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7 Claims. (Cl. 153-40) 

The present invention relates to a machine arranged 
to bend elongated elements such as hollow tubing and 
finds applicability in many fields, including the field of 
manufacturing chairs of the type in which the bent tub 
ing serves as a frame member of the chair. 
An object of the present invention is to provide an 

improved tube bending machine arranged to successfully 
bend hollow circular tubing into many different forms 
and shapes without flattening or galling the tubing at 
the bends. 
Another object of the present invention is to provide 

an improved tube bending machine having as one of 
its various features a pair of cooperating die members, 
one of which is rotatably mounted and the other of 
which is slidably mounted, and arranged so that the 
velocity of the two die members with respect to the tub- : 
ing is substantially equal in a bending operation. 

Still another object of the present invention is to pro 
vide an improved tube bending machine arranged to bend 
a piece of tubing at more than one place with the angles 
of bend in such places being automatically controlled. 
Yet another object of the present invention is to pro 

vide an improved tube bending machine which incorpo 
rates tube gripping means associated with a pair of bend 
ing die members, the gripping means being automatically 
effective to grip the tubing before it is bent by motion 
of either one of the die members. 
Yet another object of the present invention is to pro 

vide an improved tube bending machine characterized 
by its simplicity, ease of operation and its capability of 
bending hollow wall tubing without flattening or galling 
the tubing. 
Yet another object of the present invention is to pro 

vide an improved tube bending machine of the hydraulic 
or pneumatic types whereby successive bends of pre 
determined angularity may be made in a piece of tubing 
inserted into the machine. 
Yet a further object of the present invention is to pro 

vide an improved tube bending machine which may be 
operated by unskilled personnel to bend a piece of tubing 
in the shape of the framework of conventional present 
day summer porch chairs, for example, of the type which 
have a cloth back and a cloth seat. 
Yet another object of the present invention is to pro 

vide an improved tube bending machine arranged to 
bend a piece of tubing at a plurality of places in con 
secutive order with the angularity of bend in each place 
being of predetermined angularity. 

Still a further object of the present invention is to 
provide an improved tube bending machine incorporat 
ing a pair of movable cooperating bending dies which 
during the bending operation have no resulting relative 
movement with respect to the tubing at their point of 
contact with the tubing. 
Yet a further object of the present invention is to pro 

vide an improved tube bending machine of the hydraulic 
type in which means are present to initially grip the tub 
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ing and then to produce movement of at least one bend 
ing die member. 

Still a further object of the present invention is to pro 
vide a tube bending machine allowing the bending of a 
framework of a summer porch chair in a minimum 
amount of time with a minimum amount of effort by un 
skilled personnel. 
The features of the present invention which are be 

lieved to be novel are set forth with particularity in the 
appended claims. This invention itself, both as to its 
organization and manner of operation, together with fur 
ther objects and advantages thereof, may be best under 
stood by reference to the following description taken in 
connection with the accompanying drawings in which: 

Figure 1 is a view in plan of a portion of a tube bend 
ing machine incorporating the present invention. 

Figure 2 is a view in side elevation of the apparatus 
shown in Figure 1. 

Figure 3 is a view taken substantially in the direc 
tion indicated by the arrows 3-3 in Figure 2. 

Figure 4 is a perspective view showing some of the 
hydraulically controlled elements of the machine shown 
in Figure 1. 

Figure 5 is a sectional view taken substantially on the 
5 line 5-5 of Figure 1, with a piece of hollow wall tubing 

in position preparatory to bending. 
Figure 6 is a sectional view corresponding to the sec 

tional view shown in Figure 5 but with the correspond 
ing parts in one of the positions they assume during a 
bending operation. 

Figure 7 is a sectional view taken substantially on the 
line 7-7 of Figure 5. 

Figure 8 is a view taken substantially in the direc 
tion indicated by the arrows 8-8 of Figure 3. 
The machine shown in the drawings includes two pairs 

of tube bending dies or die members 0, it arranged sym 
metrically about the longitudinally extending axis of the 
machine so that if desired, either one or two bends may 
be made simultaneously. Because of the symmetrical 
disposition of the bending die members 8, 11 and their 
identical nature, it is necessary to describe and show as 
in Figure 4, only one pair, it being understood that the 
constructional features and operation of the other pair is 
identical. 
The die member 10 is in the form of a segment of a 

circle and has a peripheral arcuate semi-bore die face, 
the center of which corresponds to the center of rotation 
of the shaft 12 upon which the die member 10 is mount 
ed, the shaft being rotatably mounted on the frame 15, 
16. The other cooperating die member 1 is straight 
and is slidably mounted in its stationary guide bearing 
13 and has a straight semi-bore die face which cooper 
ates with the aforesaid arcuate die face in member 10 
to engage tubing therebetween. Both of these die mem 
bers 10, 11 are of course, mounted on the stationary 
frame or framework of the composite machine. 
The stationary framework of the machine comprises a 

pair of parallel spaced channel members 5, 6 which 
have laterally extending supporting plates or channel 
members 17, 18, 9 and 20 fastened thereto with spaced 
channel members 21, 22, 23 and 24 extending laterally 
outwardly from the channel members (5, 86, respec 
tively, upon which they are fastened to, in turn, support 
the stationary guide bearings 3 for the die members 1. 
Mounted for rotation on this stationary framework 

is the rotatable shaft 12 which is journalled in the spaced 
bearing members 25, 26 mounted respectively on the 
channel members 16 and 15 and which has fastened 
thereto for rotation the centrally located gear 27 and 
sprocket wheel 28. 
The gear 27 forms one component of the rack and 

pinion arrangement 30, 27 with the rack 36 mounted 
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for sliding movement in its guide bearing 35 which in 
turn is supported on the spaced stationary plates 13, 19. 
The mutilated sprocket gear 2S is arranged to turn a 
chain 32 mounied thereon, one end of the chain 32 being 
anchored on the sprocket hub 33 and the other end of 
the chain 32 being attached to a pawi actuating lever 
element 34, to, as described more fully later, automati 
cally condition the machine to produce successive bends 
of predetermined angularity. 
The rack ember 33 is attached through the piston 

rod 4 to the doubie-acting piston 4 disposed in the 
fluid pressure cylinder 42 for movement either by fluid 
entering the cylinder (42 through conduit 43 or conduit 
44. This cylinder 42 inay be pivotally connected to the 
Stationary piate 29 as indicated in Figure to allow auto 
Imatically ainy necessary alignment when and as the piston 
41 is being nicved. Thus, when the piston 43 is moved 
in response to fluid pressure within the chamber 42, the 
rack 30 is also moved, and pinion 27 and shaft 12 are 
rotated to rotate the bending die member it. Thus, hy 
draulic means including pisten 41 and cylinder 42 is 
provided for actuating or moving the die member 18 
relative to the die reimber 3, and such hydraulic means 
may be contected with fluid pressure source 70. 

However, before the die inciber 2 is thus rotated 
in a bending operation, the gripping element or tube 
clannping means 45 which serves to clamp tubing to the 
die member 3, and which is slidably mounted thereon 
is initially actuated by hydraulic means to a position 
wherein such tube is clamped between the gripping ele 
ment 45 and the die member 18 so that there is no tan 
gentiai movement of such tube on the outer periphery 
of the die ineinber 19 during the subsequent tube bending 
operation. One particular hydraulic means whereby the 
gripping member 45 is actuated to gripping position prior 
to operation of the aforesaid hydraulic means comprising 
iston 4; and cylinder 42 is described later in connection 

with the description of Figure 4. 
The tube gripping element 45 is slidably nounted on 

the die inember 30 and is nortmaily maintained in spaced 
relation therefrom by the tension springs 46 having one 
of their ends attached to the gripping element 45 and 
the other cie of their ends attached to a cornbination 
stop and guide pin 47 on the die naember 1G which pin 
extends through the guide apertures 48 in the gripping 
element. The range of novernent of the gripping ele 
ment 45 is deterrained by the engagement of the pin 47 
with the walls of the cooperating slot 48 as shown in 
Figure 4. 
The die member G has a cylindrical opening 58 therein 

into which the plunger 55 of the gripping element ex 
tends. Fluid under pressure tilay be introduced from the 
fluid pressure source or pump 70 into such cylindrical 
opening 58 to raise the gripping element in the direction 
indicated by the arrow 52 in Figure 5 against the action 
of the tension springs 46. Thus, when pressure is intro 
duced into cylindrical opening 53 through the connecting 
conduit 53, the gripping element 45 is raised to grip any 
tubing between the die member 3 and Such gripping 
element 45 as indicated in Figure 6. 
Assuming that the ciamping element 45 shown in Fig 

ure 5 is raised to its clamping position and the shaft 2 
rotated upon which the die member 10 is keyed, the 
right-hand end of the tubing is pressed down against the 
die member and as the die member it continues to 
rotate, the die member 1 is moved in a straight line 
without substantial relative movement between it and the 
tubing to a position indicated, for example, in Figure 6. 
The guide member it is preferably mounted on roller 

bearings 6G of the radial type to prevent slippage between 
the tubing and the surface of the die member il. 

These roller bearings, as shown in Figure 7, are 
mounted on a shaft 61 which may be secured in the sta 
tionary plug 62 which in turn may be mounted Stationary 
with the guide bearing 13. The die member ii is ner 
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mally maintained in the position shown in Figures 4 and 
5 and by the tension springs 63 each having one of their 
ends attached to the outer surface of the guide. 
bearing 3 and the other one of its ends attached to the 
die member 1. 
At the end of a tube bending operation, these tension 

springs 63 return the die member to their norinal 
positions, and in order to ease any resulting shock, a 
dashpot means 64 is incorporated. This dashpot means 
64 may comprise a rod member 65 having one of its 
ends attached to the bearing guide member 3 and the 
other one of its ends projecting into a cooperating cylin 
drical opening 65 of enlarged diameter in the nember i. 

Fluid pressure for operating the tube gripping element 
45 and for moving the piston 41 and rack member 30 
is supplied from fluid pressure source or pump 76 through 
suitable conduit means including a sequence valve 71 
which may be operated from a remote position by a man 
ually or foot operabie rod 72, the inlet of the pump 70 
being in communication with reservoir 73A. Upon the 
first operation of the rod 72, fluid flows from the pump 
78 through the conduit i4, through the sequence valve 
7, through the pressure regulating valve i5, through 
the conduit 76, and conduit 53 to the iniet openings 77 
to thereby raise the gripping element 45 aid to claimp 
any tubing between such element 45 and the die Glenber 
16. After the pressure in the lines 53 and 76 has be 
come stabilized at a high magnitude, i. e., the gripping 
elements 45 have been moved to their raised position, 
the pressure regulating or pressure responsive valve 75 
cpens to allow full pressure to exit in conduit 89 and 
also on the right-hand side of piston 4; in Figure 4 to 
thereby cause the rack tiember 36 to move in the direc 
tion indicated by the arrow 8i, ihtis, this pressure re 
sponsive valve is arranged to assure operation of the tub 
ing clamping means prior to operation of the hydraulic 
means including piston 4 and cylinder 42, and resulting 
operation or movement of rack 3. Such movement of 
the rack 38 continues until the valve actuating erad 82 of 
the rack, is moved into a position to actuate the neanber 
83 of the valve eiement or means 34. This, this valve 
means 84 constitutes a control ineans and is actuated by 
the control element 82 upon rotation of the rotatable 
die member 18 to a predetermined pcsition and, when 
actuated, valve means 84 serves to disable or render in 
effective or control the effectiveness of the hydraulic 
means including piston 4i and cylinder $3. Upon ac 
tuation of the valve element 34, the fluid in conduits 53 
and 76 of high pressure is allowed to flow through the 
conduit 85 into the loy pressure end of thic reservoir 
whereupon the tube gripping eleinents 45 are released 
and the rack member 38 may be returned to its original 
position upon subsequent application of pressure to the 
left hand end of the double acting pisten 4. 

This subsequent application of pressure is accomplished 
by actuating the sequence valve 71 in which case fluid of 
high pressure flows from the pump 78 threlgh the con 
duit 74 through the pressure regulating valve $7, through 
the conduit 43 to the cylinder 42 to thereby move the 
rack member 3) to the right. Thereafter, after the pision 
4 has moved to its extreme right position the pressure 
within conduit 43 becomes stabilized at a high value and 
conduit 43 is placed in coraanunication with conduit 85 
to thereby release pressure within the cylinder 4. 

It is noted that when the piston 4 is being driven to 
the left in Figure 4 the fiuid on the left thereof is ex 
pelled through conduit 43, valve 87, valve 71 and con 
duit 88 to the low pressure end of pump it or reservoir 
70A. When the piston 43 is being driver to the right in 
Figure 4, the fluid on the right thereof is expelled through 
conduit 44 through check valve 89, through valve 7 and 
through conduit 88 to the low pressure end of pump 7. 
Valve 71 in fact contains two valves which are operated 
in sequence by the rod 72 so that when coildlit 88 is 
placed in communication with valve 87, co; duit 4 is 
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placed in communication with conduit 90; and, when 
conduit 88 is placed in communication with valve 75, 
valve 87 is placed in communication with conduit 74. 
These pressure regulating valves 75, 87 and sequence 
valve 71 are of present day commercial structure purchas 
able upon the open market and specific details thereof 
need not be shown and described inasmuch as they are 
all familiar to persons skilled in the art. 

Thus, the rack member may be moved in either direc 
tion, but insequence, upon actuation of the manual con 
trol element 72. 

It is noted that the amount of rotation of die member 
16 is determined by the spacing between the valve mem 
ber or control means 83 and rack end or control element 
82. This spacing may be controlled by selectively and 
automatically imposing therebetween one of a plurality 
of shims 92 of variable thickness. These shims 92 are 
preferably mounted at equal angular distance from one 
another near the periphery of a rotatable shim turret 
member 93 which is rotatably mounted on a shaft 94 ex 
tending from the plate member 18 so that they are mov 
able in predetermined order between the control means 
83 and control element 82. This turret member 93 is 
normally biased into engagement with the valve member 
83 by means of the coil compression spring 95 having 
one of its ends engaging the plate member 18, and the 
other one of its ends engaging the movable collar 98 
mounted on the stationary shaft 94. Suitable detent 
means 99 of conventional type may be interposed between 
the collar member 98, and the turret member 93 to index 
the turret member 93 in any one of seven selected angu 
lar positions corresponding to positions where the differ 
ent shim members 92 are in position for engagement by 
the rack end. 
The coil compression spring 95 presses the turret mem 

ber 93 against the valve actuating member 83 with little 
pressure sufficiently low so as not to actuate the valve 
member 84 but to maintain the turret member 93 firmly 
in position. 

This turret member 93 has associated therewith means 
for automatically rotating the same upon operation of the 
hydraulically operated means including piston 41 and 
cylinder 42. For this purpose, i. e., in providing these 
means, the turret member 93 comprises a ratchet wheel 
which may be turned 4 of a revolution by the cooperating 
pawl lever member 34 which is pivotally mounted at a 
point intermediate its ends on the stationary shaft 94 
with one of its ends having attached thereto a tension 
spring 109 and the other one of its ends having attached 
thereto the spring-biased pawl member it) and the 
sprocket chain 32. The spring 100 has its other end at 
tached to the stationary frame member 6 to tend to 
rotate the pawl lever member 34 in the counterclockwise 
direction in Figure 3 tending to pull the sprocket chain 
32 with it. When the shaft 12 is rotated clockwise in 
Figures 2 and 4, in the bending operation or during for 
ward movement of rack 30, the slack in the sprocket 
chain 32 attached thereto is taken up by the spring 100 
which causes the pawl lever member 34 to move in the 
counterclockwise direction in Figure 3. Such counter 
clockwise motion of the pawl member 34 in Figure 3 
does not cause the turret member 93 to be moved, but 
such turret member 93 is maintained in one of its in 
dexed positions by the detent means 99 illustrated in 
Figure 8. In the return movement of rack 30, i. e., in 
movement of the rack 30 to the right in Figures 2 and 4, 
immediately after the bending operation, the chain 32 
pulls the lever 34 to produce clockwise movement of the 
same in Figure 3 and resulting engagement of the pawl 
101 into driving relationship with one of the notches in 
the periphery of turret 93 to move the same clockwise 
in Figure 3 to the next indexed position. In other words, 
upon each return movement of the rack 30 to the right 
in Figures 2 and 4, the turret 93 is rotated one-seventh 
of one revolution. It is observed that, since the shim 
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members of the same or different thicknesses are inter 
posed between the valve member 83 and the rack end 
82, the die members 10 are rotated the same or different 
corresponding angular distances in the tube bending op 
eration to produce bends of corresponding angularity. 
The stationary framework may have mounted thereon 

positionable stop members 85, 106 in the path of move 
ment of a tube inserted into the machine whereby the 
position of the bend from the end of the tube abutting 
such stops 105, 106 may be accurately determined. 

In operation, either one end of tubing or both elongated 
ends or legs of bent tubing as the case may be, may be 
inserted between the pairs of dies 10, it with the free 
ends thereof in engagement with the positionable stop 
members 105, 66, such elongated ends or legs being suf 
ficiently long to permit the bight to clear the parts to the 
left of the bending dies in Figure 1. When the tubing 
is thus positioned, the foot operating member 72 is actu 
ated to initially cause the clamping member 45 to raise, 
to thereby clamp the tubing between the member 45 and 
the die member 10. Thereafter, the die member 10 be 
gins to rotate pressing the tubing into engagement with 
cooperating half round die member 1 to move it with 
the tubing without relative movement therebetween. 
After the die member i0 has rotated a predetermined 
distance corresponding to the thickness of a shim member 
92 mounted on the indexed turret member 93, the rack 
end 82 is then in a position to cause the valve member 
83 to release the fluid pressure which originally caused 
the tubing to be gripped and the die member to be ro 
tated. After this release of fluid pressure, the foot op 
erated member 72 is actuated to cause the die member 
10 to be rotated in the reverse direction to return it to 
its normal position. Upon release of pressure the clamp 
ing member 45 and the die member 11 may return to 
their original normal positions by the action of tension 
springs 46 and 63 respectively. 

In such normal positions, the clamping member 45 is 
spaced an appreciable distance below the die member 11 
to provide a large opening for that purpose as indicated 
in Figure 5. The removal of the bent tubing is further 
facilitated due to the use of the arcuate shaped die mem 
ber which has its lowermost portion spaced immediately 
above the left hand edge of die 1 in Figure 5. There is 
thus a sufficient clearance between the dies 10 and 1 to 
allow withdrawal of the bent tubing. 
While the particular embodiments of the present in 

vention have been shown and described, it will be obvious 
to those skilled in the art that changes and modifications 
may be made without departing from this invention in 
its broader aspects and, therefore, the aim in the appended 
claims is to cover all such changes and modifications as 
fall within the true spirit and scope of this invention. 
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We claim: 
1. In a bending machine of the character described, a 

frame, a pair of die members, one of said die members 
being slidably mounted on said frame and having a 
straight semi-bore die face, the other one of said die 
members being rotatable on said frame and being arcuate 
and having a peripheral arcuate semi-bore die face co 
operating with said straight die face to engage tubing 
therebetween, an element connected to and movable with 
said other die member, means arranged to clamp tubing 
to said other one of said die members, first hydraulic 
means for rotating said other one of said die members 
relative to the slidably mounted die member, second 
hydraulic means arranged to automatically actuate the 
clamping means prior to actuation of said rotating means, 
a fluid pressure source arranged to deliver fluid to said 
first and second hydraulic means to operate the same, 
conduit means connecting said fluid pressure source to 
said first and second hydraulic means, a pressure respon 
sive valve in the conduit between said fluid pressure source 
and said first hydraulic means arranged to assure opera 
tion of said second hydraulic means prior to operation 
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of said first hydraulic means, valve means controlling the 
cperativeness of said first hydraulic means, said valve 
means being spaced a predetermined distance from said 
element in the path of movement of said element and 
being actuated by said element upon rotation of said 
rotatable die member to a predetermined position for 
disabling said first hydraulic means, and means auto 
matically operated after disabling of said first hydraulic 
means for altering the effective spacing between said valve 
means and said element to control the degree of Succes 
sive rotational movements of said rotatable die meinber. 

2. In a bending machine of the character described, a 
rotatable die member, first means arranged to rotate said 
die member, control means for said rotating means ef 
fective to disable the same, said rotating means having 
an element movable into engagement with said control 
means for actuating said control means, a plurality of 
shim members each selectively movable in predetermined 
order between said control means and said control ele 
ment, means mounting said shim members for nove 
ment between said control means and said control ele 
ment, and means automatically operated upon successive 
operation of said rotating means to move successive ones 
of said shim members between said control neans and 
said element to thereby effectively change the distance 
between said control means and said control element to 
control the degree of successive rotational movements of 
said rotatable die member. 

3. In a bending machine of the character described, a 
movable die member, means arranged to move said die 
member, control means for said moving means effective 
to disable the same, said control means being positioned 
in the path of movement of an element of said moving 
means for actuating said control means, a shim turret 
having a plurality of shim members each selectively and 
adjustably positioned, and means operated by said first 
means for automatically rotating said shim turret to selec 
tively dispose one of said shim members between said 
element and said control means, means mounting said 
shim turret for movement along the central axis of said 
turret to thereby effectively alter the distance between 
said control means and said element to control the degree 
of successive movements of said movable die. 

4. In a bending machine of the character described, a 
rotatable die member, a cooperating slidable die member, 
first hydraulically operated clamping means on one of 
said die members arranged to clamp tubing thereon, 
second hydraulically operated means arranged to move 
one of said die members, conduit means, a source of 
fluid pressure connected through said conduit means to 
said first and second means, pressure responsive valve 
means in said conduit means arranged to prevent opera 
tion of said second means until said first means is op 
erated to thereby assure operation of said first means be 
fore operation of said second means, a control valve for 
said hydraulic moving meaths operative to disable said 
moving means, said moving means having an element 
actuated thereby arranged to operate said control valve, 
a plurality of positionable shim means interposed be 
tween said control valve and said element, means mount 
ing said shim means for movement in the direction of 
the effective thickness of said shim means, means op 
erated by said second means for automatically and selec 
tively interposing, in predetermined order, said shim 
means between said control valve and said element to 
effectively vary the spacing between said control valve 
and said element to thereby control the degree of move 
ment of said moving means. 

5. In a bending machine of the character described, a 
frame, a die member rotatably mounted on said frame 
and having an arcuate die face with an arcuate peripheral 
semi-bore therein to engage tubing, an element connected 
to and movable with said die member, first hydraulically 
operated means mounted on said die member arranged 
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8 
to clamp tubing thereon, second hydraulically operated 
means for rotating said die member, a second die member 
slidably mounted on said frame and having a straight die 
face thereon with a semi-bore therein cooperating with 
the semi-bore of the first mentioned die member to en 
gage tubing therebetween, a fluid pressure source ar 
ranged to deliver fluid under pressure to said first and to 
said second means to operate the same, conduit means 
extending from said fluid pressure source to said first and 
second means, and a pressure responsive valve in at 
least one of said conduits controlled by the pressure 
therein and arranged to automatically prevent the de 
livery of fluid under operating pressure to said second 
means until the pressure of fluid delivered to said first 
means is stabilized to thereby assure operation of said 
clamping means before operation of said rotating means, 
valve means controlling the operativeness of said second 
means, said valve means being spaced a predetermined 
distance from said element in the path of movement of 
said element and being actuated by said element upon 
rotation of said second die to a predetermined position 
for disabling said rotating means, and means automati 
cally operated after disabling of said rotating means for 
altering the effective spacing between said valve means 
and said element to control the degree of successive rota 
tional movements of said second die. 

6. In a bending machine of the character described, a 
frame, a first die slidably mounted on said frame, said 
first die having a straight die face with a straight semi 
bore therein, a second arcuate die member with a semi 
bore in its peripheral face cooperating with the straight 
semi-bore on the first die to engage tubing therebetween, 
an element connected to and movable with, said arcuate 
die member, said second die having mounted thereon a 
tube gripping clamp to maintain tubing aligned with the 
semi-bore in said arcuate die member, first hydraulic 
means actuating said gripping clamp, second hydraulic 
means for rotating said second die, and means controlled 
by pressure of fluid applied to said first hydraulic means 
for automatically assuring the operation of said first hy 
draulic means prior to operation of said second hydraulic 
means, valve means controlling the operativeness of said 
second means, said valve means being spaced a prede 
termined distance from said element in the path of move 
ment of said element and being actuated by said element 
upon rotation of said second die to a predetermined posi 
tion for disabling said rotating means, and means auto 
matically operated after disabling of said rotating means 
for altering the effective spacing between said valve 
means and said element to control the degree of succes 
sive rotational movements of said second die. 

7. In a bending machine of the character described, a 
longitudinally extending frame, a piston cylinder as 
sembly mounted on said frame for movement of said 
piston generally along the longitudinal axis of said frame, 
a rack member connected to the piston of said assembly 
and moved thereby, a shaft extending transversely of 
said frame, a gear mounted on said shaft and cooperating 
with said rack, a pair of arcuate die members with a 
semi-bore on each of their peripheral faces mounted re 
spectively on opposite ends of said shaft, tube clamping 
means mounted on each of said arcuate die members and 
adapted to clamp tubing in fixed position with respect 
thereto, a second pair of die members slidably mounted 
on said frame and having a straight plane face with a 
straight semi-bore therein each cooperating with a corre 
sponding one of said arcuate semi-bores of the respective 
arcuate dies so as to engage tubing therebetween, hy 
draulic means actuating each of said tube clamping means, 
said piston cylinder assembly being effective to rotate 
said arcuate dies, valve means mounted on said frame in 
spaced relationship to said rack for actuation thereby, 
said valve means controlling the effectiveness of said 
piston cylinder assembly to move said arcuate dies, a 
rotatable turret with different shims of different thickness 
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mounted thereon for selective interpositioning between 
said rack and said valve means, and means operated auto 
matically with movement of said rack to progressively 
move said turret to thereby interposition a different shim 
between said rack and said valve means. 
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