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UNTTED STATES

PATENT OFFICE.

JOHN DONALDSON, OF CHISXVICK,‘ ENGLAND.

APPARATUS FOR BENDING TUBES.

SPECIFICATION forming part of Letters Patent No. 472,969, dated April 12,1892,

Application filed June 30, 1891. Serial No. 398,737, (Nomodel) Patented in England December 27, 1890, No, 21,095 in Ger-
many June 21, 1891, and in France June 22, 1891, No, 214,361, :

To all whom it may concern:

Beitknown thatI, JOEN DONALDSOX, a sub-
ject of the Queen of Great Britain and Ireland,
residing at Chiswick, in the county of Middle-
sex, England, have invented Improvements in
Machinery or Apparatus for Bending Tubes,
(for which I have obtained Letters Patent in
Great Britain, No. 21,095, dated December 27,
1890; in France, No. 214,361, dated June 22,
1891, and in Germany, dated June 21, 1891,)
of which the following is a specification.

This invention has reference to machinery
or apparatus whereby tubes can be readily
and economically bent to curved forms, such
as those of the tubes for steam-boilers of the
kind described in the specification of Let-
ters Patent granted to J. I. Thornyeroft, No.
387,547, of 1888, as I will now proceed to ex-
plain by the aid of the accompanying draw-
ings, in which—

Figures 1, 2, and 3 are respectively a side
elevation, an end elevation, and a plan of a
tube-bending machine or apparatus con-
structed according to this invention. Figs. 4
and 5 are plans showing means whereby the
ends of a tube can be bent to certain special
forms when desired. Fig. 6 isa plan showing
amodified construction of part of the machine
or apparatus. Figs. 7 and 8 are detail views.

1lis a table or bed on which are fixed two
curvedbars2 2%, (hereinafter called “formers,”)
the curvatures of which correspond, respect-
ively, to the curvature of a finished tube is to
have at those parts 8 of it situated at each
side of an intermediate and approximately
central eurved portion 4. Mounted on a slide
5, arranged to work in guides 6 between the
formers 2 2°, and in a direction at right an-
gles to the length of the tube to be benft, there
is a third former 7, hereinafter called for dis-
tinction the “intermediate” former, and which
may advantageously be a grooved wheel, as
shown, free to rotate about a pin earried by
the slide.

The slide 5 can be reciprocated by any con-
venient means. In the arrangement shown
in Figs. 1, 2, and 3 it is operated by a screw-
shaft 8,driven by bevel-gearing 9 from a shaft
provided with a fast pulley 10 and loose pul-
leys 11 and 12. )

13 13" are belt-shifters for the belts 14 143,
one of which is crossed, that ran on these
pulleys. _

15 15* are rods, each provided with a han-
dle 16, whereby either belt can be shifted from
its loose pulley to the fast pulley 10, or vice
versa, as well understood for the purpose of
changing the direction of motion of -the slide
orfor bringing the slide to rest. For this pur-
pose each rod 15 15* is connected to its corre-
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sponding belt-shifter by a lever-arm 17 and .

link 18. In order thatthe motion of the slide
5 in either direction may be arrested auto-
matieally at the desired points of its travel,
the slide is provided with two projections 5°
5°.  When the slide 5 is near the inner end
of its stroke, the projection 5* acts against
one end of a sliding rod 19, the other end of
which then acts against one arm 20 of a lever,
the other arm 21 of which is connected by a
pin-and-slot econnection to the belt-shifter 13,
which is thereby automatically operated to
shift the corresponding driving-belt from the
fast to the corresponding loose pulley. When
the slide is near the outer end of its stroke,
the projection 5° acts against a lever-arm 22
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and operates the belt-shifter 13* through a .

lever-arin 23, rod 24, and lever-arms 25 and
25" to automatically stop the machine.

8% is a wheel whereby the screw-shaft 8 can
berotated by hand. 26is a block, Fig. 7, that
may advantageously be used for firmly hold-
ing the tube to be bent in contact with the
intermediate former 7. This block is fixed
to alever 27,that can be moved in a direction
to hold the tube by a screw-threaded rod 28
and hand - wheel 29. To release the tube

8o

8s

quickly, the rod 28 is forked and provided.

with a pin 30, that can enter a recess in one
side of the upper end of the lever 27, so that,
when necessary, the rod can be quickly dis-
engaged from the lever. )

-In Fig. 6 the slide 5 is reciprocated by the
ram 31 of a hydraulic motor 32 through rods

go

33, one of which carries a tappet 84, which, g5

by acting against a tappet 35 on the valve-

rod, stops the motor and arrests the slide

when the same has moved sufficiently inward.
361is alever for operating the valve by hand.
37 and 38 are guides adjustably mounted
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on the table 1, so that they ean be moved into |

the positions shown and form passages with
the former 2. A guide similar to 37 may also
besimilarly arranged in relation to the former
2°.  Usually, however, the roller 39, herein-
after referred to, can, when moved into the
position shown as a dotted circle in Fig. 3, be
used in lien of a separate guide.

With the arrangement described, when a
straight tube (indicated by dotted lines in

- Fig. 3) has been placed between the said form-

15

ers and guides, the latter can be moved into
positions in which passages will be formed be-
tween them and the formers, and then while
the intermediate former 7 is moving inward
and bending the . intermediate or approxi-
mately-central portion 4 of the tube the other
portions .3 thereof will ‘be partly drawn
through the passages referred to, and in this
way will be caused to assume curved forms
corresponding, respectively, to those portions
of the formers 2 2*located between the gunides
and the intermediate former. As this bend-
ing action takes place, the guide 38 is ad-
justed toward the former 2, in order that the
tube shall closely follow the curvature of the
said former.

To produce a boiler-tube of the kind re-

_ ferred to, that part 2° of the former 2* corre-
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sponding to the portion of tube between the
intermediate or approximately central part
and one end of the former has the shape of
an are of a circle. The two parts 2* and 2°
may be in one piece or in separate pieces, as
shown. To bend the one end of the tube
around this circular portion of the former 2°,
there is provided a roller 39, carried by a ra-
dial arm 40, adjustable radially in a holder
41,that can be partly rotated. For this pur-
pose the holder carries a worm-wheel 42, that
gears with a worm 43, rotated in one direc-
tion or theother from a fast pulley 44 through
change-wheels 45 and shaft 46,

47 is a belt-shifter for moving a driving-
belt from the fast pulley 44 to the loose pul-
ley 48, or vice versa.

47* is another belt-shifter operated by hand
for moving another belt from the loose pulley
48* to the fast pulley, or vice versa.

49 is a handle for operating the belt-shifter
47 by hand through a shaft 50, bevel-wheels
51, shaft 52, arm 53, and link 54.

55 is a lever for automatieally actuating the
belt-shifter 47 to stop the motion of the arm 40
when the roller 39 nears the end of the tube
being bent.
connected by a rod 55* and bell-erank 55° to
one end of a rod 56, (see I'igs. 1 and 8,) the
other end of which is formed with along slot
57, against the end wall 58 of which a pin 59
on the holder 41 acts so as to pull therod and
operate the belt-shifter at the required time.
In order that the portion of the tube left pro-

jecting beyond.the former 2* after the tube-

has been acted upon by the intermediate
former 7 may be bent by the roller 39 in the
direction of the former 2° preparatory to its

IFor this purpose the lever 55 is’

being bent closely around this former, the
roller is pivoted to a carrier 39%, that can be
forced along the rod 40 by an arm 39°, actu-
ated by a hand-lever 39°.

The shaft 46, carrying the worm 43, is car-
ried by brackets 61 and 62, that may be ad-
justably fixed upon the bed 1 to adapt the
machine to bend tubes of different lengths
and to different curvatures. .

In Fig. 8 the left-hand end of the tube is
of circular form to the end. To bend this
end of the tube to an irregular form, as 18
somelimes necessary, the arrangementshown
in Fig. 4is adopted. ~In this arrangement the
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end of the former 2% is made of the desired

irregular shape, as shown,and for the purpose
of bending the end of the tube to correspond
thereto a roller 63 is used, journaled in a
bracket 64, carried by a slide 65, arranged to
movein a direction at rightangles, or approxi-
mately so, to the slide 5. The slide 65 is op-
erated by a screw 65%, driven by any conven-
ient means. It may be by gearing 66 from the
shaft 46.

To bend the other end of the tube-to the
form shown in Fig. 3, another roller or aslide-
block 67 is provided, operated by a serew 68
and erank-handle 69. To enable thisend of
the tube to be partly bent back upon itself,
as is necessary for some of the tubes for a
steam-boiler of the kind referred to, the ar-
rangement shown in Fig. 5 can be adopted.
In this arrangement an adjustable block 67

85 .
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is provided for holding the tube against the

extreme end of the corresponding former 2,

while the unsupported end of the tube isbent -

to the desired extent by a pivoted block 70,
having & straight acting surface and carried
by slide 71. This slide is operated in any
convenient manner—as, for example, by a
serew 72, driven by worm-gearing 73 from a
shaft 74, provided with fast and loose pul-
leys, as shown.

To adapt the machine to bend tubes of dif-
ferent curvatures, the formers 2, 2, 2°, and 7
are made removable and a number of differ-
ent formers are provided to suit the several
forms of tubes to be produced.

I consideritadvantageous that the sarfaces
of those parts of my apparatus that bear
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against the tube while it is being bent should .

be grooved to a form corresponding with the

externgl form of the tube in cross-section.
Where the bend in the tubeis acute, it is ad-
vantageous that the sides of the grooves
should extend up to or past the semi-diameter
of the tube to prevent bulging of the tube.

As will be obvious, machinery or apparatus,

according to this invention, may be modified
to adapt it to bend tubes to various shapes.

‘What I claim is—

1. In a machine for bending tubes, the com-
bination of two rigid formers 2 2%, fixed to the
bed of the machine, an intermediate former 7,
arranged to work between said fixed formers
in a direction at right angles to the tube to
Dbe bent, a reciprocating slide whereon said
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intermediate former is mounted, and means
for operating said slide and intermediate
former, substantially as herein described.

2. In a machine for bending tubes, the com-
bination of two formers 2 2%, fixed to the bed
of the machine, an intermediate former ar-
ranged to work between said fixed formers in
a direction at right angles to the tube to be
bent, means for operating said intermediate
former, and adjustable guides so arranged in
relation to said fixed formers as with them
to constitute passages through which the
tubes will be partly drawn by the action of
said intermediate former, substantially as
herein described, for the purpose specified.

3. In a machine for bending tubes, the com-
bination of two formers 2 2, fixed to the bed
of the machine, an intermediate former 7, ar-
ranged to work between said fixed formers in
a direction at right angles to the tube to be
bent, a roller carried by a rotary arm and
adapted to bend a portion of a tube to corre-
spond toa partof one of said fixed formers, and
means for operating said intermediate former
and said rotary arm, substantially as herein
described. . ‘

4. In a machine for bending tubes, the com-
bination of two formers 2 29, fixed to the bed
of the machine, an intermediate former ar-
ranged to work between said fixed formers in
a direction at right angles to the tube to be
bent, means for operating said intermediate
former, and a slide-block or former 67, ar-
ranged to work in guides removably fixed to
said bed and adapted to bend one end of a
tube partly around the end of one of said
fixed formers, substantially as herein de-
seribed. S

5. In a machine for bending tubes, the com-
bination of two fixed formers, one of which is
partly of circular shape and partly of irregu-
lar shape mnear one end, an intermediate
former arranged to work between said fixed
formers, a roller carried by a rotary arm and
adapted to bend one end of a tube around the
circular portion of said fixed former, an aux-
iliary former adapted to bend the remaining
portion of the end of said tube to correspond
to the irregular-shaped portion of said fixed
former, and means for operating said inter-
mediate and auxiliary formers and said ro-
tary arm, substantially as herein described.

6. In a machine for bending tubes, the com-
bination of two fixed formers, the curvatures
of which correspond, respectively, to the cury-
ature a finished tube is to have at those parts
of it situated at each side of an intermediate
curved portion, an intermediate former ar-
ranged to work between said fixed formers,
means foroperating said intermediate former,

a block adapted to hold a tube against one.

end of one of said fixed formers and leave

one end of the tube unsupported, an addi-
tional former arranged to act against said un-
supported end of the tube, and means for op-
erating said additional former, substantially
as herein described, for the purposes specified.

7. In a machine for bending tubes, the com-

bination of two fixed formers, an intermedi-
ate former arranged to work between said
fixed formers, a slide whereon said intermedi-
ate former is mounted, and a clamping device,
substantially as hereinbefore deseribed, car-
ried by said tube and capable of holding a
tube to said intermediate former.

8. In a machine for bending tubes, the com-
bination of two fixed formers, an intermedi-
ate former arranged to work between them
and carried by a slide, mechanism for recip-
rocating said slide, and a stopping device for
putting said mechanism out of action, said
stopping device being arranged to be oper-
ated by said slide, substantially as herein de-
scribed, for the purpose specified.

9. In a machinefor bending tubes, the com-
bination of two fixed formers, an intermedi-
ate former arranged to work between said
fixed formers and carried by a slide, mechan-
ism adapted to reciprocate said slide and com-
prising fast and loose pulleys with open and
crossed belts controlled by belt-shifters, and
lever mechanism arranged to be operated by
said slide when near the ends of its stroke in
each direction and to actuate said belt-shift-
ers, substantially as herein described, for the
purposes specified.

10. In amachine for bending tubes, the com-
bination of two fixed formers, one of which
has a part bent to the shape of an are of a
circle, an intermediate former arranged to
work between said fixed formers in a direc-
tion at right angles to the tube to be bent,
means for operating said intermediate former,
a roller carried by a rotary arm and adapted
to bend a portion of atube around the circu-
lar portion of said former, driving mechanism
for rotating said rotary arm, lever mechanism
capable when actuated of throwingsaid driv-
ing mechanism out of action, and a tappet
operated by said driving mechanism and ar-
ranged to automatically actnate said lever
mechanism when said tube has been suffi-
ciently bent by said roller, substantially as
herein described. :

In testimony whereof I have signed my
nameé to this specification in the presence of
two subseribing witnesses.

JOHN DONALDSON.

Witnesses:
PErcY E. MATTOCKS,
WM. THOS. MARSHALL,
Both of 2 Pope’s Head Alley, Cornhill, Lon-
don, Genin. ‘
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