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This inveration relates to tube-bending : na 
chines, and is particularly concerned with Such 
improvements as will permit of the bending of 
large diameter thin-walled tubes without buck 
1ing of the tube material. . ~ 

In the aircraft; art, particularly, considerable 
use , is made of relatively large diameter thin= 
walled tubing of stainless ̀ steel, ... aluminum, or 
other netals, in connection with exhaust systems, 
oil lines, anad other partS of the power plant, and 
it is frequently necessary to provide tubes which 
are bent on a relatiWely sharp curWe. Little difi-- 
culty is experieraced When tubes are to be bent. On 
a large radius, but When sharp bends are at 
tempted with conWerational equipment, the tensile 
straita on the outer Side of the tube, and the 
corn.pressiWe strain on the inner side of the tub 
ing, tends to deform the material in such a way 
as to make the bend unsatisfactory. Particu 
larly, the material at the inside of the bend tends 
to buickle into WaWes or ripples, resulting in an 
unSightly article and one which offers greater re 
sistance to fiuid flow therethrough than is de 
Sirable. 
An object of the present invention is to prowide 

means by which sharp bends may be made in 
tubes to the elimination of corrugations in the re 
Sultant berati tube. A further object of the in 
Wention is to proWide means Which may be in 
stalled on existing types of tube bending machines 
to adapt them for short radius bends on thin 
Walled tubing. 

Ifurther objects Will become apparent from a 
reading of the Sub-joined specification and ? 
claims, together with an examination of the ac 
companying drawingS, in which similar numbers 
indicate similar partS, and in which: 

Fig. 1 is a perspectiWe Wiew of the table of a tube 
bending rnachine incorporating the invention; 

Rig. 2 is a plan of the Work Station of a tube 
bending machine, partly in Section, to show the 
details of the inWention; 

Fig.8 is a, side eleWation of the Work table of the 
machine; and 

Fig., 4 is a, Section ora the line é-é of Rig. 2. 
'The general elements of the machine pictured 

are conventional, and include a poWer rotated 
work table 10, upon which is mounted a claimp 
assembly lf, within which one end {2 of a tube 
[13 is tightly held. A ceratral bending arbor, 
designated in its entirety as fé, is mounted upon 
the table 0 and the clamping aSSembly I holds 
the tube tanagent to the arbor fé. A base 45 of 
the machine carries a, reciprocable Slide ió, moW 
able toward and away from the arbor té by a 
hydraultic cylinder assembly fi, the slide" 6 carry 
ing a, Support; i8 provided with rollers {9 Ower' 
which a guide 2t is translatable, Sadd guide hav 
ing a, forming die 2 attached thereto for nowe 
ment with the tube 3 as Sarne is draWia around 

the arbor lé. As shown in Fig. 2, a mandrel 22, 
proWided with an end concentric .. with the arbor 
l4, is inserted within the tube to prevent; the col 
lapse thereof. . The , die 24 is formed to embrace 
Substantially half of the circumference of the 
tube · l2, as shown in Rig. 4, and the arbor . [4] is 
likewise formed to embrace substantially half of 
the tube. Accordingly, when the straight; tube is 
aSSembled in the nachine, and when the table 
[10 is rotated, the champ ! I draws the tube around 
the arbor_l4, bending Same to the desired extent. 
When the arbor is of Small diameter, and when 

it is of Solid construction according to conven 
tional practice, corrugationas appear in the fin 
ished berati tube 'Which are most objectionable, 
'To owercome this, I provide an arbor 4 such as " 
that shown in the illustrations, which comprises 
a plurality of partS, including side plates 23 and 
24 bolted to and mowable with the table 10, the 
Side plates embracing a shea.wev 25 mounted for 
rotation. With respect to the plates 23 .. and 26. 
Said Sheave, around its periphery, may be formed 
with herringbone serrations 26, and the inside of 
the Sheave is formed as an internal gear 2.. 
A plurality of planet pinions 28 are journaled in 
the Side 'plates 23 and 24, and engage the gear 
2il, a, Sun gear being mounted concentric with the 
arbor' lé, the Sun gear being keyed to the shaft; 
of an electric motor or other Suitable power 
Source 29, carried by the plate 23. By the planet 
gear System indicated, the shea.we 25 is rotated 
relatiWe to the Side plates 23 and 24, when the 
motor 29 is energized. 

IDuring the tube bending operation, the side 
` plates 23 and 24 rotate .. with the table 0, but 
the Sheave 25 rotates at a greater rate of Speed 
So that, during the bending operation, the sheave 
25 irons out any incipient corrugations which are 
likely to form, the action thus obtained being 
Somewhat similar to a spinning operation where 
the exceSS metal accumulating on the' inner wail 
of the bend is distributed outwardly around the 
tube periphery by Wirtue of the ironing action. 
tra use, the Shea.We '2 and the tube will be well 
lubricated So that the ironing operation above 
indicated Will aWoid tearing the surface of the 
tjube à?. 

It has been found that the corrugations fiowing 
fron the ordinary type of bending machine are 
of more or less herringbone form, that portion 
of the corrugation which is in the plane of syn 
metry of the tube lagging · behind the lateral 
portions of the corrugation. Accordingly, then, 
the herringbone elements 26 of the sheave 25 
may be formed in opposite sense to have a greater 
ironing effect upora the incipient corrugations. 
Or, alternately, the corrugations of the shea.we 25 
may be formed straight across the face of the 
She8We. 

It has been found that the corrugations in 
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2 
the tube are cumulative, being practically negligd 
ble at the first part of the bend and growing in 
Size, as the metal is crowded rearwardly along 
the tube as the bend progreSSeS. By the corru 
gated sheave 25, the material of the tube is 
croWded conStantly toWard that end of the tube 
Which is held in the clamp fl, so that the accu 
mulative growth of the corrugations is substan 
tially eliminated. The mandrel 22 acts as an 
abutment against Which the SheaWe operates, and 
during the bending operation, Substantial pres 
Sure is maintained upon the guide 2, which 
moWeS With the tube, by the hydraulic mechanism 
17 
While I have described my invention in de 

tail in its present preferred embodiment, it will' 
be obvious to those skilled in the art, after under 
Standing my invention, that various changes and 
modifications may be made therein without de 
parting from the Spirit; or Scope thereof. I aim 
in the appended claims to cower all such modifica 
tionS and changes. ~ ? 

I claim as my inWention: * 
1. In a tube-bending machine comprising a 

rotatable Work table; a clamp thereon, for en 
gagement. With a tube to be bent; a stationary 
guiding die for the tube; an arbor for forming a, 
bend in the tube comprising side plates rotatable 
With the table and a sheave embraced by .. said 
plates and engageable with a portion of the tube 
to be bent; and means for rotating said sheave 
relatiWe to Said plates and table. 

2. In a tube-bending machine, an arbor com 
prising a plurality of relatively rotatable elements 
engageable With a tube to be bent, and means for 
rotating said elements with respect to each other. 

3. In a bending machine, a Work table, maeans 
tO Clanp WOrk to be bent to the table, a bending 
arbor engageable With the Work, means to rotate ' 
Said arbor relative to the table, a bending arn. 
holding the Work in engagement. With the arbor, 
and means to rotate Sadd arm and table relative 
to each other at a speed different from the ro-- 
tational Speed of the arbor relative to thae table. 

4. In a bending machine, a clamping member 
for Work to be bent, an arbor, means for relatively 
rotating said arbor and clamping member, a bend 
ing arm engaging the work to be bent and adapted 
to bend the Work about the arbor, and means for 
relatively rotating the bending arm and claimp 
ing member about the arbor center but at a speed 
different from that of the arbor relative to the 
clamping member. 

5. In a bending machine comprising a clamp 
and reaction member relatively rotatable about 
a center, means to effect Said rotation, an arbor' 
on said center around Which work held by said 
clamp and bearing on said reaction member is 
adapted to be bent, and power means for rotat 
ing said arbOr at a speed greater than that of 
said clamp relative to said reaction member. '' 

6. In a bending machine, a work table, means 
to clamp work to be bent to the table, a bending 
arbor engageable with the work, means to rotate 
said arbor relative to the table, a bending arm 
holding the work in engagemerat, with the arbor, 
and means to rotate said arm and table relative to 
each other at a speed different from • the rota 
tional speed of the arbor relative to the table, Sadd 
means comprising a motor driven epicyclic gear' 
train contained within the arbor for driving said 
arbor relative to the clamp. ~ 

7. In a tube-bending machine, a work table, 

* 2,228,016 
means for rotating the table, a bending arbot 
for forming a tube to be bent, power means for 
rotating said arbor with respect to Sald table 
and tube during table rotation, Sadd arbor haW= 
ing corrugations across the surface thereof for 
engagement, with the tube for ironing inciplent 
corrugations which might tend to form upon 
the tube, and reaction members bearing on the 
tjube on opposite sideS of the arbor, one of 
which members is fixed and the other of which 
is Secured to the table. 
* 8. In a tube-berading nachine, a work table, 
means for rotating the table, a bending arbor' 
for forming a tube to be bent, power means for 
rotating said arbor with respect to Sadd table 
and tube during table rotation, said arbor* haW? 
ing corrugations of herriragbOne form across the 
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Surface thereof for engagement with the.' tube . 
for ironing incipient corrugations", which might 
tend to form upora the tube, and reaction rnem 
bers bearing on the tube on opposite sides of the 
arbor, one of which members is fixed and the 
other of which is Secured to the table. 

9. In a tube-bending machine; abending arbor 
comprising an annular member externally cir 
cumferentially groowed and prowided with gear 
teeth, side plates | carrying said arbor, planet 
pirations |journalled in Said side plates engaging 
said gear teeth, and a sun pinion journalled 
in the plates drivably engaging Sadd planet pin 
ions; a poWer rotated work table · upon which 
the side plates are rigidly mounted, means for 

* - driving said Sun pinion whereby the annular 
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member is forced to rotate with respect to a table, , ' 
and reaction menberS respectively fixed1 and Se 
cured to the table engaging' tube portions on 
opposite sides of the arbor for bending the tube 
around the arb0r. ^ 

10. In a tube-bending machine, a work table 
to a portion of which a tube to be bent is se 
cured, means for rotating the table, a bending 
arbor' bearing on the tube for forming the same, 
power means for rotating said arbor' with respect; 
to Said table and tube at a speed greater than 
that of the table, and a rotationally fixed mem- ? 
ber bearing on the tube on the other side of 
the arbor from ' that · part of the tube secured 
to the table. ? 

11. In a tube-bending machine, a work table 
on Which a tube to be bent is Secured, means 
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for rotating said table, a bending arbor bearing ? 
on the tube for forming same and mounted 
for rotation with respect to said table, said arbor 
hawing corrugations across the Surface thereof 
for engagement with the tube and for ironing 
incipient corrugations which tend to form upon 
the tube, means for rotating said arbor in the 
Same direction as the work table and at a greater 
Speed than the Speed of the .work table, and a, 
substantially fixed reactiona member bearug on 
the tube on the other side thereof from the. 
point of Securement from the tube to the table, 
relative to which Said table and arbor' are rotat 
able. ~ 

12. In a tube-bending machine, a power driven 
rotating, bending arbor around which , tube is 
to be bent, dewices on both Sldes of the arbor 
for bearing upon a tube disposed tangent to 
the arbor, one of said dewices being Swingable 
about the arbor center to bend the tube around 
the arbor, and means to effect Said Swinging at; 
a rotational Speed less than that of the arbor. 
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