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Henry L. Terwiliger, Detroit, Mich., assignior to Calumes 
and Hecla, Inc., Calumet, Mich., a corporation of Michigan 

Application December 13, 1954, Serial No. 474,840 
14 Claims. (CI. 153-46) 

The present invention relates in general to a bending 
apparatus for bending rod, bar or tubing in opposite di 
rections, and finds a particular field of utility in the bend 
ing of tubing to be used in the refrigeration field where 
Serpentine and W-shaped coils requiring alternate clock 
wise and counterclockwise bends are employed. 
The invention is embodied in apparatus of the class 

having two rollers disposed at opposite sides of and with 
their axes perpendicular to the length of incoming stock 
to be bent, and positioned directly opposite each other. 
These rollers may be controlled such that during the 
bending operation they may both rotate about their own 
axis, cr alternatively, either or both of the rollers may 
be prevented from rotating about its own axis. In either 
case, the roller positioned at the side of the tube toward 
which the tube is to be bent has its axis held in a fixed 
position and thus acts as a bending die. The remaining 
roller at the opposite side of the stock is then swung or 
revolved about the axis of the roller acting as the bending 
die, thus making a bend in one direction on the stock and 
returned to its rest or idle position. Upon sufficient ad 
vancement of the stock such that the tube may be bent 
in the opposite direction, the roller which was the form 
ing die Gow becomes the bending roller, and is swung 
or revolved about the axis of the other roller which is 
now held in its rest position, thus effecting a bend in 
the opposite direction. 

During the bending operation, the tube may be clamped 
and positioned such as to prevent movement longitudinal 
ly of the incoming tube stock, thus causing the appara 
tus to act as a compression bender. Alternatively, the 
stock may be allowed to advance axially while the rollers 
are prevented from rotating on their own axes, thus caus 
ing the apparatus to perform a combined bending and 
drawing operation. It is also within the contemplation of 
the present invention to carry out the bending operation 
with the use of a retractable inandrel as is well understood 
in the art. 

it is accordingly an object of the present invention to 
provide bending apparatus fully adjustable so as to per 
form bends in opposite directions and of different desired 
radii. 

it is a further object of the present invention to pro 
vide bending apparatus of the character described in 
which the radius of curvature of bends of one hand may 
differ from the radius of curvature of bends of the op 
posite hand. 

It is a feature of the present invention to provide bend 
ing apparatus comprising a pair of rollers having lateral 
ly spaced parallel axes and means selectively operable to 
swing or revolve either of said rollers in an arcuate path 
about the axis of the other roller. 
More specifically, it is a feature of the present inven 

tion to provide a pair of rotary carriers having laterally 
spaced parallel axes, a roller on each of said carriers, 
said rollers being disposed to occupy the same plane, 
each of said rollers being located when both of said car 
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carrier but with its axis coincident to the axis of the other 
carrier. 

Other objects and features of the invention will become 
apparent as the description proceeds, especially when 
taken in conjunction with the accompanying drawings, 
wherein: 

Figure 1 is a front elevation of bending apparatus with 
parts broken away. 

Figure 2 is a fragmentary side elevational view of the 
bending apparatus shown in Figure 1. 

Figure 3 is a sectional view on the line 3-3, Fig 
ure 2. - 

Figure 4 is a fragmentary sectional view taken on the 
line 4-4, Figure 2. 

Figure 5 is a fragmentary sectional view taken on the 
line 5-5, Figure 3. 
The bending apparatus comprises a frame including a 

lower stationary base 10 and an upper stationary base 
12, the latter being held suspended above the lower base 
10 by means of a column 14 and being rigidly positioned 
by means of a vertically and forwardly extending rib 
portion 6 reinforced by triangular plates 17. In the i 
lustrated embodiment of the invention the top surface of 
the lower base it and the lower surface of the upper base 
2 are parallel and lie in horizontal planes. The column 
i4 is provided with an aperture 17a through which in 
coming stock to be bent is extended. Preferably, the in 
coming stock is located substantially midway between the 
upper and lower bases. Mounted on the top of the lower 
base 10 is a sub-base or slide 8 which is adjustable trans 
versely of the lower base 18 by means of ways indicated 
at 20. Suitable means are provided for adjusting the 
slide 18 and as herein illustrated, comprises a feed nut 
22 associated with an adjusting screw 24 mounted in the 
lower base 0 for rotation and held therein against axial 
movement. The screw 24 is provided with a hand wheel 
26. If desired, suitable means such for example as T 
bolts (not shown), may be provided to lock the slide 8 
in any desired position of adjustment. 

in like manner, an upper sub-base or slide 28 is car 
ried at the underside of the upper base 2 and is ad 
justed horizontally and in parallelism with the adjustment 
of the lower slide i3 in suitable ways indicated at 38. 
Again, adjusting means including the feed nut 32 and 
feed screw 34 is provided for effecting separate adjust 
ment of the slide 28. The slide 23 may if desired be pro 
vided with separate locking or clamping means of con 
ventional type and not illustrated herein. 
Mounted on the lower slide 8 is an upwardly project 

ing portion 36. Rotatably mounted on the projecting por 
tion 36 is a carrier or carrier plate 38 which in the illus 
trated embodiment of the invention is in the form of a 
relatively large flat gear mounted at its center for rotation 
in the portion 36 by a shaft 49. In like manner, an upper 
carrier 42 also in the form of a relatively large flat gear. 
is rotatably suspended by a shaft 44 from a downwardly 
extending projection 46 on the upper slide 28. As will 
be evident by a comparison of the figures, and particular 
ly Figures i and 3, the upper carrier 42 substantially 
overlaps the lower carrier 33 and the axes of the two 
carriers are thus laterally spaced but are parallel to each 
other. 
The lower carrier 38 is provided with a bending roller 

50. The roller 50 is carried by a shaft 52 extending 
upwardly from a slide 54 mounted for adjustment longi 
tudinally of ways 56 formed in or provided on the upper 
surface of the carrier 33. It will be observed that the 
ways 56 extend radially with respect to the axis of the 
carrier so that adjustment of the slide 54 and the roller 
59 is in effect radial of the carrier 33. 

In like manner, a second roller 58 is provided which 
extends downwardly from the upper carrier 42. The 
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rollers 50 and 58 in the illustrated embodiment of the in 
vention occupy the same horizontal plane and have their 
peripheral portions concavely formed to correspond to 
the cross-sectional shape of the stock which is to be bent. 
in the case of cylindrical tubing the cross-sectional shape 
of the concave portions of the peripheries of the rollers is 
thus arcuate. 

From the foregoing it will be observed that in the rest 
or idle position of the carriers and rollers best indicated in 
Figure 3, the axes of the carriers 38 and 42 and the axes 
of the rollers 50 and 58 all occupy the safe vertical page 
which is perpendicular to the direction of advance of the 
Stock toward the rolling station. Furthermore, it will be 
observed that the roller 50 is located eccentrically with 
respect to its carrier 38 at such a position that its axis is 
coincident with the axis of rotation of the carrier 42. In 
like manner, the roller 58, while eccentric to the axis of 
its carrier 42, has its axis coincident with the axis of ro 
tation of the carrier 38. 

Independently operable means are provided for effect 
ing rotation of the carriers 38 and 42. The lower 
carrier 38 is adapted to be rotated by an elongated rack 
60 carried by or connected to a piston rod 63 of a piston 
longitudinally reciprocable in a cylinder 64. The cyl 
inder 64 is mounted cin a plate 66 which is adjustable 
transversely on a bed 63 carried by the lower base 10. 
Any suitable means for effecting adjustment of the plate 
66 may be provided, but as illustrated herein the means 
for effecting this adjustment comprises elongated slots 
70 and clamping screws 72. 
justed to a new position, the plate 66 will be adjusted 
to a corresponding position to property locate the actu 
ating rack 65, with reference to the toothed periphery of 
the carrier 33. Suitable guide means indicated at 74 are 
provided for guiding the rack during its reciprocation and : 
for insuring its proper meshing engagement during actu 
ation with the toothed portion of the carrier 38. 
The upper carrier 42 is provided with similar actuating 

means including a rack 76 actuated by the piston and 
cylinder device indicated generally at 78 which is carried 
by a transversely adjustable plate 88. 
One operation of the bending apparatus contemplates 

clamping of the elongated stock during the bending oper 
ation so that compressive bending of the stock results. 
For this purpose there is provided a tube clamp best il 
lustrated in Figure 4, comprising a lower clamping ele 
ment 82 and an upper clamping element 84, these ele 
ments having cooperating cylindrical recesses which to 
gether define a generally circular opening 86 through 
which tubular stock such as tubing may extend. The 
lower clamping element 82 is rigidly mounted on an up 
ward extension 88 of the lower base 30. The upper 
ciamping element 84 is connected by a connecting rod 90 
to a piston 92 vertically movable in a cylinder 94 sus 
pended from the underside of the upper base 12. Thus, 
when fluid pressure is admitted to the interior of the 
cylinder 94, the upper clamping element 84 is moved 
downwardly and the recesses in the clamping elements 
are designed so as to permit firm gripping of the stock 
during the bending operation. In this operation the bend 
ing rollers are freely rotatable on their axes and the bend 
ing operation is accompanied by compression of the stock 
at the inner side of the bend. 
The upward extension 88 is provided with a forward 

extension 96 which carries a stock supporting device 
98 adapted to guide and engage, and support stock right 
up to the point where it enters the bight of the rollers. 
This device puts a restraining pressure on the portion of 
the stock just before it enters the rollers and prevents its 
being bent or sprung out of position during the bending 
operation. 

Referring now to Figure 5, there is diagrammatically 
illustrated means mounting the rollers for adjustment 
radially of their respective carriers. In this figure the 
roller 50 is shown as carried by the shaft 52 which ex 
tends upwardly from the slide 54 received in suitable 

Thus, when slide 8 is ad- : 
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4. 
ways in the carrier 38. A lock nut 100 is provided and 
is associated with a washer 102 which extends across the 
open top of the ways 56 so that when the nut 100 is 
tightened down, the slide 54 is locked against movement 
in the ways. The roller 50 may be freely rotatable on 
its shaft 52 but may for certain operations be locked 
against rotation thereon by tightening down the nut 104. 
From the foregoing description it is believed the oper 

ation of the apparatus is clearly evident. Elongated 
Stock, Such for example as tubing, is advanced longi 
tudinally of the machine through the opening defined by 
the clamping elements 82 and 84 and through the guid 
ing surface of the device 98 into the space between the 
rollers 50 and 58. Sufficient stock is extended through 
the space between the rollers to bring the portion to be 
bent into this space. Thereafter, the stock may be bent 
either clockwise or counterclockwise by rotating the 
selected one of the carriers 38 and 42. It will be ap 
preciated that during the bending operation, one of the 
rollers remains fixed and locked in its idle or rest posi 
tion and operates as the die while the other roller is 
swung or revolved in an arc about the stationary roller to 
bend the stock. The roller which was swung in the arc 
is then returned to its rest or idle position and the stock 
is further advanced to bring the next zone to be bent 
into position. At this time the other carrier is actuated 
in working and return strokes and will bend the tubing 
in the opposite direction. 
As previously indicated, the bending operation may be 

either compressive bending or bending accompanied by 
drawing, depending upon whether the tube is clamped 
by the clamping elements 82 and 84, or is left free and 
the rollers 50 and 58 are locked against rotation. 

In the embodiment of the invention illustrated it will 
of course be apparent that a curvature equal to the effec 
tive radius of the two rollers 50 and 58 will be imparted 
to the stock. However, this radius may be quickly 
changed by employing different rollers which of course 
requires adjustment of the carriers to bring the peripheral 
portions of the rollers into adjacency and this of course 
also requires adjustment of the cylinders 64 and 78. 
The present invention also permits bending to differ 

ent radii in opposite directions. Thus for example, the 
two rollers 50 and 58 need not be of the same radius so 
long as they are in proper juxtaposition and each is 
located with its axis coincident with the axis of rotation 
of the carrier member for the other roller. 

It will be apparent that tubing or other elongated stock 
may be rapidly and accurately bent to irregular configura 
tions, such for example as W formation, serpentine for 
mation, and the like. The operation involves simply 
feeding predetermined lengths of stock through the roll 
ers, followed by actuation of the cylinders 64 and 78 in 
the required sequence. In any case, each cylinder will 
have fluid admitted thereto to effect a working and re 
turn rotation of the associated carrier to move the roller 
carried thereby from its rest position in a bending stroke 
in an arc concentric with the axis of the other roller and 
return, 
The drawings and the foregoing specification consti 

tute a description of the improved bending apparatus in 
such full, clear, concise and exact terms as to enable 
any person skilled in the art to practice the invention, the 
scope of which is indicated by the appended claims. 
What I claim as my invention is: 
1. Bending apparatus comprising a pair of roller car 

riers, means mounting said roller carriers for rotation 
from a rest position about spaced parallel axes, a roller 
on each of said carriers, said rollers having their axes 
parallel to each other and to the axes of rotation of said 
carriers, each of said rollers being located eccentrically 
of its own carrier but with its axis coincident with the 
axis of rotation of the other carrier when said carriers 
are in rest position. 

2. Bending apparatus comprising a pair of roller car 
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riers, means mounting said roller carriers for rotation 
from a rest position about spaced parallel axes, a roller on 
each of said carriers, said rollers having their axes parallel 
to each other and to the axes of rotation of said carriers, 
each of said rollers being located eccentrically of its 
own carrier but with its axis coincident with the axis of 
rotation of the other carrier when said carriers are in 
rest position, and separately operable means for rotating 
each of said carriers from rest position and return to form 
opposite bends in elongated stock. 

3. Bending apparatus comprising a pair of roller car 
riers, means mounting said roller carriers for rotation 
from a rest position about spaced parallel axes, a roller 
on each of said carriers, said rollers having their axes 
parallel to each other and to the axes of rotation of said 
carriers, each of said rollers being located eccentrically 
of its own carrier but with its axis coincident with the 
axis of rotation of the other carrier when said carriers 
are in rest position, means for advancing elongated stock 
into the bight of said rollers along a path perpendicular 
to the line joining the axes of said rollers when in rest 
position, and separately operable means for rotating each 
of said carriers from a rest position and return to form 
opposite bends in elongated stock. 

4. Bending apparatus comprising a pair of rotary car 
riers having spaced parallel axes of rotation, means for 
adjusting the spacing between said axes, a bending roller 
on each of said carriers having an axis of rotation spaced 
from but parallel to the axis of rotation of its own car 
rier and coincident with the axis of rotation of said other 
carrier in a rest position in which all of said axes are 
coplanar, whereby rotation of either carrier from rest 
position will swing the roller carried thereby about the 
axis of the other roller to bend stock between said rollers 
in opposite directions. 

5. Bending apparatus comprising a pair of rotary car 
riers having spaced parallel axes of rotation, means for 
adjusting the spacing between said axes, a bending roller 
adjustably mounted on each of said carriers having an 
axis of rotation spaced from but parallel to the axis of 
rotation of its own carrier and coincident with the axis 
of rotation of said other carrier in a rest position in 
which all of said axes are coplanar, whereby rotation 
of either carrier from rest position will swing the roller 
carried thereby about the axis of the other roller to bend 
stock between said rollers in opposite direction. 

6. Bending apparatus comprising a pair of rotary car 
riers having spaced parallel axes of rotation, means for 
adjusting the spacing between said axes, a bending roller 
radially adjustable on each of said carriers having an 
axis of rotation spaced from but parallel to the axis of 
rotation of its own carrier and coincident with the axis 
of rotation of said other carrier in a rest position in 
which all of said axes are coplanar, whereby rotation of 
either carrier from rest position will swing the roller car 
ried thereby about the axis of the other roller to bend 
stock between said rollers in opposite directions. 

7. Bending apparatus comprising a pair of rotary car 
riers having spaced parallel axes of rotation, means for 
adjusting the spacing between said axes, a bending roller 

O 

6 
on each of said carriers having an axis of rotation spaced 
from but parallel to the axis of rotation of its own car 
rier and coincident with the axis of rotation of said 
other carrier in a rest position in which all of said axes 
are coplanar, and selectively operable power means for 
rotating said carriers from and back to a rest position 
in which all of said axes are coplanar. 

8. Apparatus as defined in claim 7 in which said car 
riers are in the form of flat gears, and said power means 
includes racks meshed therewith. 

9. Apparatus as defined in claim 7 which comprises 
selectively operable means for locking said rollers to 
said carriers to prevent rotation of said rollers thereon. 

i0. Bending apparatus comprising means for guiding 
stock along a straight path, fixed bases at opposite sides 
of said path, a slide on each of said bases, a rotatable 
carrier on each of said slides, means mounting said car 
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riers on said slides for rotation with respect thereto about 
parallel axes occupying a plane perpendicular to said path, 
means mounting said slides on said bases for independent 
rectilinear adjustment in said plane and perpendicular 
to the axes of said carriers, and a circular bending ele 
ment on each of said carriers having its axis parallel to 
but spaced from the axis of the carrier on which it is 
mounted by a radial distance equal to the spacing be 
tween the axes of said carriers, whereby in rest position 
the axis of the bending element on each of said carriers 
is coincident with the axis of the other of said carriers. 

11. Apparatus as defined in claim 10 which comprises 
means for adjusting each of said elements on its carrier 
radially of the axis of its carrier. 

12. Apparatus as defined in claim 10 which comprises 
selectively operable power means for rotating either of 
said carriers while maintaining the other of said carriers 
fixed against rotation. 

13. Bending apparatus comprising a pair of carriers, 
means mounting said carriers for rotation from a rest 
position about spaced parallel axes, a peripherally grooved 
circular bending element on each of said carriers, said 
elements having their axes parallel to each other and the 
axes of rotation of said carriers, each of said elements 
being located eccentrically of its own carrier by an amount 
equal to the spacing between the axes of said carriers 
and with its axis coincident with the axis of rotation 
of the other carrier when said carriers are in rest position. 

14. Bending apparatus as defined in claim 13 which 
comprises means for effecting independent adjustment 
of said carriers in the plane containing their axes and in 
directions in such plane perpendicular to their axes, and 
means for effecting independent adjustment of said ele 
ments radially of their respective carriers. 
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