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Patented Apr. 2, 1963 United States Patent Office 

3,083,753 
TURE ENDING APPARATUS 

Neisola E. Rice, North Canton, Ohio, assignor to Macon 
ber, acorporated, Canton, Ohio, a corporation of Ohio 

Fied July 24, 1969, Ser. No. 42,838 
15 Claims. (C. 153-48) 

The invention relates to apparatus for bending tubes, 
rods, bars and the like, and more particularly to appara 
tus especially designed for bending a steel tube reversely 
to form a successive series of oppositely directed V's, to 
form the web portion of the well known Macomber fab 
ricated steel joist, beam, girder and the like, of the gener 
all type disclosed in Macomber Patent No. 2,457,250, is 
sued December 28, 1948. 

In the manufacture of such fabricated steel structural 
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members, a zig-zag or reversely bent web, member is 
welded at alternate bends to top and bottom chord mem 
bers to form the fabricated joist or the like, these points 
of welding being coincident with the panel points of the 
joist or other fabricated structural member. 

20 

This necessitates uniform bending of the web member 
throughout its entire length. Under present practice, 
this bending of the web members is performed manual 
ly, which is a slow, tedious, and expensive operation. As 
such fabricated structural members are made in lengths 
up to sixty feet, the web member, is very difficult to han 
dle after the first few bends have been formed therein, 
and it is very difficult to maintain uniform bends through 
out the length of the web member. 

Furthermore, tubes have now generally been substi 
tuted for solid rods or bars in the manufacture of such 
reversely bent web members, in order to obtain the ad 
vantages of decreased weight and increased strength. 
With the present practice of manual bending, it is diffi 
cult to properly bend the tubes without collapsing them 
-at the points where they are bent. 

Also, owing to the inherent resilience in steel tubing 
and the like there is a natural tendency for the same to 
spring back slightly after being bent to zig-zag form as 
required for web members for fabricated joists and the 
like. This makes it difficult to properly locate the bends 
at panel points of the joist. 

It is, therefore, an object of the invention to provide 
apparatus for bending tubular web members which over 
comes the disadvantages and difficulties of present prac 
tice. 

Another object of the invention is to provide apparatus 
for continuously bending longitudinally moving steel tub 
ing as it passes out of the tube mill, to form reversely 
bent tubular, web members of any desired or necessary 
length. 
A further object of the invention is to provide appa 

ratus for forming uniformly spaced reverse V-shape bends 
in a tube and subsequently setting each end to prevent 
any spring back, so as to maintain uniform spacing in 
the finished web member to properly locate the bends at 
panel points in the joist or the like. 
A still further object is to provide apparatus for re 

versely bending tubing without undesirable collapsing of 
the tube at the bends. 
Another object of the invention is to provide appara 

tus of the character referred to which bends the tube or 
bar under tension during the bending operation so that 
it is stretched as it is bent, thus tending to set the V 
shape bends in the tube or bar. 
A further object of the invention is to provide such 

apparatus in which the previously bent tube or bar is fur 
ther, stretched to slightly beyond the yield point of 
the metal, during the setting operation, so as to positive 
ly set the V-shape bends and prevent any spring-back. 

It is also an object of the invention to provide appara 
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tus comprising bending dies and setting dies, with fluid 
cylinder means for operating the dies, and trip switches 
operated by the continuously moving tube for automati 
cally operating solenoid valves for actuating the fluid cyl 
inder means to continuously form reversely bent tubular 
Web members for fabricating steel structural members. 
The above and other objects, apparent from the draw 

ings and following description, may be attained, the above 
described difficulties overcome and the advantages and 
:results obtained by the apparatus, construction, arrange 
iment and combinations, subcombinations and parts which 
: comprise the present invention, a preferred embodiment 
of which, illustrative of the best mode in which appli 
{cant has contemplated applying the principle, being set 
forth in detail in the following description and illustrated 
in the accompanying drawings. 

In general terms the invention may be briefly described 
as comprising, an apparatus located at the exit end of 
a tube. mill for continuously reversely bending the mov 
?ing tube as it passes out of the tube mill, to form a tu 
ibular.web member bent reversely to provide a successive 
series of oppositely directed bends or V's. 

The apparatus includes a frame having three slide 
'members mounted thereon for horizontal sliding move 
ment relative to the frame and to each other, pneumatic 
cylinder means for-moving said slide members horizon 
tally, clamping die means on the first slide member, ver 
tically movable bending die means on the second slide 
member and two upper and one lower holding and set 
ting die means on the third slide member. 

Hydraulic cylinder-operated toggle levers are provided 
for operating the clamping die means for clamping a 
portion of the moving tube thereon, so that the first slide 
smember will move in unison with the moving tube. A 
hydraulic cylinder is carried upon the second slide mem 
ber for moving the bending die thereon transversely of 
the path of the moving tube to form V-shape bends in the 
tube at uniformly spaced intervals, between the clamping 
die means on the first slide member and the first of the 
upper holding and setting die means on the third slide 
member. 

Other hydraulic cylinder-operated toggle levers are pro 
vided upon the third slide member for operating the hold 
ing and setting die means thereon for clamping and hold 
ing a previously bent portion of the tube therein to set 
the bends in the tube. 
The clamping die means upon the first slide member 

comprises a pair of die blocks movable toward and from 
each other, having in their opposed faces straight grooves 
of rounded cross section to receive and clamp a portion 
of the moving tube therebetween. 

For the purpose of preventing the tube from being 
deformed or pressed out-of-round at this point, the groove 
in one of the clamping members, preferably the lower 
member, is completely semi-circular in cross section so 
as to support the sides of the tube against distortion un 
der pressure by the other member. 
A circular bending die is mounted upon the first slide 

member beyond the clamping die means thereon, and 
provided with a circular groove receiving the underside 
of the tube. When the vertically movable bending die 
on the second slide member is moved downwardly to 
form a V-shape bend therein, reverse bends are formed 
in the tube or bar as it is bent down over this bending 
die on the first slide member and over the first upper 
holding and setting die on the third slide member. 

During this bending operation, the tube or bar is in 
tension due to the resistance of the pneumatic cylinders 
to lateral movement of the first and third slide members 
toward the central slide member. The tube or bar is 
thus stretched as it is bent, tending to set the bend 
therein. 
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Each of the upper setting die means on the third slide 
member comprises a die block having a groove therein 
shaped to fit the corresponding bend in the tube, said 
die blocks being movable vertically upward away from 
the path of the moving tube by means of hydraulic cyl 
inder-operated toggle levers. 
Each of the upper holding and setting die means also 

includes a circular die with circular grooves therein for 
engaging the undersides of the corresponding bends in the 
tubes and means is provided for moving the same down 
wardly and backwardly away from the path of the mov 
ing tube. 

This means preferably comprises cam plates having 
downwardly and rearwardly inclined arcuate cam slots 
therein engaged by rollers upon the blocks, upon which 
said circular die members are mounted. 
The lower holding and setting die means on the third 

slide member is of a similar construction excepting that 
the parts are reversed. The die block having the groove 
setting the bend in the tube is movable downward away 
from the tube by means of hydraulic cylinder-operated 
toggle levers and the circular die block with circular 
groove therein is movable upward and backward by means 
of cam plates having upwardly and rearwardly disposed 
arcuate cam slots therein engaged by rollers upon the 
block, upon which the circular die is mounted. 
The lower setting die is so located with relation to the 

upper setting dies or the third slide member that the pre 
viously bent portion of the tube or bar is further stretched 
during the setting operation, the metal being stretched 
sightly beyond the yield point, so that the bends are posi 
tively set. 
The operation of the apparatus is continuous, the vari 

ous pneumatic and hydraulic cylinders which operate the 
slide members and the several die members being auto 
matically actuated at predetermined times through the 
operation of valves controlled by microswitches actuated 
by the moving tube to form and set successive V-shape 
bends in the continuously moving tube as it is received 
from the tube mill and progressed through the machine. 

Having thus briefly described the invention, reference 
is now made to the accompanying drawings illustrating a 
preferred embodiment of the invention, in which; 

FIG. 1 is a side elevation of the improved tube-bending 
apparatus to which the invention pertains, showing the 
bending mechanism in position to form the bend in a tube 
and showing a previously formed bend clamped in the 
holding and setting die means, the horizontally movable 
slide members being separated from each other upon the 
frame; - 

FIG. 2 is a view similar to FIG. 1 showing cylinder 
operating bending dies on the second slide member rolled 
to form the next succeeding bend in the tube, the slide 
members being located closely adjacent to each other; 

FIG. 3 is an enlarged end view of the apparatus look 
ing toward the right hand end thereof as shown in FIG. 1; 

FIG. 4 is an enlarged transverse vertical sectional view 
through the apparatus taken as on the line 4-4, FIG. 1; 

FIG. 5 is an enlarged fragmentary transverse sectional 
view showing the clamping die means on the first slide 
member and the hydraulic cylinder-operated toggle lever 
for actuating the same, taken on the line 5-5, FIG. 1; 

FIG. 6 is an enlarged perspective view of one of the 
cam-operated die blocks on the third slide member; 

FIG. 7 is an enlarged transverse vertical sectional view 
through the second slide member showing the vertically 
movable cylinder-operated bending die, taken on the line 
7-7, FIG. 1; 

FIG. 8 is an enlarged transverse sectional view through 
the apparatus showing the first slide member and the 
clamping bending die means thereon and the cylinder 
operated toggle levers for actuating the same, taken on 
the line 8-8, FIG. 1; 

FIG. 9 is an enlarged fragmentary horizontal sectional 
view through one end portion of the apparatus and 
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4. 
through the first slide member, taken on the line 9-9, 
FIG. 1; 
FIG. 10 is an enlarged fragmentary horizontal sectional 

view through the second slide member, taken on the line 
10-0, FIG. 1; . 

FIG. 11 is an enlarged horizontal sectional view through 
the third slide member, taken on the line A-1, FIG. 1; 

FIG. 12 is an enlarged fragmentary vertical sectional 
view through the upper guide means for the slide mem 
bers, taken as on the line S2-12, FIG. 1; 

FIG. 13 is a similar section through the lower guide 
means for the slide members, taken as on the line 3-13, 
FIG. 1; 

FIG. 14 is an enlarged fragmentary longitudinal sec 
tional view showing the roller bearing for one of the slid 
ing members, taken on the line 4-14, FIG. 13; 

FIG. 15 is an enlarged fragmentary sectional elevation 
of the clamping die means on the first sliding member; 

FIG. 16 is an enlarged fragmentary sectional elevation 
of the upper member of the first upper holding and set 
ting die means on the third slide member; 

FIG. 17 is an enlarged fragmentary sectional elevation 
of the lower member of the lower holding and setting die 
means on the third slide member; 

FIG. 18 is an enlarged fragmentary sectional elevation 
of the upper member of the second upper holding and 
Setting die means; 

FIG. 19 is an electrical wiring diagram showing the 
various switches which control the continuous automatic 
operation of the apparatus; 

FIG. 20 is a diagrammatic view of the pneumatic sys 
ten including the pneumatic cylinders which operate the 
slide members and the valves which actuate the cylinders; 
and 

FIG. 21 is a diagrammatic view of the hydraulic sys 
ten showing the hydraulic cylinders which operate the 
clamping die means, the bending die means and the hold 
ing and setting die means and the solenoid-operated 
valves which actuate the same. 

Referring now more particularly to the embodiment of 
the invention illustrated in the drawings, in which similar 
numerals refer to similar parts throughout, the apparatus 
as best shown in FIGS. 1 and 2, is mounted upon a frame 
comprising generally the base member i, the vertically 
disposed end members 2 and 3 and the upper member 4, 
each of which may be in the form of H-beams, wide flange 
I-beams, or the like. 
Three horizontally movable slide members, indicated 

generally at 5, 6 and 7, are mounted for relative move 
ment toward and from each other upon the frame. For 
this purpose, longitudinally disposed Ways 8 and 9 are 
mounted upon the top of the base member 1 and on the 
underside of the top member 4, respectively. 

Bearing members 10 and 41 are mounted upon the 
lower and upper ends respectively of the slide members 
5, 6 and 7 for rolling engagement upon the ways 8 and 9, 
respectively. These bearing members, which are illus. 
trated in FIGS. 12, 13 and 14, have anti-friction rollers 
12 which travel in a closed circuit and engage the ways 
8 and 9 respectively. 

Since these bearing members are of usual and well 
known construction, and in themselves form no part of 
the present invention excepting to provide anti-friction 
means for moving the slide members 5, 6 and 7 upon 
the Ways 8 and 9, it should be understood that any other 
Suitable anti-friction means may be substituted therefor. 

In actual practice, the apparatus is positioned with the 
end member 2 of the frame adjacent to the discharge end 
cf the tube mill, as indicated at 13 in FIGS. 1 and 2, and 
is so disposed that the tube 14, as it emerges from the tube 
mill, will move longitudinally through the apparatus in 
the direction of the arrows shown in FIGS. 1 and 2. 
A tube guide 5 may be mounted upon the end frame 

member 2, through which the continuously moving tube 
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14 is guided to the clamping die means upon the first 
slide member 5, as will be later described in detail. 
The clamping die means comprises the upper stationary 

die 6 and the lower movable die 17. The upper die 
16 is attached to the stationary die holder 18, as by the 
cap screws 19. The die holder 18 is rigidly attached to 
the first side member 5 as by the cap screws 20. 
A straight groove 21, disposed longitudinally of the 

path of the moving tube 14 and arcuate in cross section, 
is formed in the lower edge of the stationary clamping 
die 16, as best shown in FIG. 15. The lower or movable 
clamping die 17 is attached to the movable die holder 22 
as by cap screws 23. 
The die holder 22 is vertically slidably mounted in the 

gibs 24 upon the slide member 5. A straight groove 25 
is formed in the upper surface of the movable die 17, 
as best shown in FIG. 15, this groove being of complete 
semi-circular shape in cross section so as to support the 
tube entirely around the under half of its center in order 
to prevent the tube from being distorted out-of-round 
when clamped between the dies 16 and 17. 
A die 26 is mounted upon the slide member 5 just 

beyond the clamping die and is preferably movable ver 
tically upon the slide member 5 toward and from the 
underside of the tube 4. The die 26 is circular. and, 
as best shown in FIGS. 8 and 9, is provided with an 
annular groove 27 adapted to receive the underside of 
the tube. 4. 

This die is mounted upon the die holder 28 which is 
vertically movable in the gibs. 24' and 29 fixed upon the 
slide member 5. The circular die 26 is adjustably 
mounted upon the vertically movable die holder 28, as 
by the bolts 39, whereby it may be rotatably adjusted 
from time to time as the portion of the groove 27 therein 
becomes worn. A back-up insert.block 31 is mounted 
upon the vertically movable die holder 28 and provided 
with the arcuate upper surface 32 which receives the 
lower side of the circular die 26. 

For the purpose of vertically moving the lower clamp 
ing die 7 and the circular die 26 toward and from the 
path of the moving tube 14, two pairs of toggle levers 
are provided, as indicated generally at 33 and 34 respec 
tively. 
The toggle levers 33 are pivotally connected at their 

upper ends to the vertically movable die holder 22, as 
indicated at 35, and at their lower ends to the slide block 
36 vertically adjustable within the gibs.37 upon the slide 
member 5 and adapted to be adjusted by the adjusting 
screw 33. The toggle levers 33 and 34 are pivotally 
connected to the pin 39 which is mounted perpendicularly 
upon the end of the piston rod 40 of the hydraulic cylin 
der 43, as shown in FIG. 8. 

In order to provide for a slight lag in the opening of 
the clamping dies 6-7 until after the circular die 26 
has started to move downward away from the tube 14, 
the inner ends of the toggle levers 33 are provided with 
elongated slots 42 which receive the pin 39 carried by 
the piston rod 40, as shown in FIG. 5. 
A vertically disposed hydraulic cylinder 43 is mounted 

upon an extension 44 at the top of the second slide 
member 6, as best shown in FIGS. 1, 2 and 7. This is 
the main bending cylinder of the machine which operates 
the bending die which forms V-shape bends in the tube 
as will be later described. 
The piston rod 45 is disposed downwardly from the 

cylinder 43 and, as best shown in FIG. 7, is threaded, 
as indicated at 46, into the vertically slidable die block 
47 slidably mounted within the vertical gibs 48 upon 
the slide member 6. 
The circular bending die 49 provided with annular 

groove 59 therein is mounted upon the die block 47. 
In order that the die 49 may be rotatably adjusted to 
compensate for wear in the groove 50, it is mounted upon 
the block 47 by the bolt 51. A back-up insert block 52 
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6 
is mounted upon the die block 47 between the bending 
die 49 and the overhanging shoulder 53 of the block 47. 
For the purpose of limiting the downward movement 

of the bending die 49, a stop block 54 is mounted upon 
the slide member 6 at a point near the lower end thereof. 
In order to provide for forming bends of various depths 
in the tube, the stop block 54 is shown as vertically ad 
justably mounted in the gibs 48, and an adjusting screw 
55, threaded through the back-up block 56, which is 
rigidly attached to the slide member 6, contacts the lower 
surface of the stop block 54, whereby the stop block 
may be vertically adjusted in the gibs. 
Spaced pairs of vertically disposed guide rods 57 are 

carried by the slide member 6 on opposite sides of the 
gibs' 48. The guide rods 57 are connected at their upper 
and lower ends to brackets 58 rigidly mounted upon the 
slide member 6. The guide rods 57 are so spaced as to 
guide the tube 14 therebetween during the bending opera 
tion. 
The third slide member, indicated generally at 7, is 

equipped with holding and setting die means for setting 
the bends in the tube immediately subsequent to the 
forming of the bends by the bending die mechanism on 
the slide 6. This holding and setting die means com 
prises two similar upper setting die means spaced apart 
horizontally in the longitudinal path of the tube and 
indicated generally at 59 and 59, and lower setting die 
means indicated generally at 60 and located midway 
between and at a point below the upper setting die means 
59 and 59. 
The lower setting die means 60 is so located relative 

to the upper setting die means 59 and 59 that the bent 
portion of the tube or rod will be further stretched in 
the setting operation, stretching the metal slightly beyond 
the yield point so as to positively set the bends therein. 
The first upper holding and setting die means, indi 

cated generally at 59, includes the upper die '61, shown 
in detail in FIG. 16, and the lower circular die 62. The 
upper die 61 has a groove 63 in its lower surface which 
is arcuate in cross section to conform to the curvature 
of the tube. 
The groove 63 has the straight portion 64 extending 

from the left side of the die to the center thereof and 
terminating in the downwardly curved portion 65 con 
forming to the bend in the tube which has previously 
been made around the circular die 26. 
The die 61 is rigidly connected, as by screw 66, to the 

back-up block 67 which is vertically slidably mounted 
within the gibs 68 upon the slide member 7. Toggle 
levers 69 are pivotally connected at their lower ends as 
at 70 to the back-up block 67 and are pivotally con 
nected at their upper ends as at 71 to a block 72 mounted 
in the gibs'68. 
The block 72 may be vertically adjusted in the gibs 68 

by means of an adjusting screw 73 located through an 
internally threaded flange 74 rigidly mounted upon the 
slide member 7, lock nuts 75 being provided thereon for 
holding the block 72 in adjusted position. 
The toggle levers 69 are pivotally connected at their 

inner ends to a pin 76 carried by the piston rod 77 of 
a hydraulic cylinder 78. This hydraulic cylinder is indi 
cated on the diagrammatic view of the hydraulic system 
shown in FIG. 21 and is exactly like the hydraulic cylin 
der 78 for the second upper holding and setting die 
E. 59 shown in FIG. 3 and hereinafter described in 
detail. 

The circular die 62 is provided with an annular groove, 
Such as the dies 26, and 49 above described, and is 
rotatably adjustably mounted upon the die block 79 by 
the screw 80. A back-up insert block 81 is mounted 
on the die block 79 contacting the undersurface of the 
circular die 62. 
The die block 79 is adapted to be moved downwardly 

and rearwardly to move the die 62 out of the path of 
the moving tube. For this purpose rollers 82 are pro 



3,083,753 
7 

vided on the die block 79 for engagement in cam slots 
in the cam plates 83. 
The rollers 82, cam plates 83 and cam slots therein 

are identical with the rollers 82, cam plates 83' and can 
slots 84 for the second upper holding and setting, die 
means 59' as illustrated in FIG. 3. 
The second upper holding and feeding die means, in 

dicated generally at 59', includes the upper die 61", shown 
in detail in FIG. 18, and the lower circular die 62'. The 
upper die 61 has an arcuate groove 63 in its lower sur 
face, which is arcuate in cross section to conform to the 
curvature of the tube and curved longitudinally to con 
form to the bend in the tube which has previously been 
made around the circular die 62 during the bending opera 
tion. 
The die 61' is rigidly connected, as by screws 66', to the 

back-up block 67 which is vertically slidably mounted 
within the gibs 68' upon the slide member 7. Toggle 
levers 69' are pivotally connected at their lower ends, 
as at 70, to the back-up block 67 and are pivotally con 
nected at their upper ends, as at 71", to a block 72 
mounted in the gibs 68'. 
The block 72 may be vertically adjusted in the gibs 

68' by means of an adjusting screw 73' located through 
an internally threaded flange 74' rigidly mounted upon 
the slide member 7, lock nuts 75' being provided there 
for for holding the block 72 in adjusted position. 
The toggle levers 69' are connected at their inner ends 

to a pin 76 carried by the piston rod 77 of a hydraulic 
cylinder. 78. This hydraulic cylinder is indicated on the 
diagrammatic view of the hydraulic system shown in 
FIG. 21, and the hydraulic cylinder 78 for the first upper 
holding and setting die means 59, above referred to, is 
of exactly the same construction and arrangement. 
The circular die 62' is provided with an annular groove 

62a and is rotatably adjustably mounted upon the die 
block 79 by the screw 80'. A back-up insert block 31' 
is mounted on the die block 79 contacting the undersur 
face of the circular die 62'. 
The die block 79' is adapted to be moved downwardly 

and rearwardly to move the die 62 out of the path of the 
moving tube. For this purpose, rollers 82 are provided 
on the die block 79 for engagement in the cam slots 84' 
in the cam plates 83. 

In order to move the die block 79 downwardly and 
rearwardly so that the rollers 82 thereon will travel 
through the cam slots 84 in the camplates 83, the piston 
rod 86 of the cylinder 85’ is pivotally connected as at 87 
to one end of a lever 88' which is fulcrumed intermediate 
its ends upon the slide member 7, as indicated at 89. 
The other end of the lever 88" is bifurcated and pivot 

ally connected, as at 89a, to the depending arm 90' of the 
die block 79'. This construction is shown in FIG. 3. 
The die block 79 of the holding and setting die means 59 
is similarly operated, the depending arm 90 thereof being 
pivotally connected as at 89 to the adjacent end of a lever 
88, identical with the lever 88', which is connected at 87 
to the piston rod 86 of the hydraulic cylinder 85 above 
referred to, as shown in FIG. 21. 
The lower holding and setting die means, indicated 

generally at 60, is mounted for vertical adjustment upon 
the slide member 7 in order to provide for the Setting of 
bends of various depth which may be formed in the tube 
by the bending dies. 

For this purpose, the vertical central portion of the 
side member 7 is cut out as shown at 9 in FIGS. 1, 2 
and 4, and the holding and setting die means, indicated 
generally at 60, is carried by a slide 92 vertically slidable 
within the gibs 93 at opposite sides of the cut-out 91. 
A hydraulic cylinder 94 is mounted upon the exten 

sion 95 at the upper end of the slide member 7 and the 
piston rod 96 thereof is connected to the side 92. It 
should be understood that the hydraulic cylinder 94 is 
not located in the hydraulic system shown in FIG. 21 
and is not automatically controlled, but may be manually 
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8 
controlled for the purpose of vertically adjusting the en 
tire holding and setting die mechanism 6 in order to 
vertically adjust the same to set bends of various depths 
in the tube. 
The holding and setting die mechanism, indicated gen 

erally at 60, carried by the slide 92, is the same as the 
upper holding and setting die mechanism indicated gen 
erally at 59 and 59' and described in detail above, with 
the exception that the parts are reversed. 

This mechanism. as best shown in F.G. 4, includes the 
lower die 6', shown in detail in FIG. 17, and the upper 
circular die 62' having the annular groove 62b therein. 
The lower die 61' has a groove 63' in its upper surface 
which is arcuate in cross section and curved to conform 
to the bend in the tube previously formed by the bend 
ing die 49. 
The die 61' is rigidly connected, as by screws 66', to 

the back-up block 67' slidably mounted within the gibs 
68' upon the slide 92. Toggle levers 69' are pivotally 
connected at their upper ends, as at 70', to the back-up 
block 67' and are pivotally connected at their lower ends, 
as at 7', to a block 72' mounted in the gibs 68'. 
The biock 72' may be vertically adjusted in the gibs 

68' by means of an adjusting screw 73' located through 
the internally threaded flange 74' rigidly mounted upon 
the side 92, lock nuts 75' being provided thereon for 
holding the block 72' in adjusted position. 
The toggle levers 69' are pivotally connected at their 

inner ends to a pin 76' carried by the piston rod 77' of 
the hydraulic cylinder 78'. The circular die block 62' 
is rotatably adjustably mounted upon the die block 79' 
by a screw 80'. A back-up insert block 81'' is mounted 
on the die block 79' for contacting the upper surface of 
the circular die 62'. 
The die block 79' is identically the same as the die 

blocks 79 and 79 above described excepting that it is in 
verted. This block is adapted to be moved upwardly and 
rearwardly out of the path of the moving tube in the 
same manner that the die blocks 79 and 79' are moved 
downwardly and rearwardly out of the path of the tube. 
For this purpose, rollers 32' are provided on opposite 
sides of the die block 79' for engagement in the can 
slots 84' in the cam plates 83'. 

For the purpose of moving the die block 79' through 
the cam slots in the cam plates, a hydraulic cylinder 35' 
is provided which is similar to the cylinders 85 and 85’ 
excepting that it is inverted. The piston rod 86' of this 
cylinder is pivotally connected at 87' to the adjacent end 
of the lever 88' fulcrumed intermediate its ends as indi 
cated at 89'. The other end of the lever 88' is bifur 
cated and pivotally connected as at 89a' to the upwardly 
disposed arm 90' of the die block 79'. 
Spaced pairs of guide rods 57, similar to the guide 

rods 57 on the slide member 6, are located at opposite 
sides of the slide member 7 for guiding the tube there 
through. These guide rods are connected at their upper 
and lower ends to the brackets 58' rigidly attached to the 
slide member 7. 

For the purpose of separating the slide members 5, 6 
and 7 after each bending operation, a plurality of pileu 
matic cylinders are provided as shown in FiGS. 1, 2, 9, 
10 and 20. The cylinder E00 is rigidly attached to the 
frame of the apparatus at the left hand end thereof, as 
viewed in FIGS. 1 and 2, and the piston rod 101 thereof 
is connected at 102 to the adjacent side of the first slide 
member 5. 
The pneumatic cylinder 103 is mounted upon the back 

of the slide member 5 and the piston rod (4 thereof 
is connected at i85 to the second slide member 6. The 
cylinder 107 is mounted upon the back of the slide mem 
ber 6 and the piston rod 108 thereof is connected at i9 
to the third slide member 7. 

Reference is now made to the hydraulic system shown 
diagrammatically in FEG. 21. The motor 15 drives the 
pump 116 having inlet pipe 117 leading from the oil 
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reservoir 118, a strainer 119 preferably being provided 
thereon. 
The discharge or pressure pipe 120 leads from the dis 

charge side of the pump to the four-way solenoid-operated 
valve 121. A check valve 122 is located in the pipe 120 
to permit flow therethrough only in the direction of the 
arrow, and a relief valve 123 is located in the pipe 120 
between the pump and the check valve. 122. 
An oil return pipe 124 leads from the four-way valve 

121 to the reservoir 118. The four-way valve 121 is 
connected by the pipe 125 with a pipe 126 which leads to 
one end of the cylinder 41, and to the corresponding end 
of the cylinder 78' and which is connected by pipes 127 
and 128 to the corresponding ends of the cylinders 78 and 
78'. 
The other end of the cylinder. 41 is connected to the 

four-way valve 121 by a pipe 129. and the other ends of 
the cylinders 78, 78 and 78' communicate with the pipe 
130 which communicates with the four-way valve 121 
through the pipe 131. 

Pipe 132 communicates with the pump discharge pipe 
120 and is provided with a check valve 133 which permits 
flow only in the direction of the arrow. The pipe 132 is 
connected to the solenoid-operated four-way valve 134 
and a return pipe 135 leads from the valve 34 to the reser 
voir 118. 
The pipe 136 leads from the valve 134 to one end of the 

main bending cylinder 43 and the other end of the cylinder 
43 is connected to the valve 134 by pipe, 137. A usual 
construction of sequence valve 138 is located in the pipe 
126, and the pipe 39 is connected to the sequence valve 
and leads to one end of each of the cylinders 85,85 and 
85'. The other ends of these three cylinders are connect 
ed to the four-way valve 121 through the pipes. 131...and 
129. A pressure gauge 140 and a normally open pres 
sure switch 141, are located in the pipe. 139 between the 
sequence valve 138 and the cylinders 85, 85 and 85'. 
The four-way valve 21 may be of any usual and suit 

able construction of four-way valve adapted to be oper 
ated to one position by the solenoid 12-A to connect the 
oil pressure pipe 120 to the pipe 125, and the return pipe 
124 to the pipe 129, and to be operated to the other posi 
tion by the solenoid 121-B to connect the pipe 120 to the 
pipe 129 and the return pipe 24 to the pipe E25. 
With this construction, when the solenoid 121-A is 

energized the four-way valve is operated to position to 
admit oil under pressure to the cylinders 41, 78, 78' and 
78' behind the pistons so as to extend the same and to con 
nect the other end of the cylinders with the oil return 
line. 
When the solenoid 121-B is energized to operate the 

four-way valve 121 to the other position, oil under pres 
sure is admitted to the cylinders 41, 78, 78 and 78' in 
front of the pistons to retract the same while the other 
ends of these cylinders are then connected to the oil return 
line. 
The four-Way valve 134 is of the same construction as 

the valve 121 and when operated to one position by the 
solenoid 134-A the oil pressure pipe 32 is connected to 
the pipe 136 and the oil return pipe 35 is connected to 
the pipe 137 and when operated to the other position by 
the solenoid 134-B the pipes f32 and 137 are connected 
and the pipes 135 and 136 are connected. 

Thus, the solenoid 134-A is energized and the four 
way valve. 134 is operated to position to admit oil to the 
main bending cylinder 43 behind the piston to extend the 
same and to discharge oil from the other end of this -cylin 
der to the reservoir, and when the solenoid 134-Bis-en 
ergized the valve 134 is operated to the other position to 
admit oil under pressure to the cylinder. 43 in front of 
the piston to retract the same and to discharge oil from 
the other end of the cylinder to the reservoir. 

In FIG.20 is shown the pneumatic system for operat 
ing the pneumatic cylinders 100, 103 and 107 which con 
trol the movement of the slide members 5, 6 and 7 toward 
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and from each other. The motor 150 operates the air 
compressor 151 which is connected by pipe 152 to the 
solenoid-operated four-way valve 153. A pipe 154 leads 
from the four-way valve 153 to a conventional two-way 
air valve or solenoid-operated shut-off valve 55 which is 
connected by pipe 156 to the pneumatic cylinder 100, be 
hind the piston thereof. 
A check valve 157 is located in the pipe 156 to permit 

flow therethrough only in the direction of the arrow. A 
U-shape pipe 158 is connected at opposite ends to the pipe 
156 on opposite sides of the check valve 157 and is pro 
vided with a check valve 159 permitting flow therethrough 
only in the direction of the arrow. 
A flow control valve 160, a regulator 16, and a pres 

sure gauge 62 are located in the pipe 58. A pipe 163 
connects the four-way valve 153 with a pipe 64 which 
leads through a solenoid-operated, two-way valve 165, 
similar to the valve 55, to the load end of the cylinder 
100 and which leads through check valve 166, permitting 
flow only in the direction of the arrow to the pneumatic 
cylinder 107 behind the piston thereof. 
A pipe 167 is connected at opposite ends to the pipe 

164, on opposite sides of the check valve 66, and has 
check valve 168 therein allowing flow only in the direc 
tion of the arrow. A pressure gauge 169 and relief valve 
170 are also located in the pipe 167. 
A pipe 171 connects the pipe 164 to the pneumatic 

cylinder 103 behind the piston thereof, and has a check 
valve 172 therein permitting a flow only in the direction 
of the arrow. A pipe 173 is connected at opposite ends 
to the pipes 164 and 171, on opposite sides of the check 
valve 172 and has therein a check valve 174 permitting 
flow only in the direction of the arrow. 

A. pressure gauge 175 and relief valve 76 are also lo 
cated in the pipe 173. Both of the pneumatic cylinders 
103 and 107 exhaust to the atmosphere at their load ends 
as indicated at 177 and 178. 
The Solenoid-operated four-way valve 153 may be of 

any usual and suitable construction of four-way valve 
adapted to be operated to one position by the solenoid 
153-B so as to connect the air pressure pipe 52 with the 
pipe 154 leading to the end of the pneumatic cylinder 180 
behind the piston thereof, and operated to the other 
position by the solenoid 153-A to connect the pipe 52 to 
the pipe 163 and connect the pipe 154 with the exhaust 
179 to atmosphere. 
The two-way valve 155 is opened when the solenoid 

155-1 thereof is energized and the two-way valve 65 is 
opened when the solenoid 165-1 thereof is energized. 

In FIG. 19 is shown an electric wiring diagram of the 
electrical devices which control the hydraulic and pneu 
matic mechanism which operates the apparatus. The 
power lines are indicated at 185 and 186, a conventional 
start-stop main Switch 187 being located in the line E85. 
Motors 115 and 150 for the hydraulic and pneumatic sys 
tems respectively are located in the main circuit and con 
trolled by the main switch 187. 
The normally open microswitches 188 and 89 on the 

Slide member 7, as shown in FIGS. 1 and 2, and located in 
the line E90 which is connected to the line wires 85 and 
186. The Solenoid 121-A of the four-way valve 12, of 
the hydratulic system shown in FIG. 21 is also located 
in the line 190, 
A wire 91 connects the wires 98 and ES6, and the 

solenoid i53-B of the four-way valve 453, of the pneu 
matic system shown in FIG. 20 is located in the wire Si. 
A shunt wire 92 is connected to the wire 250, around 
the microSwitches 188 and 89 and provided with a push 
button or jog switch 193 adapted to be manually operated 
to start the first bending cycle of a tube passing out of 
the tube rolling mill. 
Wire 194 is connected to the line wires 85 and 86 

and passes through the solenoid 34-A of the four-way 
valve 134 of the hydraulic system shown in FIG. 21. 
The normally open microswitch 195, located on the slide 
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member 5, as shown in FIGS. 1 and 2, and the normally 
open pressure Switch 196 are located in the wire 394. 
A Wire 197 is connected to the line wires 85 and E85 

and passes through the solenoid 155-1 of the two-way 
Valve i55 and the Solenoid E65-1 of the two-way valve 
i65 of the pneumatic system shown in F.G. 20. The 
normally closed microswitch 198 shown in FIGS. 1 and 2 
is located in the wire 97. 
A conventional make-break switch (double pole-double 

throw) 280 is interposed between the wires 94 and 97 
and adapted to alternately make contact with the contact 
points 28-A in the wire 94 and the contact points 260-B 
in the wire 197. The make-break switch 2G) is located 
on the slide member 6, as shown in FIGS. 1 and 2. As 
shown in FIG. 19, the make-break switch 206 is located 
in the wires 494 and 97 at a point between the micro 
SWitches 95 and 98 respectively and the line wire 185. 
A wire 99 is connected at one end to the wire 197, 

between the make-break switch 200 and the microswitch 
198, the other end of the wire 199 being connected to 
the line wire 86, through the solenoid 2:-B of the 
four-way valve 21 in the hydraulic system shown in 
F.G. 21. 
The wire 28 is connected to the wires 99 and 186 

and passes through the solenoid 153-A of the four-way 
valve 53 in the pneumatic system shown in FIG. 2. A 
wire 22 connects the wires 199 and 86 and passes 
through the solenoid 34-B of the four-way valve 134 in 
the hydraulic system shown in FEG. 21. 

in the operation of the machine, in order to make 
the first bend in a tube just emerging from the tube mill 
13, after the main switch 87 is closed, the jog switch 
193 is operated manually. This is the only time during 
the operation of the machine that this jog switch is used. 

Assuming the slides 5, 6 and 7 to be separated in the 
Starting position, as in FIG. 1, when the leading end of 
the tube reaches the first holding and setting dies indicated 
generally at 59, on the third slide 7, the jog switch 93 
is manually ciosed to form the first bend in the tube 4. 

Upon closing of the jog switch, the electric circuit 
shown in FIG. 19 will function to actuate the hydraulic 
and pneumatic cylinders to operate the apparatus. The 
tube will be clamped at spaced points by the clamping 
dies 56-57 on the first slide members 5, and by the first 
upper holding and die means 59 on the third slide 7. 

Then, the bending die 49 on the second slide member 6, 
will be moved downward engaging the tube at a point 
midway between the first and third slide members 5 and 7 
respectively, bending the tube into W-shape. The tube 
will be under tension during this bending operation, 
owing to resistance of the pneumatic cylinders 83 and 
167 to lateral movement of the slide members 5 and 7 
toward the intermediate slide member 6. This results 
in stretch bending of the tube or bar, stretching it around 
the bending die 49 as it is bent and thus tending to set 
the V-shape bend in the tube. 

After the first bend has been formed in the tube, and 
the slides 5, 6 and 7 have returned to the starting position, 
at this time all of the hydraulic cylinders 4S, 43, 78, 73', 
78’, 85, 85’ and 85’ are in retracted position and the 
pneumatic cylinders 93 and 107 are extended and the 
pneumatic cylinder (e) is retracted, by virtue of air pres 
sure trapped in the pneumatic system. 
The tube or bar 4 moves to the right, as viewed in 

FIGS. 1 and 2, until the previously formed bend therein 
contacts the normally open microswitches 88 and 89 
which are wired in series as shown in F.G. 19. These 
microswitches 188 and 189 will thus be closed by the 
moving tube, closing the circuit through the wire 1942 
and energizing the solenoid 121-A of the four-way valve 
:21 in the hydraulic circuit. 
At the same time the circuit is simultaneously closed 

through the wire 91 which energizes the solenoid 153-B 
of the four-way valve 53 in the pneumatic circuit. The 
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operation of the hydraulic system is thus started. The 5 
piston rods 77, 77 and 77' of the cylinders 78, 78 and 

12 
78' respectively start to extend and at the same time 
the piston rod 46 of the hydraulic cylinder 4 starts to 
extend. 
Through the toggle levers 33 and 34 the hydraulic 

cylinder & will clamp the tube between the ciamping dies 
6 and 7 and raise the circular die 26 to contact with 

the tube. Through the toggle levers 69, 69' and 69' the 
hydraulic cylinders 78, 78' and 78' will lower the setting 
dies 6B and 6' and raise the setting die 61' into contact 
With the previously formed bends in the tube. 
When the pistons of these four hydraulic cylinders 

are locked in place, the sequence valve 133 in the hy. 
draulic system will open and the pistons of the hydraulic 
cylinders 85, 85 and 85' will be extended and through 
the levers 88, 83 and 88', the rollers 82, 82 and 82.' 
and can plates 83, 83 and 83' will move the circuiar 
holding and setting dies 62 and 62 forward and upward 
and the circular holding and setting die 62' forward and 
downward clamping the previously bent portions of the 
tube or bar in the clamping and setting dies to set the 
bends therein. 

Since the lower setting die 62' is located a slightly 
greater distance from the upper setting dies 62 and 52" 
than the distance from the bending die 49 from the dies 
26 and 62 at the end of the bending operation, the tube 
or rod will be further stretched in the setting operation. 
The spacing of the setting dies is such that the metal will 
be stretched slightly beyond the yield point, whereby the 
bends in the tube or bar will be positively set. 
The normally open microswitch 195 has been closed at 

this time by the chuck on the first slide member 5 acti 
vated through the hydraulic cylinder 4. After these 
hydraulic cylinders are locked in extended position, the 
normally open pressure switch 96 closes, closing the 
circuit through the wire 194 and energizing the solenoid 
134-A of the four-way valve 134 in the hydraulic system. 

Liquid under pressure is thus admitted to the main 
bending cylinder 43, behind or above the piston thereof, 
extending the piston rod 45 thereof downward so that 
the bending die 49 starts to bend the tube downwardly 
between the circular dies 26 and 62. 

Closing of the microswitch 195 closes the circuit 
through the wire 97, energizing the solenoids 155-1 
and 165-1 of the two-way valves 55 and 65 respec 
tively of the pneumatic system, opening these two-way 
valves to extend the piston of the pneumatic cylinder 
100 and starts pushing the first slide member 5 to the 
right, as viewed in FIGS. 1 and 2, thus creating tension 
on the tube or bar which is clamped in the apparatus as 
above described. 
At the same time, pressure is relieved from the load 

ends of the pneumatic cylinders 193 and 17. The slide 
members 6 and 7 are held at the proper distance from 
each other and from the slide member 5 by the tubing 
or bar clamped in the dies on these slides, as above 
described. 

Force on the pneumatic cylinder 100 is controlled by 
means of the by-pass and check valves 157 and 159 of 
the pneumatic system. Flow through the by-pass is con 
trolled by the flow control valve 160, regulator valve 161 
and gauge 62. 
The cylinders 103 and 107 are pushed together by the 

bending action of the tubing or bar produced by the bend 
ing die 49 operated by the main bending cylinder 43. 
Resistance to the slide members 5, 6 and 7 moving to 
gether is controlled by the by-pass and check valves 172, 
74, 168 and 166. Flow through the by-pass is con 

trolled by the flow control valves 176 and 170 and pres 
sure gauges 175 and 69 of the pneumatic system. 
When the piston of the main bending cylinder 43 

reaches the desired degree of bend, the make-break switch 
2 on the slide member 6 is contacted and the Solenoid 
121-B of the four-way valve 21 of the hydraulic system, 
the solenoid 153-A of the four-way valve 53 of the 
pneumatic system, and the solenoid 134-B of the four 
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way valve 134 of the hydraulic system, will be energized, 
operating the four-way valves 121, 153 and 134 to the 
reverse position, and all of the cylinders will be returned 
to, starting position. 
The slide members.5, 6 and 7 will be returned to start 

ing position, and when the slide member 5 contacts the 
normally closed microswitch 198 the solenoids 155-1 and 
165-1 of the two-way valves 155 and 165 respectively 
of the pneumatic system will be deemergized locking the 
piston of the pneumatic cylinder 100 and the slide mem 
bers 5, 6 and 7 in starting position. 
As all of the hydraulic cylinders are thus retracted, 

the clamping dies upon the slide member 5 and the hold 
ing and setting dies on slide member 7 are thus moved 
out of the path of the tube, and as the tube continues 
to move from the tube mill through the apparatus, this 
operation will be continuously repeated automatically 
every time, a previously formed bend in the tube contacts 
the microswitches 188 and 189 repeating the operation 
as above described. 

It will be obvious from the above disclosure that in the 
bending operation, the tube is under tension and is being 
stretched around the die 49 into the V-shape. This is an 
important feature of the apparatus. and this stretch bend 
ing-of the tube is produced by resistance of the pneumatic 
cylinders 103 and 107 to lateral movement of slides 5 and 
7 toward side 6. 

Furthermore, it will be seen that the previously bent 
tube or bar is further stretched in the setting operation. 
This is accomplished by locating the lower setting die 
62'; so, as to stretch the metal slightly beyond the yield 
point. 

In the foregoing description, certain terms have been 
used for brevity, clearness and understanding, but no 
unnecessary limitations are to be implied therefrom be 
yond the requirements of the prior art, because such 
words are used for descriptive purposes herein and are 
intended to be broadly construed. 

Moreover, the embodiments of the improved construc 
tion illustrated and described herein are by way of ex 
ample, and the scope of the present invention is not 
limited to the exact details of construction. 
Having now described the invention or discovery, the 

construction, the operation, and use of preferred embodi 
ments thereof, and the advantageous new and useful 
results obtained thereby; the new and taseful construction, 
and reasonable mechanical equivalents thereof obvious to 
those skilled in the art, are set forth in the appended 
claims. 

I claim: 
1. Tube and bar bending apparatus comprising means 

for continuously moving a tube and the like longitudinal 
ly therethrough, a pair of dies spaced longitudinally in 
the path of the moving tube, tube-clamping, means asso 
ciated with each of said dies, a third die located between 
said pair of dies and movable transversely across the path 
of said tube, each of said pair of dies and said third die 
being movable toward and from each other longitudinally 
of the path of the moving tube, and means actuated by 
the movement of the tube for operating said clamping 
means and moving said third die perpendicular to the path 
of the tube to continuously form successive V-shaped 
bends in the continuously moving tube. 

2. Tube and bar bending apparatus comprising means 
for continuously moving a tube and the like longitudinally 
therethrough, a first bending die located at one side of 
the path of the moving tube, a second bending die lo 
cated beyond said first die at the other side of the path 
of the tube and movable transversely across the path 
of the tube, a series of holding and setting dies located 
beyond said second bending die, all of said bending dies 
and said series of holding and setting dies being movable 
toward and from each other longitudinally of the path 
of the moving tube, tube-clamping means associated with 
said first bending die and with said holding and setting 
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4. 
dies, and means for operating said clamping means and 
moving said Second bending die perpendicular to the path 
of the tube, to continuously form successive V-shaped 
bends in the continuously moving tube and to simultane 
ously set previously formed bends in the tube. 

3. Tube, and bar bending apparatus comprising means 
for continuously moving a tube and the like longitudinally 
therethrough, a first bending die located at one side of 
the path of the moving tube, a second bending die located 
beyond said first die at the other side of the path of the 
tube, and movable transversely across the path of the 
tube, a series of holding and setting dies located beyond 
said second bending die, each of said bending dies and 
said series of holding and setting dies being movable 
toward and from each other longitudinally of the path 
of the moving tube, each of said bending dies and hold 
ing and setting dies having a circular tube-receiving groove 
therein, tube-clamping means associated with said first 
bending die and with said holding and setting dies, and 
means for operating said clamping means and moving 
said second bending die perpendicular to the tube to 
continuously form successive V-shaped bends in the con 
tinuously moving tube and to simultaneously set previ 
ously formed bends in the tube. 

4. Tube and bar bending apparatus comprising means 
for continuously moving a tube and the like longitudinally 
therethrough, said apparatus comprising a frame, first, 
second and third slide members upon said frame, all of 
said side members being movable upon the frame toward 
and from each other longitudinally of the path of the 
moving tube, tube-clamping dies on the first slide mem 
ber, a first bending die located on said first slide member 
beyond the clamping die and at one side of the path of 
the moving tube, means for moving said clamping dies 
and bending die into and out of contact with the tube, a 
main bending-die located on the second slide member, at 
the other side of the path of the moving tube, means for 
moving the main bending die transversely across the path 
of the tube for forming V-shaped bends therein, holding 
and setting die means on the third slide member for set 
ting bends formed in the tube by the bending dies, said 
holding and setting die means comprising a plurality of 
dies for contacting the outer sides of bends in the tube, 
means for moving said last named dies into and out of 
contact with the outer sides of the bends in the tube, a 
plurality of dies for contacting the inner sides of the 
bends in the tube, means for moving the last named dies 
diagonally into and out of the path of the bent portion 
of the tube, and means actuated by the moving tube for 
operating said apparatus for continuously forming suc 
cessive V-shaped bends in the tube and simultaneously 
setting previously formed bends in the tube. 

5. Tube and bar bending apparatus as defined in claim 
4, in which the clamping dies on the first slide member 
remain in clamping position until after said first bending 
die is moved out of contact with the tube. 

6. Tube and barbending apparatus as defined in claim 
4, in which the means for moving each of the dies is 
operated by hydraulic cylinder means. 

7. Tube and barbending apparatus as defined in claim 
6 in which the operation of the hydraulic-cylinder means 
is controlled by means actuated by the moving tube. 

8. Tube and bar bending apparatus as defined in claim 
6, in which the operation of the hydraulic cylinder means 
to extended position is initiated by means on the third 
side member actuated by the moving tube and in which 
the operation of the hydraulic cylinder means to a re 
tracted position is initiated by means on the second slide 
member actuated by the movement of the main bending 
die. 

9. Tube and bar bending apparatus as defined in claim 
4, in which the means for moving the last named dies 
diagonally into and out of the bent portion of the tube 
includes cam plates mounted on the third slide member 
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and having cam slots therein and rollers upon said dies 
located in said cam plates. 

10. Tube and bar bending apparatus comprising means 
for continuously moving a tube and the like longitudinally 
therethrough, said apparatus including a frame, first, Sec 
ond and third slide members each movable on the frame 
toward and from each other longitudinally of the path of 
the tube, tube-clamping means on the first slide member, 
tube-bending means on the second slide member, bend 
setting means on the third slide member, means actuated 
by the movement of the tube for operating said clamping, 
bending and setting means for continuously forming suc 
cessive V-shaped bends in the tube and setting said bends, 
and pneumatic cylinder means for controlling the move 
ment of said slide members toward and from each other, 
said pneumatic cylinder means comprising a cylinder 
mounted on the frame and having a piston rod connected 
to the first slide member, a cylinder mounted on the first 
slide member and having a piston rod connected to the 
second slide member and a cylinder mounted on the sec 
ond slide member and having a piston rod connected 
to the third slide member, and means actuated by the 
moving tube for operating said cylinders. 

11. Tube and bar bending apparatus comprising means 
for continuously moving a tube and the like longitudinally 
therethrough, said apparatus including a frame, first, sec 
ond and third slide members each movable on the frame 
toward and from each other longitudinally of the path of 
the tube, tube-clamping means on the first slide member, 
tube-bending means on the second slide member, bend 
setting means on the third slide member, means actuated 
by the movement of the tube for operating said clamping, 
bending and setting means for continuously forming suc 
cessive V-shaped bends in the tube and setting said bends, 
and pneumatic cylinder means for controlling the move 
ment of said slide members toward and from each other, 
said pneumatic cylinder means comprising a cylinder 
mounted on the frame and having a piston rod connected 
to the first slide member, a cylinder mounted on the first 
slide member and having a piston rod connected to the 
second slide member and a cylinder mounted on the sec 
ond slide member and having a piston rod connected to 
the third slide member, means actuated by the moving 
tube for operating said cylinders, and means upon the 
frame actuated by the movement of the first slide member 
for controlling the operation of the cylinder-operating 
means for returning the slides to starting position after 
each operation of the clamping, bending and setting means. 

12. Tube bending apparatus comprising means for mov. 
ing a tube longitudinally therethrough, a pair of dies 
spaced longitudinally at one side of the path of the tube, 
each of said dies being of substantially cylindrical shape 
and having a peripheral groove therein to receive the 
tube, tube-clamping means associated with each of said 
dies, a third die located between said pair of dies and at 
the other side of the path of the tube and movable trans 
versely across the path of the tube, said third die being of 
substantially cylindrical shape and having a peripheral 
groove therein to receive the tube, each of said pair of dies 
and said third die being movable toward and from each 
other longitudinally in the path of the tube, and means 
for moving said third die perpendicular to the tube to 
form V-shaped bends in the tube. 
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13. Tube bending apparatus comprising means for mov 

ing a tube longitudinally therethrough, said apparatus 
comprising a frame, first, second and third slide members 
movable upon said frame toward and from each other 
longitudinally of the path of the tube, tube-clamping dies 
located on said first slide member, a first bending die lo 
cated on said first slide member at one side of the path 
of the tube, a main bending die located on said second 
slide member at the other side of the path of the tube, 
said first bending die and said main bending die each be 
ing of substantially cylindrical shape and having a periph 
eral groove therein to receive the tube, means for mov 
ing said main bending die transversely across the path of 
the tube for forming V-shaped bends therein, holding and 
setting die means on said third slide member for setting 
bends formed in the tube by said bending dies, said hold 
ing and setting die means comprising a plurality of dies 
having arcuate grooves therein for contacting the outer 
sides of the bends in the tube, and a plurality of substan 
tially cylindrical dies having peripheral grooves therein 
for contacting the inner sides of the bends in the tube, and 
means for moving said holding and setting die means into 
and out of contact with the bends in the tube. 

14. Tube bending apparatus comprising means for mov 
ing a tube longitudinally therethrough, said apparatus 
comprising first, second and third slide members movable 
toward and from each other longitudinally of the path 
of the tube, tube-clamping means on said first slide mem 
ber, a first bending die on said first slide member at one 
side of the path of the tube, a main bending die on said 
second slide member at the other side of the path of the 
tube, means for moving the main bending die transversely 
across the path of the tube in a path perpendicular to the 
tube for forming V-shaped bends in the tube, holding and 
setting means on said third slide member for setting bends 
formed in the tube by the bending dies, said holding and 
setting means comprising a plurality of dies for contacting 
the outer sides of bends in the tube, means for moving 
said last named dies into and out of contact with the outer 
sides of bends in the tube, a plurality of dies for contact 
ing the inner sides of bends in the tube, and means for 
moving said last named dies into contact with the inner 
sides of bends in the tube and out of the path of the bent 
portion of the tube. 

15. Tube bending apparatus as defined in claim 14, in 
which the bending dies and the dies for contacting the 
inner sides of bends in the tube are each of substantially 
cylindrical shape having a peripheral groove therein for 
receiving the tube, and said dies for contacting the outer 
sides of bends in the tube each has an arcuate groove 
therein for receiving the tube. 
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