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6 Claims.

This invention relates to the bending of tubes
and is particularly applicable to the formation
of a number of bends in a length of tube of
metal which can he bent in the cold and, for ex-
ample, of metal such as annealed copper, mild
steel or aluminium alloys which have been nor-
malised.

The object of the invention is to provide bend-
ing appliances which enable bends to be formed
‘in tubes expediftiously by means of unskilled

10

labour and as free as possible from deformations .

of the cross-sections of the tubes such as may

be occasioned by kinks, flattening on the outside .

of the bend and wrinkling on the inside of the
bend.

The 1nvent10n is in fact concerned w1th tools '

for use in the method of bending which is well
known and in which profiled forming dies are
employed, the tube to. be bent being clamped
at one point to the die and bent down into con-
tact with the profile by a lever-like tool which
can exer{ pressure on the outer surface of the
tubes. . In machines which have been proposed
for that purpose, a handle or shaft to be used
as the bending lever was to be pivoted to the
forming die at the centre of the arc-shaped por-
tion of the profile and a grooved slipper or block
with a straight working surface, arranged in a
part of the tool forming a housing for the slip-
per so as to be pressed into contact with the
tube to be bent and so as to be capable of sliding
in the housing, the pressure being applied by a

roller on the back of the;slippqr at a point oppo-’

site the pivot of the handle;
- .The present invention provides a form of bend-
ing appliance’in which the bending is rendered
more gradual by providing a second roller to press
upon the back of the slipper at a point in ad-
vance, in the direction of bending, of the roller
which is opposite the pivot and which thus acts
at the point of maximum bending moment while
the housing in which the slipper is arranged to
slide is itself arranged to slide relatively to the
head of the appliance and to be secured to the
head when the slipper has. been brought into
contact with the tube to be bent. Such an appli~
ance made in accordance with the invention may
be readily arranged for making both clockwise
and counterclockwise bends by forming in its
‘head two alternative apertures for engagement
" with the pivot'on the forming die, each having
its axis in a plane at right-angles to the length
of the slipper and containing the axis of one of
the said two rollers; then if one of the apertures
is utilised, the roller opposite it bears on the
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slipper at the point of maximum bending mo-
ment and, in effecting the bend, the appliance
is turned about the pivot in the direction such
that the other roller bears on the slipper at a
point in advance of the point of maximum bend-
ing moment.

In a partmular form of construction, the said
housing is carried by a sleeve which is arranged
to slide on but not to turn with respect to the
shaft so. that the slipper may be brought into
contact with the tube to be bent and held by
moving the sleeve along the shaft and secur-
ing it in position.. The slipper may be arranged
to slidé in a channel between cheeks in the hous-.
ing which is furnished with pins or projections
engaging in grooves in the sides of the slipper. In
order to prevent the slipper leaving the housing

‘and to limit the amount of the relative displace-

ment - between the slipper and its housing, the
slipper may be provided with a stop plate at each
end in position to be engaged by one or other of
the rollers T

The forming die has to be’ ﬁxed rigidly in
position and, for that purpose, a bracket with
a seating or bedding surface for the die may -
be provided with a key-hole slot to receive a
bolt- by means of which the forming die is se-
cured -and which also constitutes the pivot for
the bending appliance; the forming die may then
be prevented from rotation by providing a pro-.
jection integral with it which also engages the

. slot in the bracket. The tube to be bent may he

held against the forming die to preven} spring-
back by a screw cramp which is secured to the
die by a pin fixed to the latter engaging a notch

.~ in the side of the body of the cramp.
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- example of a bending appliance and examples of
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The inventior obviously can be utilised in bend-
ing machines in which a number of forming dies
having arcuate profiles. of different radii are
secured. to brackets mounted on a bed in such
positions that a number of successive bends can
be made conveniently in a single length of tub-
ing. Such supporting brackets can be made of

- appropriate shapes and with their seating sur-
‘faces set at appropriate angles in order that bends

may be easily made in planes at any desired rela-

“tive angles and at any desxred pomts along the
" length of tubing.

In order that. the mventlon may be clearly
understood and readily carried- into effect, an

forming dies with which it may be employed will
now bé more fully described with reference to
the accompanying ‘drawings in which:

Figure 1 is a plan of a bending machine ac-



cording to the invention equipped with a num-
ber of forming dies having profiles of different
radii for use in forming a number of bends in
succession, . in different planes, in a length of
tube; .

Figure 2 is an elevation as seen in the direction
of the arrow-A:in-Figure.1, of-one.of-the:form=
ing dies and.its:supporting bracket;:

Figure 3 is a similar view of a second forming

die and bracket as seen in the direction of the: !

arrow B in Figure 1;
Figure 4 is a similar view of a third-formr of*

forming die and bracket as.seen in:the.direetion:.

of the arrow C in Figure 1;: while:.

Figure 5 is a similar elevatlon of.a:fourth. em- 1

bodiment of forming die and bracket for forming

bends in a plane intersecting .thoese of.the bends -

formed by the dies shown in Figures:2:to 4;

Figure 6 is a side elevation of a bending tool
or appliance adapted for use in bending tubes:on
the forming, dies.shown in Figures.2 to 5, the.
appliance. being :shown..in. co-operation.. with a.
forming. die. according to..Figure 2.or Figure 3;

Figure 7 is an.elevation.of the appliance: seen.
at:right-angles. to Figure.6, with certain.parts.in.
section;

Figure 8.is:an elevation of a.forming.die with a
cramp.in position. for.holding.the.tube to be.bent.
to.the:forming die.at.the entering,point .of the.
latter; and.

Figure 9.is.a: plan.view 'of .the.device: shown in.
Figure. 8;

In-Figures 1. to.5.. of the drawings;.1.is.the bed--
plate. of: the bending. machine. to. which. four.
brackets.2qa, 2b, 2¢, and .2d of difféerent.configura-.
tions. are.secured .by. screws. {a.. The. brackets.
serve .for anchoring;in.position.the_four forming.
dies..4.s0. as:to-enable: four.bends.to.be.formed.
in.succession in a.single.léngth. of. tube.- 28 in,
different.planes. .

It will be seen.that.each of the. forming.dies.
4 consists of a steel platé with a profiled. periph-
ery of:a.shape -to. give.the desired .shape to.the
bend; the.profile consists of .an.arc-shaped por-
tion.with a. straight. or.flat portion.to.either side,
to limit. the. amount.of- overbend.. However, the:
shape: of: the. forming .die-is:usually, not_the.final.
shape.of the.tube . desired but is.made to allow.
for.a .slight.spring-back.of the:tube. when_the.
latter is.released.from.engagement with the die.
The periphery.of each.forming, die. 4 is.formed.
with a.groove.9: having,a. cross=section .conform-
ing.to.one half. of. the outside.of the_tube to. be.
bent...

Each. forming, die. is. bedded on.t0.a. ﬂat sur~ 5%

face of its_bracket.2q, 2b,.2¢, or. 2d, which is.
shaped.to.lie in.a.plane parallel to that in.which
the- respective .bend._is_to be made.. Thus, the
bedding. surfaces-of the bracKets 2¢. and 2b.are.
vertical; while that of the bracket. 2c.is horizontal
and that. of. the bracket. 2d is inclined. The.
bracket 2b is furnished with.a.cranked part. 30.
on which its bedding, surface. is.formed..

Each forming. die 4.is fixed on the.bedding. sur-
face.of. the bracket 2a, 20, 2¢, 2d and secured in.
‘position. by the following means. A slot 3 of Key-
holé form.is.provided in.each of ‘thie brackets and
a bolt' 6 engages a holé in the forming:die; the.
axis of which_lies at. the centre.of*tlie arc-shaped
portion .of the profile.of the férming die 4. The
shank_of_the bolt 6 hHas a part.6¢ which fits tlie
enlarged. end of ‘the kKey=holé slot 3 and a screw-
thireaded . part.6b of smaller diameter which can
slide in the.narrower part of. tlie key-hole slot 3.
The formihg die.4is.locked in.position by tight-

tlre tube being bent on a previous die.
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ening up a nut 8 on to the bolt 6 so as to draw
the larger part 6a of its shank into the enlarged
end of the key-hole slot 3. In this way, the
parts are prevented from sliding in the slot 3
and rotation of the forming die 4 is prevented by
engagement of a pin 5§ integral with the forming .
die 4 in-the narrow part-of theslot 3. . The form-

ing:.dies: 4: can be-readily moved ‘out.of the way
when necessary to avoid obstructing the sweep of
This is

. effected by. loosening the nut 8 sufficiently and
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pushing -the-bolt 6 axially until the smaller part
6b- of -its-shank-engages in the slot 3 when the

-whole: canr-slide .along the slot 3. Then when it
215~ desired: to: position the forming die 4 accu-

rately and lock:it in-position, the bolt 6 is caused

-to_slide. along .the. .slot 3 until it engages the

enlarged.'end: of the slof, whereupon the nut 8
is tightened to draw the larger part 6c¢ of the
boit:6-into the slot 3. The bolt § is formed with
a.cheese head .7 which_also.serves.as.a. pivot for
the:bending tool or appliance as-will be.explained.
below..

In making a.bend.in the. tube. 29, the.part of.
the _tube where, it enters the.groove 8.in the
forming, die_4 has.to be Leld fitmly, against the
dié so as to prevent it from beihg sprung away.
from. the.die.3. during the. bending_ operation.
A'simple arrangement. for. this. purpose is.shown.

. in. Figures 8 and 9. A further.pin. {0 projects .

from. the fdce of ‘the forming di€. 4 in position.
to engage. a_noteh. {i.in the body of..a screw.
cramp. 2; . When this. cramp, . 12_is tightened, it.
efféctively. Holds thie.tube 29 at. the entering point.
in the groove 9'in the forming die 4.

The tube 28, thus held in position,.is bent inte
contact” with' the. profile. of "the férming die. §.
by.means of the tool or appliance shown.in Fig--
ures 6 and 7. TIiv those figures, the appliance is
shown in. position eng_ag;ng,,the head.. 1 of_the
bolt” 6 which thus forms.the. pivot for the ap-
pliance to turn with respect to the forming die
4'which is 16cked to the bracket 2¢ in.the -manner.
aliready described.

THe .appliance consists of a._handle. or. shaft 20
Having at its upper.end a head 26 provided. with
two. . holes_21, 27a, eitlier of 'which. _can. be made.
to engage. over tlie pivot T, .and.a block compris-
ing..a sleeve.19 screwed into_a_ housing. i3 for a
sboe or slipper 14. The sleeve {9 is prevented.
fiom.turning on the Handle 20 by a key 21 en-
gaging. a.keyway, 22 in_the_part_i8 of the housing-
{3, but the sleeve can.slidé.over. the. handie 20.to.
bring the slipper {4 ‘towards. or away, from. the
tube 29.to be bent and;.in order to Hold the. slip-
per. 14 in contact with the_tube 29,.a nut.23 with.
a’ conical nose. 24 entering, a socket 25 on the
sleeve .197is arranged to.screw on the handle 20
so . thHat when tightened” up, it maintains the
slipper 14 in.contact with the tube 28. In. this
way, the hand.appliance is arranged. to. effect
bends.on. forming dies of different radii.with the
minimum of . readjustment. The slipper. {4 is g
bar. with a. straight upper. workihg suzface. but.

5. with its. upper surface shaped to conform with

the cross-section .of the tube. 28;. if.is. howused
between. cheeks 13a..0of the housing. 13 to_slide
in the channel between those chieeks. The.cheeks,
134 are provided with pins 15 engaging in chan-
nels 16 in the slipper.{4. Below the slipper {4,
a pair of thrust.rollers {T are journalled in the
Housing 13 and it will'be.observed that the axis
of ‘each .of 'the rollers IT:lies in.a plane at right-
anglésto the slipper 14 which also.passes through
ther axis of “one-of "the holes 27, 2Ta. The.pur-
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pose of .that arrangement is as follows.. When'
one of the holes, for example, as shown-in Figure
6, the hole 27a, engages the pivot 1, one of the
rollers 17 is immedlately opposite - the’ pivot 1

while ‘the other roller 17-is laterally offset. “In
Figure 6, the bend has just been completed by &’

clockwise turning of the handle 20 "about ‘the
pivot 1.

hand roller 17 is in advance of that point-in’the

direction of: bending and thrusts on the slipper:
14 to effect the first stage in"bending the tube 29;

If'a counterclockwise bend is to be made, the-
hole 21 is engaged with the pivot T and the func~’
tions of the two rollers I7 are interchanged, the'

right-hand roller. IT then being in advance of the
point of maximum bending moment in the direc-
tion of bending. During the bending operation,
the slipper. 14 slides in the housing 13 but does

“Therefore, -during the bending, the
right-hand roller {7 maintains-contact between
the slipper (4 and the forming die at the point’
of maximum bending moment, while:the 1eft-:

10

3

tothe- proﬂle of a formmg die compnslng, ‘a'shaft’
w1th an integral head formed w1th a'pair of alter=
native apertures ‘for engaging 'a ‘pivot on ‘the’
formirig- die ‘and relatlvely dlsplaced perpendicu-'
lar to the axis of said shaft, a hHousing slldably*
mounted on said-shaft, a bearing slipper slidably’
mounted in said housing to-be moved with the:
latter into contact with the ‘tubing to be bent;
a’roller mounted in said- ‘housing: to bear: upon: .
the rear face of said slipper and journaled about’
an‘axis:lying ‘substantially ‘in:a ‘plane perpen=:
dicular to the length' of 'said: slipper and:pass-
ing through the axis of one-of said apertures and
a’second  roller also mounted. in.said: housing to:
bear:iipon the rear face of-said slipper and-jour-;
nalied.about an axis lying substantially’in.a sec-.

. ond:plane:perpendicular:to the lengthof said:

20,

not slide relatively to:the tube 28. The slipper .
{4 is furnished with stop plates 28, 28a at its:

ends to prevent the slipper leaving the housing

and to limit the displacement of the slipper 14 23

with respect 'to the rollers T and consequentlyt

with respect to the housing {3.

The course of an operation consisting in mak—‘»

ing & -number of bends in a Yength of tube 29

can be described with reference to Figures:l to 5. &

In the case of a thin-walled tube, it is first filled
with a material which will prevent the tube walls
from collapsing or becoming distorted in  the
neighbourhood of the bends. For this purpose, a
powdered material may be used or a material
which can be infroduced in the molten condi-
tion and allowed to solidify within the tube. The
tube 28 is then set by bringing a collar or union
31 clamped to it against a setting stop {b fixed
by screws to the bed-plate | and the tube is next
clamped at the point to be hent to the left~hand
side of the first forming die 4 as seen in Figures
1 and 2. The appliance shown in Figures 6 and
7 with the nut 23 slacked back is applied to the
pivot 1, the hole 27 being used as a counterclock-
wise bend is to be made. The second forming
die 4 shown in Figure 3 is moved out of the way
by loosening the nut 8 and sliding the bolt § down
the slot 3 as already described. The slipper {4
is located below the tube 29 and brought up into
contact with it by tightening the nut 23 and the
bend effected by a counterclockwise movement of
the handlé 20 so that the tube 28 is given the
shape seen in PFigure 2, the slipper 14 “ironing

out” the tube on the straight profile of the form-

Ing die to ensure the correct bend. The tube
29 is next clamped at the appropriate point to the
second forming die 4 shown in Figure 3 after
that die has been locked in its correct position.
While the first forming die 4 supports the part
of the tube 29 which has been bent, a second
bhend is then made in a similar way to the first

" except that, as it .is a clockwise bend, the hole
27a is brought into engagement with the pivot T.
Successive bends may then be made around the
forming dies 4 shown in Figures 4 and 5 in a
similar way to the first bends, whereupon all
cramps as shown in Figures 8 and 9 are removed,
the forming dies 4 withdrawn and the tube 29 is
removed in the finished state. The forming die
4 and its bracket 2d shown in Figure 5 are not.
of course, shown in position on the bed-plate {

! m Figure 1.

I claim:

1. An appliance for bending tubing to conform
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slipper ‘and passing through- the ax1s -of -the sec-.
ond of said apertures. a

2. An appliance .for . bendmg tubmg to con—;v
form to the profile of a. forming die- comnrlsmg,.:
4 shaft with an integral: head formed with a pair,
of alternative apertures for engaging a. prOt,, 1,
the forming die and relatively dlsplaced berpen-.
dicular to the axis of said shaft, a housing slid-
ably mounted on said shaft and. formed w1th
a channel directed transversely to, ‘said shaft, a’
bearing slipper mounted to slide in said channelf
and to move with said housing into contact with'
the tubing to be.bent, a plurality of projections
directed inwardly from  each of the side walls
of said channel to engage in longitudinal grooves
in the sides of said slipper, a roller mounted in

_said housing to bear upon the rear face of said

slipper and journalied about an axi$ lying sub-
stantially in a plane perpendicular to the length
of said slipper and passing through the axis of
one of said aperfures and a second roller also
mounted in said housing to bear upon the rear
face of said slipper and journalled about an axis
lying substantially in a second’ plane perpen-
dicular to the length of said slipper and pass-
ing through the axis of the second of sald aper-
tures.

3. An apphance for bendmg tubing to conform
to the profile of a forming die comprising, g shaft
with an integral head formed with a pair of alter- -
native gpertures for engaging a pivot on the’
forming die and relatively displaced perpendicu-
lar to the axis of said shaft, a housing slidably
mounted on said shaft, a bearing slipper slidably
mounted in said housing to be moved with the
latter into contact with the tubing to be bent, a
roller mounted in said housing to bear upon the
rear face of said slipper and journalled about an
axis lying substantially in s plane perpendicular
to the length of said slipper and passing through
the axis of one of said apertures, a second roller
also mounted in said housing to bear upon the

rear face of said slipper and journalled about an

axis lying substantially in a second plane per-
pendicular to the length of said slipper and pass-
ing through the axis of the sécond of said aper-
tures, and s stop plate secured to said slipper
at each end thereof in position to be contacted
by one of said rollers in each of the limiting po-
sitions of said housing relatively to said slipper. .
‘4. An appliance for bending tubing comprising,
5 die-supporting hracket plate formed with a key-:
hole slot, a profiled plate constituting a forming
die, a bolt passing through said profiled plate
and engaging said key-hole slot to form a pivot . .
for a bending tool, said bolt having a portion of
larger diameter to fit the enlarged end of said
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key-hole-slot: and-a portion of smaller diameter-

to, shide in; §ald.kgx-?_1.ola slot, a, nu in threaded

,,,,,,

of; larger diameter thereof into.the enlarged end:
of: sald- key-hole: slot; to, position and. secure-said.
profiled: plate; to- said- supporting bracket plate:
ang, on: being: slackened, to-permit the portion.

of 'said; bolt of smaller diameter. to: slide in. said

key-hole slot and: a. projection integral with said:

profiled; plate to engage-said: key-hole slot and
prevent rotation of:said ‘profiled plate-when same
- is:seeured:to.said supporting bracket plate:

 5; An appliance for- bending tubing compris--

ing, & die-sunporting-bracket: plate formed  with
8- key-hole slot; a. profiled plate constituting a
forming:die, a bolt passing-through said profiled
plate and engaging said key-hole. slot to- form

a pivot for-a bending-tool, a nut in threaded en-.

gagement with said bolt for clamping said pro-

fited plate to said die-supporting-bracket plate,
a-projection integral with-said profiled plate -and:

engaging said key-hole slot to prevent rotation
of; sald proﬁled plate relatively to said- support-
ing bracket plate, a peg projecting from the:

face. of said profiled plate in the nelghbomhood‘

of the entermg end of the profile thereof, and a

sp.id, pgg tp‘ enable the. tubmg to be bent to bﬁ
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held: against: the profile: of said: profiled plate at;
the:entering: end thereof,

6. An appliance for bending: tubing compris-
ing; & die-supporting: bracket plate formed with:

5 & key-hole slot, a. profiled plate constituting a.

ferming-die; & bolt. passing: through said profiled:
plate: and. engaging: said. key-hole slot: to form a-
pivot for a bending tool, said bolt having a por-
tion: of larger diameter to. fit. the enlarged end.

10. of said key-hole slot and a. portion of smaller:

diameter-: to. slide in:said  key-hole:slot; a nut: in.
threaded-engagement: with said bolt to draw the:
portion of larger diameter thereof info the en-
larged: end’ of: said: key-hole:slot. to: position and:

15 secure; said profiled plate- to: said- supporting;

bracket: plate: and; on being-slackened, to. permit;
the: portion, of- said: bolt' of: smaller diameter- to-
slide: in; said- key-hole- slot; a projection integral.
with. said profiled plate to engage said key-hole:

20 slot; and: prevent rotation of said. profiled" plate.

when same is-secured to-said: supporting bracket-
plate; s peg. projecting from the face of-said-pro-
filed; plate: in the:neighbourhood of- the: entering:
end: of the profile: thereof, and a serew-clamp

25 formed- with: a notch engaged by said peg to en-

able: the tubing: to be beni to be held against the:
proflle of said profiled: plate at-the entering end:
thereof:
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