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UNITED STATES PATENT OFFICE 
2,638,142 

BENDING MACHINE HAVING OSCILLATING 
AN WIL, DE AND RECIPROCABLE IRONING 
DE 

Lee B. Green, Lakewood, Ohio 
Application February 14, 1951, Serial No. 210,965 

(C. 153-43) 9 Claims. 
1. 

This invention relates to bending machines of 
the kind which carry out bending operations on 
metal Workpieces, and particularly on workpieces 
having web and flange portions, and wherein the 
Web portion is bent out of its own plane and the 
flange portion is bent within its own plane with 
Out Wrinkling or buckling. 
The bending machines of this kind which have 

been devised heretofore have accomplished gen 
erally satisfactory results but this applicant has 
recognized that room for further improvement 
existed with respect to the provision of a differ 
ent and more satisfactory die means and with 
respect to a form of bending machine having a 
more rapid rate of production. 
As one of its objects, the present invention ac 

cordingly provides an improved bending machine 
of the character mentioned above in which the 
novel die means comprises an ironing die mem. 
ber adapted for rectilinear translatory movement 
and an anvil die member having rocking coopera 
tion. With the ironing die member during the rec 
tilinear translatory movement thereof and 
around Which anvil die member the Workpiece is 
bent by Such rocking cooperation. 
Another object of this invention is to pro 

vide an improved bending machine of this char 
acter Wherein the frame of the machine has a 
guideway thereon along which the ironing die 
member is movable in an edgewise or endwise di 
rection, 
A further object is to provide an improved 

bending machine of the character referred to in 
Which the frame of the machine has a second 
'guideway thereon extending in a direction sub 
stantially normal to the first guideway and car 
rier means for the anvil die member is movable 
along the Second guideway for causing opening 
and closing of the anvil die member relative to 
the ironing die member. 
AS Still another object, this invention provides 

an improved bending machine of the kind men 
tioned above in which the carrier means on the 
Second guideway includes a pivoted support or 
face plate for the anvil die member by which 
the rocking cooperation of this die member with 
the ironing die member is obtained. 
Yet another object is to provide an improved 

bending machine of this character in which a 
much more rapid rate of production is obtain 
able by reason of the fact that the die members 
are adapted to cause the bending of a workpiece 
during each half cycle of die operation such 
that two fully formed workpieces are produced 
for each complete cycle of the machine, 
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Another object is to provide an improved bend 

ing machine of the kind above referred to in 
which the second guideway is located adjacent 
the midpoint of the first guideway such that the 
rocking cooperation of the anvil die member and 
the ironing die member in noving from an initial 
die position to a Second die position accomplishes 
the complete bending operation on one workpiece, 
and the rocking cooperation of these die mem 
bers in noving from such second die position 
back to the initial die position accomplishes the 
complete bending operation on a second work 
piece, 
As a further object this invention provides 

an improved bending machine of the character 
mentioned in which control means, preferably 
a braking means, for the ironing die member 
is effective to control the rate and direction of 
the movement thereof during the bending opera 
tion. 
This invention also provides a novel arrange 

ment of work gripping devices, preferably of the 
electromagnetic type, in association with the 
above-mentioned anvil and ironing die men 
bers. 
An additional object of this invention is to 

provide an improved construction for a bend 
ing machine of the kind here under considera 
tion in which the anvil die member is non-sym 
metrical having, for example, a convex die Sur 
face of progressively varying curvature. 

It is likewise an object of this invention to 
provide a, bending machine having the character 
istics mentioned above and in which a stretching 
of the workpiece is accomplished simultaneously 
with the bending thereof. 
The invention can be further briefly summar 

ized as consisting in certain novel combinations 
and arrangements of parts hereinafter described 
and particularly set out in the claims hereof. 

In the accompanying sheets of dra Wings, 
Fig. 1 is a front elevation of a bending ma 

chine embodying the present invention but show 
ing the machine with a portion thereof broken 
away and with the anvil and ironing die men 
bers and the hydraulic pumping unit omitted; 

Fig. 2 is a partial plan view of the machine 
Showing the same with the anvil and ironing 
die. members and the hydraulic pumping unit 
omitted; 

Fig. 3 is a vertical section taken through the 
machine Substantially as indicated by section line 
3-3 of Fig. 2; 

Fig. 4 is another front elevation showing the 
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improved bending machine complete with anvil 
and iroiling die members; 

Fig. 5 is another plan view showing the na 
chine compete with anvil and ironing die men 
bers; 

Fig. 6 is a left end view of the complete na 
chine of FigS. 4 and 5; 

Fig. 7 is a larger scale transverse Sectional 
detail view corresponding with a portion of Fig. 
3 and further illustrating the ironing die inen 
ber and the Supporting and control means there 
for; 

Fig. 8 is a side elevation showing one form of 
workpiece on which bending operations can be 
performed by this improved machine; 

Fig. 9 is an end View of the Workpiece; 
Fig. 10 is an elevation showing an article pro 

duced by the pending operation. Which is carried 
out on the workpiece of Figs. 8 and 9; 

Fig. 11 a partial Vertical Section taken 
through one of the electromagnetic workgripping 
devices Substantially as indicated by Section lirae 
- of Fig. 5; 
Fig. 12 is a transweise sectional detail taken 

through the head of the anvil die member as in 
dicated by Secticia line 2-2 of Fig. 6; 

Fig. 3 is a front elevation of a modified for in 
of the inpi'oved bending machine; 

Fig. i4 is a partial vertical Section taken 
through the modified machine, as indicated by 
section line - is of Fig. 13; and 

Figs. 15 and 18 are side and end views, respec 
tively, showing one form of workpiece on which 
bending operations can be performed by the iiodi 
ified bending achine. 
The embodiinent of the improved bending aa 

chine which is illustrated in Sigs. to 7 iia 
clusive connprises, in general, a main frayne 
and a pair of cooperating die ninenbers consist 
ing of an ironing die lenber 2 supported on 
the frame fer tianslatory rectilinear movement 
and an anvil dise member 3 supported on the 
frame for opening and closing novenients real 
tive to the ironing die neiyaber and also for SWing 
ing ovement in rocking cooperation. With the 
ironing die inenber during the translatory nove 
nent of the latter. 
The gooperating die members 2 and 3 carry 

out a bending operation on an elongated longi 
tudinally fanged retal workpiece 4 received 
therebetween. Although the improved bending 
machine can be used for carrying out bend 
ing operations on a great variety of different 
workpieces, the Workpiece a here shown by Way 
of example is an elongated sheet metal body 
having a substantially flat web portion 4d and 
longitudinal edge flanges 3b. As Will be ex 
plained in greater detail hereinafter, the bend 
ing operation converts the elongated Workpiece 
f4 into a substantially U-shaped housing rember 
or cabinet Section 5, as shown in Fig. 10, and 
which can be used to form a portion of the holls 
ing or cabinet, of an electric refrigerator, or for 
any other desired use. 
As shown in Fig. 10, the cabinet section 5 

has substantially parallel side portions 5d and 
5th which are formed by the end portions of the 

workpiece is, and also has an end or top portion 
Sc connecting the parallel side portions 5d and 
458 and formed by the intermediate portion of 
the workpiece. The bending operation carried 
out by the improved machine 9 in producing 
the cabinet; section 5 from the workpiece A 
makes two relatively small radius bends 6d and 
6b in the workpiece at longitudinally spaced 
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4. 
points. These bends are shown in Fig. 10 in 
which the bend a forms the junction between 
the portions 3d and 5c of the cabinet Section 
(5 and the bend 6b forms the junction between 
the portions 5b and 5c of this cabinet section. 

Depending upon the shape desired for the final 
product, in which the cabinet section 5 is used, 
the end or top portion i5c can be a fiat portion 
or can be given a longitudinally bowed shape 
forming an arch extending between and connect 
sing the bends 6d, and 6 b, as shown in Fig. 10. 
The formation of the bends 6d. and 6b in the 
workpiece 4, and the bending of the workpiece 
to produce the longitudinally bowed condition 
of the end portion 5c, are carried out Smoothly 
and rapidly by this improved machine during 
which the Web portion 4a of the workpiece is 
bent out of its own plane and the marginal longi 
tudinal fanges 8b are bent within their own 
planes without having any Wrinkling or buckling 
occur therein and Without requiring any prepara 
tory notching or cutting of these fanges. 
The trainfraine of the bending machine. 

comprises a laterally elongated front frame men 
ber 8 adapted to stand on a supporting floor or 
foundation 9 and an upright real frame ninen 
ber 28 also adapted to stand on the floor or 
foundation 9 and located in the rear of, but 
closely adjacent to, the front frame member and 
Substantially opposite the intermediate portion 
of the latter. The front frame member 3 is of 
a hollow pox-like form having upright end Walls 
2E and spaced upright front and rear walls 22 
and 23. The front frame member 8 is also pro 
vided adjacent the ends thereof with substan 
tially horizontally disposed top walls or table por 
tions 24 and 25. The table portions 24 and 25 
extend longitudinally of the front, frame riem 
ber 88 and are in aligned relation with each 
other, as shown in Figs. 2 and 5. The inner or 
adjacent ends of the table portions 24 and 25 
are spaced apart a substantial distance, as shown 
in Fig. 2, leaving a center Opening 26 in the in 
termediate portion of the front frame naeinber 
8 and Substantially opposite the upright rear 

frame rember 2. 
The rear frame member 20 extends in an up 

right relation behind the intermediate portion 
of the front frame member 8, as mentioned 
above and as shown in the drawings, and is in 
the form of a rigid unitary hollow member hav 
ing spaced upright full-height side walls 2 ea and 
2b and a vertical space or passage 2 therein 
betWee these side Walls. The rear frare ill 
ber 2 is also provided, for a portion of its height, 
with an upright, front wall 28 which extendsbe 
tween and connects the upright side walls 20c. 
and 23h. As shown in Fig. 2, the rear frame inem 
ber 2 is connected. With the front frame reinher 
$8 by having its upright partial front wall 28 con 
Inected to the upright rear wall 23 of the front 
frame member as by means of the screWS 29. 
The rear frame member 2 is also connected 

with the front frame member 8 at longitudi 
nally spaced points of the latter by means of the 
laterally and forwardly projecting connecting 
brackets 39 and 3 of this rear frame member. 
These connecting brackets have their inner or 
adjacent ends integrally connected with the 
upright side walls 23a and 20th of the rear framr 
neimber 29 and have their front or outer ends 
connected. With the upright rear wail 23 of the 
front frame member f8 as by means of the 
screws 32. As shown in Fig. 6, the bracket 3) 
comprises a pair of vertically spaced. Substan 
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tially horizontal upper and lower webs 30a and 
3Ob and an upright front wall 30c extending be 
tween and connecting the webs and through 
which front wall the screws 32 extend. Simi 
larly, the bracket 3 comprises horizontal Webs 
3fa and 3b and a vertical front wall 3C con 
necting these WebS. 
The front frame member 8 is provided with 

a longitudinally extending guideway 33 (see Figs. 
2, 3 and 7) along which the ironing die member 
2 is movable with endwise rectilinear movement, 

as Will be further explained hereinafter. This 
longitudinal guideway is formed by a pair of 
front and rear guide rails 34 and 35 which are 
preferably formed integral with the front frame 
member 8 and extend longitudinally thereon 
above the front and rear upright walls 22 and 23. 
These guide rails are of a length such that they 
span the center opening 26 of the front frame 
member 8 with their ends extending for Some 
distance along the table portions 24 and 25, as 
shown in Fig. 2. 
The guide rails 34 and 35 have longitudinally 

extending recesses or rabbets 34a and 35d formed 
in their adjacent edges which define the front 
and rear edges of the guideway 33. The guide 
rails 34 and 35 are provided with longitudinal 
cover strips 36 and 37 which are secured thereto 
by suitable screws 38 and which overhang the 
recesses 34a, and 35a, as shown in Fig. 6. 
An ironing die carrier 39 (see FigS. 2, 3, 6 

and 7) having the ironing die member 2 
mounted thereon is movable in the longitudinal 
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guideway 33 of the front frame member 8. The 
ironing die carrier 39 is here shown as compris 
ing an elongated substantially flat metal plate 
having longitudinal edge flanges 390 and 39b 
along its front and rear edges and which flanges 
are slidable in the guide recesses 34a and 35a of 
the guide rails 34 and 35 and are retained in 
these guide recesses by the cover strips 36 and 
37. For a purpose to be explained hereinafter 
the ironing die carrier 39 is provided with a pair 
of longitudinally extending racks 49 and 4 on 
the underside thereof and located adjacent the 
front and rear edge flanges 39c. and 39b. 
The ironing die member 2 is an elongated 

channel-shaped die member (see Figs. 6 and 7) 
which is bolted or otherwise secured to the top 
face of the ironing die carrier 39. In this in 
stance the ironing die member 2 is formed by a 
plurality of connected sections comprising a Sub 
stantially fiat intermediate plate member 2d. 
and a pair of longitudinal side members 2b and 
2c extending along and connected to the front 
and rear edges of the intermediate plate mem 
ber. The upper longitudinal portions of the side 
members 2b and 12c cooperate with the plate 
member 2d. in defining the longitudinal channel 
recess of the ironing die member 2 in which the 
workpiece 4 is received. These upper portions 
of the longitudinal side members 2b and 2c 
are preferably provided with hardened flat lon 
gitudinal wear strips 42 secured against their 
inner faces and which cooperate with and con 
fine the flanges i4b of the workpiece during the 
bending operation. 
The endwise longitudinal rectilinear movement 

of the bending die member 2 and the bending 
die carrier 39 takes place between a pair of stops 
43 and 44 mounted on the table portions 24 and 
25 of the front frame member 8 and extending 
transversely of these table portions. The anvil 
die stops 43 and 44 are here shown as being in 
the form of channel-shaped bars which are se 
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6 
cured to the table portions 24 and 25 by bolts 45, 
or the like, extending through one of the side 
flanges of the bars. The workpiece 4 is usually 
of a greater length than the ironing die member 
2 such that its end portions project beyond the 
ends of this die member and, in which case, the 
stops 43 and 44 also serve as Supports for these 
projecting end portions of the workpiece. 
For locating and holding the Workpiece or 

workpieces in proper position in the machine, the 
front frame member 8 is provided at Opposite 
ends thereof with a pair of work supports 46 and 
47 (see Figs. 1, 4 and 5). These work supports 
are here shown as being in the form of brackets 
secured to the outer ends of the table portions 24 
and 25 by bolts 48, or the like, and having 
straight flat portions 46d. and 4Ta, whose upper 
surfaces lie substantially in the same horizontal 
plane as the top surface of the plate section 2a. 
of the ironing die member 2. 
These straight flat portions 46a and 41a of the 

work supports 46 and 47 receive and support the 
outer ends of the workpieces 4 when Such Work 
pieces are received in the channel recess of the 
ironing die member 2. Hook-shaped locating 
fingers 46b and 4b are provided on the work 
supports 46 and 47 and form stops against which 
the outer ends of the workpieces are adapted to 
be abutted. These locating fingers have adjust 
able connection with the work supports 46 and 
4T which permits the fingers to be shifted in or 
out relative to the work Supports and to be 
clamped in the desired position of adjustment. 
The anvil die member 3 comprises a frame Or 

body 49 (see Figs. 4 and 5) and a convexly curved 
head 5 secured to such frame at one end thereof. 
The convexly curved head 50 comprises Spaced 
end portions 59a and 50b having a relatively short 
radius of curvature and an intermediate or con 
necting portion 5c which extends between and 
merges smoothly into the curved end portions 50a 
and 5b and which is convexly bowed to a much 
larger radius of curvature than the end portions. 
The radius of curvature of the intermediate por 
tion 50c corresponds with the relatively long 
radius of curvature which is formed on the con 
necting portion 5c of the cabinet section 5 be 
ing produced. The head 50 is preferably also 
provided with inset hardened wear strips 5 and 
52 along its longitudinal side edges which are of 
an angular cross-sectional shape, as shown in Fig. 
12, and at their ends have a convex curvature 
corresponding with the convex curvature of the 
end portions 5a, and 58 b of the head. 
The frame 49 of the anvil die member 3 can 

be an open structure having parallel sides 490. 
and 49 connected by end bar's 53 and 54. The 
frame 49 also comprises a filler portion or block 
55 disposed between the end bar 53 and the head 
50 and by which the head is connected with the 
frame 49. The head 5 of the anvil die member 
3 is of a width. Such that it Will be received be 

tween the flanges Ab of the workpiece f4 and 
Will hold these flanges firmly against the upright, 
wear strips 42 of the ironing die member 2, 
The anvil die member 3 is mounted on the rear 

frame member 20 so as to be capable of transla 
tory closing and opening movements relative to 
the ironing die member 2 for clamping or releas 
ing the workpiece 4. The anvil die member 3 is 
also mounted on the rear frame member 20 so as 
to be capable of a Swinging movement for rocking 
COOperation with the ironing die member 2 sub 
stantially simultaneously with the endwise rec 
tilinear movement of the latter. 
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To provide for such an opening and closing 
movement of the anvil die member 3, as well 
as such a swinging movement thereof, a mount 
ing means is enployed for this die aerber con 
prising a carrier or slide 56 reciprocably novable 
in the upright passage 2 of the rear frazie neith 
ber 2 and a support 57 which is pivotally con 
nected with the carrier 56 so as to be capable of 
a pivoted or oscillating movement. The carrier 56 
comprises a vertically elongated Unitary rigid 
body of a generaily square cross-sectional shape 
which is reciprocably novable in an endwise di 
rection in the passage 27 of the rear fraine inein 
ber 2. 
The side was 2.g. and 29b of the rear fl'arine 

member 25 are provided along their upright front 
edges with a pair of laterally spaced upright guide 
rails 58 and 59 containing recesses or rabbets 
58d, and 59a defining an upright guideway for 
the carrier 36. This guideway is also formed, in 
part, by cover strips 60 and 6 which are secured 
to the guide rails 53 and 53 as by means of the 
screwys 62. The cover strips 6 and 6 aire here 
shown as having hardened wear strips 33 secured 
against the inner faces thereof as by the ScreWS : 
65. The carrier 56 is provided at the firot thei?e 
of with a solid plate portion $6a whose uprigint 
side edges are slidable in the guide recesses 58a. 
and 53d, and are retained therein by the cover 
strips $8 and 6t. 

the support 5 is here shown as comprising a 
vertical face plate or disk Which is founted OI). 
the carrier 56 at the front thereof and in Substan 
tially parallel relation to the plate portion 56d. 
by means of a laterally extending rockshaft 6. 
The support, 5 has a substantially flat, front face 
5ia, which is provided with one or more dovetail 
slots 67. The anvi die inenber 3 is Secured to 
the flat front face 5 a. of the Support ; as by 
neans of a hollow nounting bracket, 83 having a 
rear flange 88a, and an upright front wall. 68b. 
The snouinting bracket 58 is Secured to the Support 
5 by raeans of Screws 63, or the like, extending 
through the rear flange 33d, and the anvil die 
member 3 is secuted to the mounting bracket 
by means of screws 9, or the like, extending 
through the front wall 68b of the bracket, and en 
gaging the frame 49 and the filler block 53. 
As shown in Fig. 3, the carrier 56 is provided at 

an intermediate point of its height With a tube 
portion or sleeve extending rearwardly fron 
the front wall 58d. The rockshaft 68 is mounted 
in the sleeve. by Suitable bushings 2 and 3 
and has a reduced front end potion Which ex 
tends into a substantially central opening 5 of 
the support 5 and to which the support is keyed 
or otherwise connected for rotation with this 
rockshaft. 
At the rear thereof the carrier 56 is provided 

with an upright fiat, plate which is secured 
thereto as by means of screws i, or the like. The 
carrier 56 also includes an elongated upright 
guide member 78 which, in this instance, is a sep 
arate part Secured to the rear plate 3 as by 
means of Screws 3, or the like. The guide inem 
ber 8 is provided with a channel-shaped upright 
longitudinal guideway 89 in which a slide 8 is 
reciprocably movable and carries a rack 82. The 
guideway 8G is formed, in part, by cover strips 
33 Secured to the guide member by means of 
screws 3A and which retain the slide 3 in the 
guideway 80. 
As shown in tig. 3, the rear plate 8 of the car 

rier 56 is provided with an opening 76a and the 
rockshaft 66 is provided with a reduced shaft 
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8 
portion 85 which projects rearwardly from the 
carrier and extends through this opening. The 
guide member 8 is connected with the rear plate 
; 6 so as to be located adjacent the shaft exten 
sion 85, but to the right thereof as shown in Figs. 
2 and 5. A gear 88 mounted in fixed relation. On 
the shaft, extension 8 meshes with the rack 82 
to be driven thereby. The meshing engagement 
of the gear 86 with the rack 3 takes place 
through a slot 8 formed in the guide member 
8 at a point opposite the shaft extension 85. 
The above-mentioned rocking cooperation of 

the anvil die member 3 with the ironing die 
fileinber 2 is produced by Swinging of the anvil 
die member about the axis of the rockshaft 66 
and this swinging of the anvil die member is 
produced by actuation of the rockshaft. Rock 
ing movement is inparted to the shaft 66 by re 
ciprocation of the rack 82 in neshing engage 
inent With the gear 88. 

For actuation of the rack 32 a pewer cylinder 
33, preferably a hydraulic cylinder, is provided 
on the carrier 38 and in this instance is shown 
located in upright relation adjacent the guide 
member 3. The cylinder 89 is a double-acting 
?cylinde" having its lower end connected. With a 
bracket S is projecting rearwarily from the rear 
plate 6 of the carrier 56. A piston (not shown) 
Operable in the cylinder is connected with a pis 
tion rod 3 which projects froin the upper end of 
the cylinder and is connected with a projecting 
lug 32 of the slide 3:. As shown in Sig. 6, sheet 
:aetal guards 850 and 9a can be provided on the 
back of the machine for the gear 83 and for the 
lower ends of the guide reiber 8 and the 
i'ack 82. 

Froin the construction above described it will 
be seen that when hydraulic pressure fitid is sup 
plied to one end of the cylinder 83, for example 
the lower end, the rack 32 will be noved upward 
ly to cause actuation of the rockshaft, 66 and 
SWinging of the anvil die Kember 3 in a counter 
clockwise direction. When hydraulic pressure 
fiuid is Supplied to the upper end of cylinder 89, 
the rack 82 will be moved downward y to thereby 
actuate the rockshaft 66 and cause a clockwise 
SWinging movement of the anvil die member 3. 
The above-mentioned closing and opening 

movementS Cf the anvil die reinber 3 relative 
to the ironing die Kleinber 2 are produced by 
downward and upward movements of the carrier 
56 in the guideway of the rear frame member 
2. For producing such movements of the car 
rier 68, a power cylinder 33, preferably a hy. 
draulic cylinder, is provided in upright relation 
in the rear frame member 20 as shown in Figs. 
3 and 6. The lower end of the cylinder 93 is 
connected in fixed relation with the lower por 
tion of the rear frame member 28. A piston 
33d operable in the cylinder 93 (see Fig.1) is 
connected with a piston rod 34 which projects 
froin the upper end of the cylinder. The upper 
end of the piston rod 94 is provided with a 
threaded portion 94a by which this end of the 
rod is connected in fixed relation to the sleeve 

of the carrier 56. 
From the arrangement just described above, 

it will be seen that when hydraulic pressure 
fluid is Supplied to the lower end of the cylinder 
93 the carrier 38 will be moved SpWardly to cause 
opening novement of the anvil die member 3 
relative to the ironing die member 2 to permit 
the insertion of a workpiece 4 therebetween and 
removal of the cabinet section 5 resulting from 
the bending operation performed on the work. 
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piece. Hydraulic pressure fluid supplied to the 
upper end of the cylinder 93 causes a downward 
movement of the carrier 56 and a corresponding 
closing movement of the anvil die member rela 
tive to the ironing die member 2 for clamping 
the workpiece 4 between these die members in 
preparation for and during the bending opera 
tion. 
AS explained above, the ironing die carrier 39 

is slidable in the guideway 33 of the front frame 
member 3 and is nowable back and forth acroSS 
the center opening 26 of the front frame mem 
ber. For also supporting the ironing die car 
rier 39 and absorbing the thrust of the anvil die 
member 3, the front frame member 8 is pro 
vided with a group of rolls located in the opening 
26 and extending between the front and rear walls 
22 and 23 of the front frame member 8. In 
this instance this group of rolls comprise three 
idler rolls 95a and a roll 95b which is adapted 
to be driven or have its rotation controlled, as 
hereinafter explained. During this reciprocat 
ing movement of the ironing die carrier 39, the 
racks 43 and 4f thereof are accommodated by 
front and rear longitudinal clearance grooves 
94a and 94b formed in the table portions. 24 
and 25. 
The roll 95b and each of the rolls 95a are pro 

vided with reduced front and rear end shaft por 
tions 96 and 97 which are journaled in suitable 
front and rear bearings 98 and 99 carried by the 
front and rear Walls 22 and 23 of the front frame 
member 8. The roll 95b is also provided with 
a pair of front and rear gears 00 and of which 
are secured in fixed relation on the reduced front 
and rear end shaft portions 96 and 97 of these 
rolls. The gears 00 and 0 are continuously 
in lineshing engagement with the front and rear 
racks 4 and 4 of the ironing die carrier 39. 
The bodies of the rolls 95 are of a smooth cy 

lindrical shape and have rolling engagement with 
the flat lower surface O2 of the ironing die car 
rier 39. The cylindrical bodies of the rolls 95 
form an anti-friction support for the ironing die 
carrier 39 and particularly for the portion of 
the ironing die carrier to which a heavy down 
Ward clamping force is being applied by the anvil 
die member 3. In addition to providing an anti 
friction support for the anvil die carrier, the 
rolls 95 prevent downward deflection of the an 
vil die member. 2, and the meshing engagement 
of the front and rear gear members 0 and f 0 
of the roll 95b with the front and rear racks 
40 and 4f of the ironing die carrier 39 prevents 
misalignment or skewing of the ironing die car 
rier during its endwise movement in the guideway 
33 of the front frame member 8. 

For controlling the endwise movement of the 
anvil die member 2, the roll 95b is constructed 
With a front shaft extension 03 having a gear 
(4 mounted in fixed relation thereon and the 

front frame member 8 is provided with a mov 
able rack 05 having meshing engagement with 
this gear. The rack 05 is reciprocably slid 
able in a guideway 06 formed by the longitudinal 
channel-shaped recess of an elongated bracket 
or guide rail 07 which is secured to the front 
wall 22 of the front frame member 8 by means 
of screws 8, or the like. 
The rack O5 is sometimes actuated by a dou 

ble-acting power cylinder 09, preferably a hy 
draulic cylinder. One end of the cylinder 09 
is anchored on the front frame member 8 by 
means of the bracket i? 0. A piston (not shown) 
reciprocably operable in the cylinder 09 is con 
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10 
nected with a piston rod which projects from 
the other end of the cylinder and is attached to 
the adjacent end of the rack fo5. 
The rocking cooperation of the anvil die mem 

ber 3 with the ironing die member 2 during 
the bending operation on the workpiece 4 tends 
to cause translatory movement of the ironing 
die member along the guideway 33. By control 
ling the rate at which pressure fiuid is released 
from the cylinder 09, the axial movement of 
the rack 65 can be controlled so as to cause 
the gear 04 and the gears 00 and Of of the 
roll 95b to resist this translatory movement of 
the ironing die member 2. The controlled re 
lease of preSSure fluid from the left-hand end of 
the cylinder io9 will produce a holding or brak 
ing force resisting translatory movement of the 
ironing die member toward the right and, con 
versely, the controlled release of pressure fluid 
from the right-hand end of the cylinder will 
produce a holding or braking force resisting 
translatory movement of the ironing die mem 
ber toward the left. Such a braking action on 
the translatory movement of the ironing die 
member is desirable because it increases the 
effectiveness of the ironing function of the die 
member 2 on the workpiece 4 and also causes 
the Workpiece to be subjected to a drawing or 
stretching action during the bending thereof by 
Which the Workpiece is made to conform more 
Smoothly and accurately to the convex contour 
of the anvil die member with minimum spring 
back effect. 

If desired, the cylinder 9 can also be used 
to CauSe a positive actuation of the ironing die 
member 2 in either direction during the bend 
ing operation. Thus, if a positive movement 
of the ironing die member 2 toward the right 
is desired, pressure fluid would be supplied to 
the right-hand end of the cylinder i09 to ap 
ply a positive actuating force to the ironing die 
carrier 39 through the rack (5 and through the 
gears 04, 100 and 0 of the driven roll 95b. 
Similarly, if a positive movement of the ironing 
die member 2 toWard the left is desired, pres 
Sure fluid Would be supplied to the left-hand 
end of the cylinder 09. Such a positive actua 
tion of the ironing die member will increase or 
decrease the stretching action being produced on 
the Workpiece during the bending thereof, de 
pending upon the direction and magnitude of the 
force applied to the rack 05. 
The improved bending machine i) is provided 

With Work gripping devices which are associated 
With the ironing die member 2 and with the 
anvil die member 3 and are adapted to grip the 
Workpiece 4 during the bending operation there 
On. Although any one of various kinds of work 
gripping devices could be used, the gripping de 
vices here shown, and Which Will now be de 
scribed, are of the electromagnetic type. 
The Work gripping devices associated with the 

ironing die member 2 consist of two groups of 
electromagnetic gripper's or chucks 3 and f4 
mounted on the ironing die carrier 39 adjacent 
the opposite ends thereof. As shown in Figs. 2 
and 5, the group f 3 Comprises a row of elec 
tromagnetic chucks 3a, in this instance five 
Such chucks, extending across the ironing die 
carrier 39 at or closely adjacent the left-hand. 
end thereof. The group 4 comprises a similar 
row of electromagnetic chucks 4a extending 
across the ironing die carrier 39 at or closely 
adjacent its right-hand end. Suitable energiz 
ing circuits and control switch means (not 
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shown) are provided by which the groups of 
magnetic chucks if 3 and can be energized 
and deemergized independently of each other. 
The work gripping devices associated with the 

anvil die member 3 consist of two groups of 
electromagnetic grippers or chucks mounted in 
longitudinally spaced relation on each side of 
the anvil die member. The chucks provided on 
the lower side of the anvil die member 3 as 
seen in Fig. 4 consist of the groups 5 and 6 
and the chucks provided on the opposite side of 
the anvil die member consist of the groups 1 
and 18. As shown in Figs. 4 and 5, each of the 
chuck groups 5, 6, 7 and 8 of the anvil 
die member 3 consists of four individual elec tromagnetic chucks disposed in a row extending 
transversely of the anvil die member. The in 
dividual chucks of these groups are designated, 
respectively, 5a, Il Ga., if a. and 8a. Suitable 
energizing circuits and control switch means (not 
shown) are provided by which the chuck groups 
1 is and 6 can be energized and deemergized 
independently of the chuck groups and 8. 
The individual electromagnetic chucks em 

ployed in the various groups 3 to 8 iden 
tified above can be of any suitable construc 
tion such as that illustrated in Fig.11. As shown 
in this view, these electromagnetic chucks may 
consist of a central core means 29 including a 
pair of pole members 2 and 22, and an ener 
gizing winding or coil 23 located between the 
pole members and disposed around the core 
means 20. These individual electromagnetic 
chucks are mounted on the ironing die carrier 
39 and the anvil die member 3 such that the 
pole members i22 thereof will be exposed for 
engagement by the workpiece is and, when the 
chucks of the various groups are electrically 
energized, they will exert a strong magnetic pull 
on the workpiece which will result in the work 
piece being held in a firmly gripped relation. 
The improved bending machine () is also pro 

vided with hydraulic pressure generating mech 
anism f 24 for supplying actuating fluid to the 
cylinders 89, 93 and O9. This hydraulic mech 
anism is here shown as comprising a reservoir 
25 adapted to contain a supply of oil, or other 

suitable liquid, and a suitable pump located in 
the reservoir and connected with an electric mo 
tor. 26 to be driven thereby. 
The detailed operation of the improved bend 

ing machine () will now be described. I set it be 
assumed, first, that the ironing die member 2 is 
in a position adjacent the left-hand end of the 
front frame member 8 and the anvil die rhember 
13 is in a position above the right-hand end of 
the front frame member, as shown in Fig. 4, but 
with the anvi die member in an elevated or open 
position relative to the ironing die member. In 
this position of these die members the head 58 of 
the anvil die member 3 overlaps the adjacent 
end of the ironing die member 2. 
A first workpiece it is now inserted into the 

machine between the anvili die member 3 and 
the ironing die member 2 and is supported on 
the latter die member in the position shown in 
Fig. 4. In this position the workpiece is is also 
supported partially by the stops 43 and 34 and is 
located longitudinally of the ironing die member 
{2 by the abutting engagement of the left-hand 
end of the workpiece with the hook-shaped stop 
46b of the work support a 6. In this position the 
workpiece also overlies the groups 3 and 4 of 
the electromagnetic chucks of the ironing die 
ember. The chucks of the group 3 are now 
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12 
anergized to grip the left-hand eid of the work 
piece f4 and attach the same to the left-hand end 
of the ironing die carrier 33. 
By supplying pressure fluid to the upper end 

of the cylinder 93, the carrier 56 is now moved 
downwardly to cause closing of the anvil die 
ninenber 3 relative to the ironing die nember 2 
for clamping the workpiece 4 therebetween. The 
positions of the ironing die neinber 2 and the 
anvil die member 3 at this time are the full line 
positions shown in Fig. 4 and which can be con 
veniently referred to as their initial position. 
While the avi die member 3 is in this initial 
position the right-hand end of the workpiece 4 
extends across the magnetic chucks of the groups 
i:5 and 6. The chucks of these groups are now 
ejectrically energized to grip the right-hand end 
of the workpiece and connect the same with the 
anvil die member such that the workpiece can 
be wrapped around the anvil die linember during 
the rocking cooperation of the latter with the 
ironing die member 2. 

Fressure fiulid is now supplied to the lower end 
of the cylinder 89 to cause the rockshaft, 86 and 

5 the support 5 to swing the anvil die member 3 
in a counterclockwise direction as seen in Fig. 4. 
through a half cycle of movement by causing 
this die member to travel through the broken 
line position 30 to the broken line position 13b. 
The completion of this half cycle of Swinging 
in overinent, results in the anvil die member arriv 
ing at the broken. iine position 3b which can be 
conveniently referred to as the second position 
of the anvil die mernber. During this swinging 
of the anvil die member from its full line initial 
position to the second position i3b, the convexly 
curved head 32 remains in continuous rocking 
engagement with the workpiece is and the iron 
ing die member 2 causing the intermediate por 
tion of the workpiece to be wrapped around the 
head of the anvil die member, as is shown for 
the dotted ineposition f3a of the anvil die mem 
ber. In the case of an anvil die member, such as 
tile anvil die member 3, whose work-engaging 
COEveX Surface is not concentric as to all portions 
thereof with the axis of the pivot shaft 66, the 
carrier 56 and the support 57 move up and down, 
as is permitted by the power cylinder 93, during 
rocking of Such convex surface of the anvil die 
member on the workpiece. During this bending 
operation the ironing die member 2 moves in an 
endwise direction longitudinally of the guideway 
33, that is to Say toward tile right as seen in Fig. 4, 
and at the completion of the bending operation 
has arrived at what can be conveniently termed 
a Second position above the right-hand end of the 
front frame inemher 8 aid in engagement with 
the stop & 3. During this endwise travel of the 
irgining die member 2 the workpiece innoves with 
it toward the right and away from the locating 
Stop 6b of the work support 46d. 

By the bending operation accoinplished on the 
workpiece is during this rocking cooperation of 
tie anvil die member 3 with the ironing die 
nextaber 2, the workpiece is bent to the substan 
tially U-shaped form of the cabinet section 5 
shown in Fig. 10. During this bending operation 
the web da of the workpiece is bent out of its 
OWI plane by the forning of the bends 6a and 
Si6 and the fianges 48 are simultaneously bent 
within their own pianes. The wear strips 42 of 
the iroiling die member hold the flanges 4b of 
the workpiece against the wear strips 52 of the 
anvil die member and prevent wrinkling or 

  



2,688,142 
13 

buckling of these flanges during the formation 
of the bends 6d and 6t. 
While the ironing die member 2 and the anvil 

die member 3 remain in the second position de 
Scribed above, the magnetic chucks of the groups 

5 and 6 of the anyi die member. 3 and the 
magnetic chucks of the group 3 of the ironing 
die member are deemergized. Pressure fluid is 
now Supplied to the lower end of the cylinder 93 
to cause the anvil die member 3 to be lifted or 
opened relative to the ironing die member 2. 
The cabinet section 5 resulting from the bend 
ing Operation just performed on the first Work 
piece is now renoved from the anvil die member 
3 and a second workpiece 4c is inserted between 

the anvil die member and the ironing die meinber 
so as to be supported on the latter with its right 
hand end in abutting engagement With the hook 
shaped stop 47b of the work support 3. The 
right-hand end of the workpiece 4c overlies the 
magnetic chucks of the group f : A. The chucks 
of the group f 4 are now electrically energized 
to grip the workpiece for attaching the same to 
the ironing die carrier 39. 

Fluid preSSure is now Supplied to the upper end 
of the cylinder 93, causing the anvil die member 
f3 to be moved downwardly to a closed position 
relative to the ironing die member 2 for clamp 
ing the Second Workpiece 4c therebetween. 
When the anvil die member has been thus noved 
to its closed position it will occupy the above 
mentioned second position represented by the 
broken line position 3b of Fig. 4. At this time 
the magnetic chucks of the anvil die member 
Which constitute the groups in and 8 will also 
be in engagement With the Workpiece c. The 
chucks of the groups and f 8 are now elec 
trically energized to grip the second workpiece 
4c for attaching the same to the anvil die 
member. 
By Supplying pressure fluid to the upper end 

Of the cylinder 89 the anvil die member 3 Will 
be now swung in a clockwise direction, as seen 
in Fig. 4, in rocking cooperation with the ironing 
die member 2 to carry out a similar bending op 
eration on the second workpiece lic. During 
this SWinging movement the anvil die member 
3 travels through a second half cycle from the 
Second position 3b through the broken line po 
Sition f3a back to its initial full line position 
above the right-hand end of the front frame 
member 8. During this return swinging move 
ment of the anvil die member 3, the ironing 
die member f2 likewise travels back from its sec 
Ond position to its initial full line position above 
the left-hand end of the front frame member 
8 and in engagement with the stop 43. 
When the anvil die member 3 and the iron 

ing die member 2 have been thus returned to 
their initial positions, the magnetic chucks of 
the groups 4, 7 and 8 are deenergized to 
release their gripping action on the workpiece. 
PreSSure fluid is now Supplied to the lower end 
of the cylinder 93 to again move the anvil die 
member to an open position, whereupon the 
cabinet Section 5 resulting from the bending op 
eration performed on the second Workpiece Ac 
is removed from the anvil die member and the 
machine is then ready to begin another cycle 
of Operation. 
From the foregoing detailed description of 

the Operation of the bending machine O it, Will 
be seen that each Swinging movement of the anvil 
die member 3 in rocking cooperation with the 
ironing, die member 2, and the corresponding 
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4. 
endwise rectilinear movement of the ironing die 
member accomplishes a half cycle of the per 
formance of the machine and results in a con 
plete bending Operation being performed on One 
workpiece. Similarly, the Swinging movement 
of the anvil die member and the corresponding 
rectilinear movement of the ironing die member 
back to their initial positions accomplishes an 
other half cycle of operation during which a 
complete bending Operation is carried Out on 
a second Workpiece. It Will therefore be seen 
that by each full cycle of operation of the ma-r 
chine, two complete bending operations are car 
ried out to produce two of the cabinet Sections 
f5 in succession from two of the Workpieces 4. 
During the carrying out of the bending op 

erations just described above, pressure fluid is 
Supplied to the cylinder 09 in timed relation to 
the operation of the die members 2 and 3 such 
that the rack 05 and the roller 95b driven there 
by will cause either a positive actuation of the 
ironing die member or will cause a holding or 
braking action on the ironing die member, de 
pending upon the requirements of the particu 
lar Workpiece being operated upon and whether 
the pressure. iiuid supplied to the cylinder 99 
is being used as an actuating medium or as a 
braking medium. The braking action thus ap 
plied to the ironing die member 2 during the 
bending operation results in a more effective 
ironing action by this die member and in the 
Workpiece being Smoothly and accurately shaped 
around the conveX contour of the anvil die mem 
ber. A positive actuation of the ironing die 
merinber may be advantageous for certain work 
pieces and, if desired, can be in a direction op 
posite to that in which this die member nor 
mally tends to move during the bending opera 
tion, in which case the workpiece will be sub 
jected to stretching simultaneously with the 
bending thereof. 

In FigS. 13 and 14 of the drawings a modified 
bending machine 3) is shown which is gen 
erally Similar to the bending machine 0 and is 
adapted to carry out a bending operation on a 
Workpiece 3. So as to produce a bend of a 
progreSSively varying curvature and to also pro 
duce a stretching of the workpiece simultane 
ously with the bending thereof. As shown in 
Figs. 15 and 16, the workpiece f3i may be a 
channel-shaped metal member or bar having a 
Web portion 3 a. and a pair of longitudinal edge 
flanges 3 lb. 
The nodified machine 30 is similar to the 

machine ( in that it is provided with a main 
frame if comprising a laterally elongated front 
frame member 8 having a longitudinal guide 
Way 33 thereon, and a vertically elongated up 
right frame member 29 located in the rear of 
the front frame member at substantially the mid 
point of the latter. Components of the modi 
fied machine 30 which are substantially the 
Same as corresponding components of the ma 
Chine io have been designated by the same ref 
erence characters. The modified bending ma 
Chine 30 also includes a carrier 56 adapted to 
be reciprocated in a guideway of the rear frame 
member 20 by a power cylinder 93, and a sup 
port or face plate 37 mounted on a rockshaft 66 
which is journaled in the carrier 56. In this 
modified bending machine the rockshaft 66 is 
actuated in the same manner as in the bending 
machine 0, that is to say, by gearing which in 
cludes: a vertically movable rack 82 adapted to 
be actuated by a power cylinder 89. This modi 
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fied bending machine is also similar to the bend 
ing machine 0 in that it is provided with a 
group of supporting rolls 95 of which the rolls 
95a are idler rolls and the roll 95b is adapted 
to be driven or controlled through gearing which 
includes a rack C5 actuated by a power cylin 
de 9. 
As shown in Figs. 13 and 14, the modified 

bending machine 30 is provided with an elon 
gated ironing die member 32 mounted on the 
ironing die carrier 39 for eindwise reciprocating 
movement along the guideway 33. The ironing 
die member 32 is here shown as being relatively 
narrow as compared with the ironing die nein 
ber 2 and is in the for in of a channel-shaped 
neinber having a longitudinal die, recess 32d. 
defined between a pair of parallel fianges 32b 
and adapted to receive the Workpiece 3. 
For cooperation with the ironing die inenber 

32, the bending machine E35 is provided with 
an anvil die raernber 33 which is also of a dif 
ferent form than the anvil die member 3 of 
the machine 3. The anvil die neinber 33 is 
non-Syrimetrical and comprises a convexly 
curved body 34 and a convexy curved rib 35 
projecting from Such body and engageable in 
the channel recess 32d of the ironing die men 
ber 32 for rocking cooperation with the latter. 
The convex curvature of the rib 35 is such that 
this rib comprises a portion 85 cl of a relatively 
Small radius of curvature and a portion 35th of 
a relatively large radius of curvature. The cur 
watures of the portions 33d and 35th merge 
Smoothly with each other and are preferably 
of a progressively varying value throughout the 
length of the rib 35 and nay, for example, coin 
form to the shape of an involute curve. 
The anvil die member 33 is mounted on the 

Support 57 as by means of the filler block i33 
Such that this anvil die member will be swung 
by the oscillating novernet in pated to the Sup 
port 5 by the rockshaft 63. When the Work 
piece i3 has been placed in the ironing die 
member 32 and the anvil die reinber 33 has 
been noved to its closed position in clanping 
Cooperation with the ironing die member and 
Workpiece, as shown in Fig. iS, the machine is 
ready for carrying out the bending operation 
by a counterclockwise SWigging of the anvil die 
member by movement supplied by the power 
cylinder 89. 

During this counterclockwise swinging of the 
anvil die member, the rib 35 rocks in the 
channel-recess of the ironing die member 32, 
causing the workpiece to be wrapped around the 
convexiy curved rib and to assume the Sane 
curvature as this rib. During this bending oper 
ation the Web 3d of the workpiece is ibert out 
of its own plane and the flanges 3 b are bent 
within their own planes and are held between 
the adjacent faces of the die meinbers So that 
Wrinkling or buckling of these flanges is pre 
vented. 
As shown in Fig. 13, the various surface por 

tions of the top of the rib 35 are at varying 
radial distances from the rotation axis 37 of 
the Support 5 and during the rocking cooper 
ation of the anvil die member 33 with the iron 
ing die member 32 the support, 52 is permitted 
to move upwardly as is indicated by the broken 
line positions 5d. During this upward move 
ment of the anyil die ineraber 33 the clariaping 
pressure thereof, against the workpiece 3; and 
the ironing die member 32 is maintained by the 
power cylinder 93. The broken line position 
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33d shows the location of the ironing die inel 
ber at the completion of the bending operation 
eing carried out on the workpiece 3. 
In carrying out this bending operation it will 

be understood, of course, that the ironing die 
member 32 travels toward the right along the 
guideway 33 and that Such movement can be 
controlled by the power cylinder 39. The con 
trol provided by the power cylinder 9 can be 
a positive actuation of the ironing die carrier. 
in either direction or can be a braking action 
which resists novernein, of the ioning die inell 
ber 32 during the bending operation. The con 
trol thus provided by the cylinder 33 for the 
novement of the ironing die member 32 during 
the bending operation per its this operation to 
be carried out so as to produce merely a Sinhple 
bending of the workpiece 3 i, that is to Say, a 
bending of the Workpiece With Substantially no 
longitudinal stretching thereof, or to be carried 
out so as to produce a longitudinal stretching 
of the workpiece during the ending thereof. 
The modified pending inachine 3 also differs 

from the bending nacinine in regard to the 
work gripping ineans provided for gripping the 
Workpiece 3:. As shown in Fig. 13 the iron 
ing die carrier 38 is provided at the left end 
thereof with a rechainical gripping device or 
chuck 39, in this instance a hydraulic chuck, 
which is adapted to grip the left-hand end of the 
Workpiece. The anvil die aerber 33 is also 
provided with a mechanical gripping device or 
chuck & , in this instance a hydraulic chuck, 
which is adapted to grip the right-hand end of 
the Workpiece 3:. The chuck 46 is Suitably 
mounted for novement With the anvil die men 
ber 33, such as by being attached to this die 
member or to a filler block 48 carried by the 
support, 5 , and is located it; Inediately adjacent 
the end of the portion 35a, of the rib of the 
anvil die member. During the rocking of the 
anvi die member in carrying out the bending 
operation on the workpiece 32, the chuck 40 
moves upwardly to the dotted line position 
thereof shown in Fig. 13. 

Upon the completion of the bending operation 
carried out by the inodified inachine 3, the 
chuck 33 is deenergized and at Substantially the 
same time or in mediately thereafter the anvil 
die member 33 is lifted slightiy to release the 
clamping pressure on the Workpiece. The iron 
ing die member 32 is then noved to the left 
back to its initial position by means of the cyl 
inder 9, thereby disengaging the previously 
deenergized chuck 33 from the workpiece 3. 
he aavil die Kneber S3 is then raised clear 

of the ironing die inenber 32 and, at Substan 
tially the same time, the chuck is is deeiner 
gized and the bent Workpiece 3 is removed from 
the inachine. 

In both of the bending machines and 30 the 
Work gripping means has been shown and de 
scribed as being movable With the ironing die 
carrier but bends can be carried out on many 
workpieces. Without need for these gripping de 
vices. When these gripping devices are omitted 
from the ironing die carrier or are not used, the 
clamping preSSure exerted by the anvil die mem 
ber produces a drag between the workpiece and 
the ironing die member which is sufficient for 
carrying out the bending operation on the work 
piece. At this time the translatory movement of 
the ironing die line:mber is produced or controlled 
by the action of the power cylinder to 9. 

Likewise, in both of the bending machines 0 
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and 30 the work gripping means mounted on 
the ironing die carrier 39 can be used to cons 
nect the workpiece with this carrier, Such that 
during the rocking of the anvil die meinber a 
pull Will be tranSitted through the Workpiece 
to the carrier for causing the translatory move 
ment of the ironing die member. When thema 
chines are operated in this manner the cylinder 
9 and the rack and pinion elements 05 and 
64 can be omitted or can be used merely to 

return the ironing die member to its initial posi 
tion. , 
From the atccompanying drawings and the fore 

going detailed description it will now be under 
stood that this invention provides improved bend. 
ing niacaines capable of rapidly and Smoothly 
carrying out desired bending operations on 
Various Workpieces, and particularly on an elon 
gated longitudinally flanged workpiece by the 
bending of the web portion of the Workpiece out 
of its own plane and the bending of the flarges 
Within their own planes without Wrinkling or 
bicking thereof. It Will also be seen that only 
two die members of a relatively simple form are 
needed in the improved machines and that the 
rechanism for supporting and actuating the die 
members is also relatively simple. Additionally, 
it Will be seen that this invertion makes possible 
the bending of such. Workpieces in one form of 
the improved machine at a relatively rapid rate 
and With the accomplishment of a complete bend 
ing Operation during each half cycie of Operation 
(of the machine. It will also be understood that 
the present invention provides for carrying out 
Such a bending in Which a simultaneous stretch 
ing of the Workpiece is accomplished during the 
bending thereof. It Will be understood further 
more, that in the bending operations carried out 
in accordance With this invention a Swinging 
novement is iraparted to the anvil die renoer 
to cause a rocking cooperation of this die men 
her with the ironing die member during which 
the ironing die member has an edgewise or end 
Wise rectilinear translatory movement. In brief, 
it will now be recognized that the presentifiver 
tion provides an improved bending machine in 
which the bending dies and the actuating mecha 
risin therefor are greatly sinciplified and function 
in a ringhore direct and Satisfactory arrier 
than in the beiding nacies of the Swinging 
Wiing type which have been proposed and used 
teetofore, 
Having thus described any invention, E. claira: 
... in a bending nachine of the character de 

Scribed, a frane, naeans on Said frame defining 
a longitudinal guideway, table portions on said 
frane extending longitudinally of said guideway 
and having their adjacent ends spaced apart to 
define a fraine opening, an ironing die means 
adapted to receive a workpiece thereon and being 
adapted for 'ectilinear movement along said 
guideway and over said frame opening, an anvil 
die means, means mounting. Said anvil die means 
on said frame in a transversely extending relation 
to Said guideWay and for closing and Opening 
raowenents relative to said ironing die means for 
clamping or releasing Said Workpiece, Said 
mounting means also providing for SWinging of 
said anvil die. means in rocking. Cooperation. With 
Said ironing die means for bending the WOck 
piece therebetween and around a portion of said 
anvil die means, first and second power devices 
operable to cause said opening and closing move 
ments and said: Swinging. movement of Said anvil 
die means in succession, gripping devices asso 
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ciated with said ironing die means and Said anvil 
die means and adapted for gripping engagement 
with said workpiece at spaced points thereof, 
roller means located in Said, frame opening and 
adapted to Support Saidironing die means against 
defection by the clamping action of Said anvil 
die means, cooperating gear elements interCon 
necting said ironing die means with Said roller 
means, a double acting fluid pressure cylinder 
device mounted on said frame, and cooperating 
gear elements forming an operative connection 
Getween said cylinder device and said roller 
nea.S. 

2. In a bending machine of the character de 
scribed, a frame, means defining a laterally ex 
tending longitudinal guideway on Said frame, 
rleans: defining a Substantially Wertical guideWay 
On said frame adjacent the midpoint of Said 
longitudinal guideway, a pair of cooperating die 
lenbers comprisiagar anvil die nember and a 

ironing die member adapted to receive elongated 
workpieces therebétween in S3ccession to be bent, 
Said ioning die Frienber being elongated in the 
direction of Saidcngitudiinal guideway and recip 
roca.oly nowable endWise therealong from an 
initial position to a Second position and then back 
to Said initial position, carriet means movable 
along Said vertical guideway, a Support, mounted 
On Said carrier means SO as to be capable of 
OScillating movement about an axis extending 
transversely of Said longitudinal guideway, said 
an Will die member having a convexly curved Sur 
face portion and being carried by said support 
in overhanging relation to said longitudinal 
guideway for noverinent by Said carrier means 
into claringing cooperation. With said ironing die 
Ineringer for clamping said: Workpieces against the 
latte' and to be oscillated by said support with 
Said convexly curved Surfaceportion in rocking 
cooperation with Said ironing die member from 
an initial anvil die position to a second anvil die 
position for bending a first workpiece between 
Said die members and around said anvil die 
member and then from Said second anvil die 
position back to Said initial anvil die position for 
bending a Second Such Workpiece between said die 
members and around said anvil die member, a 
first actuating means connected with said carrier 
means for causing Saidi movement thereof along 
Said vertical guideway, a second actuating means 
mounted. On Said carrier and operable to impart, 
Said oscillating movement to said support, said 
ironing die member being movable to and from 
its Second position simultaneously with the 
SWinging of Said anvil die member to and from 
Said Second anvil die position, and a double acting 
fiuid- pressure cylinder device effective on said 
ironing die member for controlling the rate of 
endwise-movement thereof during the bending of 
Said. Workpieces, 

3. In a bending machine of the character de 
Scribed, a frame, a first guideway on said frame, 
a Second guideway on said frame and extending 
in a direction Substantially normal to the first 
guideway at a point intermediate the ends of the 
latter, carrier means movable along said second 
guideway and including an oscillatable support, 
a pair of cooperating die members comprising 
an anvil die member and an ironing die member 
adapted to receive elongated workpieces there 
between in Succession to be bent, said ironing die 
member being elongated in the direction of said 
guideway and reciprocably movable endwise 
therealong from an initial position to a second 
position and then back to said initial position, 
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said anvil die member being carried by said Sup 
port for movement by said carrier into and out 
of work clamping cooperation with said ironing 
die member and adapted to be swung by Said 
Support in rocking cooperation. With Said ironing 
die member from an initial anvil die position to 
a second anvil die position for bending a first 
Workpiece between said die members and around 
Said anvil die member and then from Said Second 
anvil die position back to said initial anvil die 
position for bending a Second Such Workpiece 
between Said die members and around said anvil 
die member, pairs of gripperS aSSociated With said 
ironing die member and Said anvil die member 
for gripping engagement of one gripper of each 
die member With Said first and Second Workpieces 
in Succession, means Operable to move Said car 
rier means along Said Second guideWay, means 
operable to impart oscillating movement to Said 
support, said anvil die member being movable to 
and from its second position simultaneously With 
the Swinging of Said anvil die member to and 
from Said Second anvil die position, and combined 
braking and actuating double acting pressure 
fluid cylinder means operatively connected be 
tween said frame and said ironing die member 
and effective to impart braking and actuating 
forces to the latter. 

4. In a bending machine of the character de 
Scribed, a frame comprising a laterally elongated 
front frame member and an upright frame mem 
ber at the rear Of the intermediate portion of 
Said front frame member, means defining a later 
ally extending longitudinal guideway on said 
front frame member, means defining a substan 
tially vertical guideway on said upright frame 
member, ironing die means adapted to receive 
thereon a Workpiece to be bent and being adapted 
for rectilinear novement, along Said longitudinal 
guideway, a slide novable along said vertical 
guideWay, a face plate, pivot Shaft means mount 
ing Said face plate on Said slide for pivotal move 
ment about an axis extending transversely of 
Said longitudinal guideway, an anvil die member 
carried by Said face plate in overhanging relation 
to Said ironing die means, actuating means 
adapted to move said slide along said vertical 
guideWay for causing opening and closing of said 
anvil die member relative to said ironing die 
means and to cause clamping of said workpiece 
against the latter, Said anvil die member being 
adapted for rocking COOperation. With said ironing 
die means by the pivotal movement of Said face 
plate for bending Said Workpiece around said 
anvil die member, a power cylinder movable with 
Said Slide, and means operably connecting said 
power cylinder with said pivot shaft means for 
causing the pivotal movement of said face plate. 

5. In a bending machine of the character de 
Scribed, a frame comprising a laterally elongated 
front frame member and an upright frame mem 
ber at the rear of the intermediate portion of 
Said front frame member, means defining a later 
ally extending longitudinal guideway on said 
front frame member, means defining a substan 
tially vertical guideway on said upright frame 
member, ironing die means adapted to receive 
thereon a Workpiece to be bent and being adapted 
for rectilinear movement along said longitudinal 
guideway, a slide movable along said vertical 
guideWay, a face plate, pivot shaft means mount 
ing Said face plate on Said slide for pivotal move 
ment about an axis extending transversely of 
Said longitudinal guideway, an anvil die member 
carried by Said face plate in Overhanging relation 
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to Said ironing die means, actuating, means 
adapted to nove Said Side along Said Vertical 
guideWay for causing opening and closing of said 
anvil die member relative to Said ironing die 
means and to cause clamping of Said workpiece 
against the latter, said anvil die member being 
adapted for rocking cooperation with said iron 
ing die means by the pivotal movement of said 
face plate for bending said Workpiece around said 
anvil die member, a power cylinder movable with 
Said slide, means operably connecting said power 
Cylinder With Said pivot shaft means for causing 
the pivotal movement of said face plate, roller 
means On Said front frame member adapted to 
Support Said ironing die means and being located 
in Said longitudinal guideway at a point substan 
tially opposite Said vertical guideway, gear ele 
mentS Connecting said ironing die means with 
Said roller means, and a double acting pressure 
fluid cylinder power device operably connected 
With Said roller means and effective on said iron 
ing die means through said gear elements. 

6. In a bending machine of the character de 
Scribed, a frame comprising a laterally elongated 
front frame member and an upright frame men 
ber at the rear of the intermediate portion of said 
front frame member, means defining a laterally 
extending longitudinal guideway on said front 
frame member, means defining a substantially 
Vertical guideway on said upright frame member, 
ironing die means, adapted to receive thereon a 
Workpiece to be bent and being adapted for rec 
tilinear movement along said longitudinal guide 
Way from an initial position to a second position 
and then back to Said initial position, a slide 
movable along said vertical guideway, a face plate, 
pivot Shaft means mounting said face plate on 
Said Slide for pivotal movement about an axis 
extending transversely of said longitudinal guide 
Way, an anvil die member carried by said face 
plate in overhanging relation to said ironing die 
means, actuating means adapted to move said 
slide along Said vertical guideway for causing 
Opening and closing of said anvil die member 
relative to Said ironing die means and to cause 
clamping of Said workpiece against the latter, 
Said anvil die member having thereon a convexly 
curved Surface portion adapted for rocking co 
operation with Said ironing die member by the 
pivotal movement of Said face plate for swinging 
Said anvil die member from an initial position to 
a Second position and thereby bending a first 
Workpiece around said anvil die member and 
from Said Second position back to said initial 
position for bending a second workpiece around 
Said anvil die member, a pair of work gripping 
devices movable With said ironing die means and 
located adjacent opposite ends thereof, a pair of 
Work gripping devices movable with said anvil 
die member and located on opposite sides thereof, 
Said gripping devices being effective for gripping 
engagement of One gripping device of each pair 
With Said first and second workpieces in succes 
Sion, a power cylinder movable with said Slide, 
means Operably connecting said power cylinder 
With Said pivot shaft means for causing the piv 
otal movement of Said face plate, and a double 
acting fluid pressure cylinder device Operatively 
connected between Said frame and said ironing 
die means. 

7. In a bending machine of the character de 
Scribed, a frame including a laterally elongated 
front frame portion and an upright frame OO 
tion located adjacent said front frame portion 
and intermediate the ends thereof, a first guide 
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way extending laterally along said front frame 
portion, an upright second guideway extending 
along said upright frame portion and in a direc 
tion substantially normal to said first guideway, 
a laterally elongated ironing die means adapted 
to receive an elongated workpiece thereon and 
being movable along said first guideway, carrier 
means movable along said second guideway, a 
Support, means mounting said support on said 
carrier means for oscillatable movement about 
an axis extending transversely of said first guide 
Way, anvil die means carried by said support and 
disposed in overhanging relation to said first 
guideway and being movable by said carrier 
Imeans into clamping cooperation with said iron 
ing die means for clamping said workpiece there 
between, said anvil die means having a convexly 
Curved Surface portion which is rockable against 
Said ironing die means by the Oscillatable move 
ment of Said Support for bending said workpiece 
between said ironing die means and said anvil die 
neans and around the latter, actuating means 
operable to cause movement of said carrier means 
along Said Second guideway, and a second actuat 
ing means located on said carrier means and op 
erable to cause the oscillatable movement of said 
Support. 

8. In a bending machine of the character de 
Scribed, a frame, a first guideway on said frame, 
a Second guideway on Said frame and extending 
in a direction Substantially normal to the first 
guideway at a point intermediate the ends of the 
latter, ironing die means adapted to receive a 
workpiece thereon and being movable along said 
first guideway, carrier means movable along said 
Second guideway and including an oscillatable 
Support carried thereby, anvil die means carried 
by Said support So as to be disposed in a trans 
versely extending relation to said first guideway 
and being movable by said carrier means into 
clamping cooperation with said ironing die means 
for clamping said workpiece therebetween, grip 
ping devices associated with said ironing die 
means and Said anvil die means and adapted to 
grip said workpiece at spaced points thereof, said 
anvil die means having a convexly curved sur 
face portion which is rockable against said iron 
ing die means by an oscillating movement of said 
Support for bending said workpiece between said 
ironing die means and said anvil die means and 
around the latter, actuating means operable to 
cause movement of Said carrier means along said 
Second guideway, a second actuating means op 
erable to cause the oscillating movement of said 
Support, and a combined braking and actuating 
double acting fluid pressure cylinder device op 
eratively connected between said frame and said 
ironing die means and effective to impart brak 
ing actuating forces to the latter, 
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9. In a bending machine of the character de 

scribed, a frame including a laterally elongated 
front frame portion and an upright frame por 
tion located adjacent said front frame portion 
and intermediate the ends thereof, said front 
frame portion having longitudinally aligned table 
portions and a frame opening between the ad 
jacent ends of Said table portions, a first guide 
way extending longitudinally of said aligned 
table portions, an upright second guideway ex 
tending along Said upright frame portion and in 
a direction substantially normal to said first 
guideway, a laterally elongated ironing die means 
adapted to receive an elongated workpiece there 
On and being movable along Said first guideway 
and across said frame opening, carrier means 
movable along said second guideway, a support, 
means mounting Said Support on said carrier 
neans for OScillatable movement about an axis 
extending transversely of Said first guideway, 
anvil die means carried by Said support and dis 
posed in overhanging relation to said first guide 
way and being movable by said carrier means 
into clamping cooperation with said ironing die 
means for clamping Said workpiece therebetween, 
Said anvil die means having a convexly curved 
Surface portion which is rockable against said 
ironing die means by the oscillatable movement 
of Said Support for bending said workpiece be 
tWeen Said ironing die means and said anvil die 
means and around the latter, roller means 
mounted on said frame and supporting said iron 
ing die means at the location of said frame open 
ing, actuating means operable to cause move 
ment of said carrier means along said second 
guideway, a Second actuating means located on 
Said carrier means and operable to cause oscil 
lating movement of said support, and a double 
acting fiuid preSSure cylinder device mounted on 
Said frame and operatively connected with said 
ironing die means through said roller means. 

LEE. B. GREEN. 
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