe on the side thereof to be engaged by the stiff back 
and force applying means joined to the stiff back adjacent 
each of said end portions and operative to move the stiff 
back into pipe clamping relation against said die face and 
thereafter to rock the stiff back for progressively bend 
ing the pipe along the die face; the improvement in said 
force applying means which comprises a pressure ?uid 
responsive motor device connected with the stiff back 
end portion between said central point of the‘ ‘die face 
and said holding shoe, a pressure ?uid delivery con 
nection with said device and pressure relief means in 
said delivery connection responsive to selected back pres 
sure therein for lessening force application on the stiff 
back at its last mentioned end portion for a back-off 
action thereon as the application of force continues on 
the other end portion for the rocking action of the stiff 
back. 

2. In pipe bending machine, a relatively long and 
longitudinally straight stiff back engageable with a pipe 
along one side thereof, a ?xed die having a longitudinal 
ly curved pipe conforming face engageable with the op 
posite side of the pipe in opposing relation to one rela 
tively short length end portion of the long stiff back, a 
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holding shoe positioned in longitudinally spaced apart 
relation to said one end portion of the stiff back and 
engageable with the side of the pipe to be engaged by 
the stiff back and force applying means active on the stiff 
back for bending pipe on the curved die and comprising 
?uid pressure responsive mechanism having bearing on 
said one end portion of the stiff back at a point spaced 
from the longitudinal center of the pipe engaging face 
of the die in the direction toward said holding shoe, a 
force transmitting connection with the stiff back for 
rocking the stiff back about said bearing thereon of the 
?uid pressure responsive mechanism, a ?uid pressure de 
livery conduit communicating with the fluid pressure re 
sponsive mechanism and means to relieve the application 
of pressure on the pressure responsive mechanism for 
accommodating back-off of its bearing on said one end 
portion of the stiff back during rocking progression of 
the stiff back in bending a length of pipe into conformity 
on the curved face of the die. 

3.. In a pipe bending machine, a pair of longitudinally 
spaced apart pipe supports on which a pipe can be rested 
before and after a bending operation, a holding shoe 
and a relatively long and straight stiff back positioned 
between said supports in longitudinally spaced apart re 
lation and both provided with power actuated means for 
their elevation in lifting a pipe above said supports and 
a bending die ?xedly located above a relatively short 
length portion of the stiff back at its end which is near 
the holding shoe and provided on its underside with a 
longitudinally curved face against which a pipe is to be 
progressively pushed into conformation with the face 
curve, said power actuated means including a shiftable 
wedge mounted for slide reciprocation under the holding 
shoe, a ?rst pressure ?uid responsive motor operatively 
connected with the Wedge, a second pressure ?uid re 
sponsive motor operatively connected to said short length 
portion of the stiff back at a point between the holding 
shoe and the longitudinal midpoint of the bending die, 
a third pressure ?uid responsive motor operatively con 
nected with the stiff back at a point spaced from said 
midpoint in a direction away from said holding shoe, 
pressure ?uid supply valves controlling delivery of pres 
sure ?uid to said motors and a pressure relief valve in 
the pressure “?uid connection to the second pressure ?uid 
responsive motor and operative to accommodate descent 
of said point with the short length portion of the stiff 
back and away from said point during progressive rise 
of the point of connection of the third pressure respon 
sive motor with the stiff back. 

4. In a pipe bending machine ‘as in claim 3, said hold 
ing shoe having a semicircular pipe seating face with close 
fitment with the pipe underside, a pair of arcuate clamp 
ing arms hinged to the holding shoe and power means 
to swing said arms into bearing ?tment with the upper 
side of a pipe for co-operation with the holding shoe in 
pressing on the encircled pipe throughout substantially 
its circumference to resist out-of-round stressing thereon 
while an [adjacent pipe portion is being bent. 

5. In a pipe bending machine as in claim 4, said power 
means to swing the clamp arms including a fourth pres 
sure ?uid responsive motor connected in parallel with said 
second pressure ?uid responsive motor for joint response 
therewith and a pressure ?uid control valve operable to 
shut off pressure ?uid delivery to said fourth pressure 
?uid responsive motor. 

6. In a pipe bending machine, a pipe engageable hold 
ing shoe having clamp means co-operating therewith for 
embracing and stiffening a pipe positioned in the holding 
shoe, pressure ?uid responsive means operably con 
nected with the clamp means to close the same, a rela 
tively long and straight pipe engageable stiff back in 
longitudinally spaced and aligned relation with the hold 
ing shoe, \a bending die having a longitudinally curved 
pipe engaging face in opposing relation with a relatively 
short portion of the stiff back adjacent the end of the 
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stiff back near the holding shoe, pressure ?uid motors 
connected with portions of the stiff back respectively for 
ward and rearward of the center of the bending die, pres 
sure ?uid supply connections joined to said motors in 
parallel relation for the application of force to move the 
stiff back into pipe contact with the bending die and to 
impart rock action of the stiff back for bending the pipe 
to die face curvature and a pressure ?uid connection to 
the clamp operating pressure responsive means joined 
thereto in parallel and for conjoint operation with the 
pressure ?uid motor which is connected with the stiff 
back portion rearward of the center of the bending die 
and adjacent the holding shoe. 

7. In a pipe bending machine as in claim 6, a pres 
sure relief valve in the pressure ?uid supply connection 
to the last mentioned pressure ?uid motor operative for 
maintaining a pressure level which accommodates back 
and forth movement of the forward stiff back portion 
throughout a progressive rocking of the straight stiff back 
to the end of its pipe bending action. 

8. In a pipe bending machine as in claim 7 and a 
valve in the pressure ?uid connection to the clamp operat 
ing pressure responsive means operative to shut off the 
delivery of pressure ?uid and render the clamp ineffective. 

9. In a pipe bending machine comprising the com 
bination of: 

a frame; 
a die supported by said frame and having a curved face 

for engagement with a side of a section of pipe to 
be bent, which side is to form the inside are of the 
bend in said pipe; 

a rigid longitudinally straight stiff back member 
adapted for supporting in frictional engagement on 
the opposite side of said pipe from said die, which 
side is form the outside arc of the bend in said pipe, 
said member extending longitudinally forwardly; 

support means longitudinally spaced rearwardly from 
said die and positioned adjacent to the same side of 
said pipe as said stiff back member for supporting 
said pipe at least during the bending operation; 

power means connected to said stiff back member for 
moving said stiff back member against said pipe and 
thereby exerting a pipe bending force in the general 
direction of the side of said pipe vagainst which said 
die is positioned; 

restraining means connecting said die and the rear 
ward end of said stiff back member for restraining 
the increase in transverse spacing therebetween dur 
ing exertion of force by said power means, said 
restraining means including payout means for in 
creasing said transverse spacing when the separat 
ing force transmitted by said pipe from said power 
means exceeds a predetermined level. 

10. The invention as claimed in claim 9 wherein: 
said restraining means includes hydraulic cylinder and 

piston means connected to restrain separation of said 
die and the rearward end of said stiff back member 
and including relief means for relieving pressure in 
said cylinder means when said separating force ex 
ceeds the relief force of said valve means. 

11. The invention as claimed in claim 9 including: 
shiftable wedge means mounted for sliding reciproca 

tion under said support means for varying the trans 
verse spacing between said support means and said 
die during successive bending steps caused by actua 
tion of said power means. 

12. The invention as claimed in claim 11 including: 
second power means for reciprocating said wedge 
means at predetermined times. 

13. The invention ‘as claimed in claim 12 wherein: 
said second power means includes hydraulic cylinder 
and piston means connected to said wedge means 
and including second valve means for locking ?uid 
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in said cylinder means whereby said wedge means 
are locked in a ?xed position relative to said support 
means. 
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