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METHOD AND APPARATUS FOR FORMING ARCH TUBE's 
Application filed April 29, 

Our invention relates, in general, to an 
improved method of, and means for, bending 
pipes to predetermined shapes. It relates 
imore in particular to a method of, and means 
for, producing arch tubes for locomotive fire 
boxes. - 

The so-called fire arch of present day loco 
motives is formed of fire bricks supported on 
tubes disposed longitudinally of the fire box, 
the tubes being in the nature of flues, since 
they are filled with water and take up an ap 
preciable amount of heat from the burning 
fuel. These arches are of various shapes, 
depending upon the design of the locomo 
tive, and, of course, a different style of arch 
tube must be employed in each case where the 
fire arch is modified. Since the tubes are in 
the nature of flues, they must be bent very 
accurately to avoid the formation of flat 
spots or the like, which would prevent the 
passage of a flue-cleaning machine, and the 
dimensions and radii of the various bends 
are very important, since they control the 
curvature of the arch, which curvature is 
also of extreme importance in properly coin 
trolling the burning fuel gases. Heretofore, 
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arch tubes of the character described, have 
always been bent by hand methods to corre 
spond to a previously produced template, 
with the result that the production of such 
tubes has been unsatisfactory, expensive and 
slow. 

tubes of the character set forth. Another ob 
ject is the production of improved and more 
uniformly accurate arch tubes. Another ob 
ject is to produce arch tubes more quickly and 
more economically. Another object is the 
production of mechanism which may be op 
erated with previously produced plans, 
whereby perfect arch tubes may be produced 
without the use of any kind of a template. 
Other objects and features of the invention 

will be apparent from a consideration of the 
detailed description, takenin connection with 
the accompanying drawings, wherein 

Fig. 1 is a front elevational view, showing 

Accordingly, the principal object of our 
present invention is the production of an im 
proved method of, and means for, producing 

1929. Serial No. 359,143. 
one embodiment of the tube-forming mecha 
nism in elevation; w Fig. 2 is a plan view of the mechanism 
shown in Fig. 1: 

Fig. 3 is a longitudinal irregular section 55 
taken along the line 3-3 of Fig. 2; 

Fig. 4 is an end view; . . . . 
Fig. 5 is a vertical transverse section taken 

on the line 5-5 of Fig. 3; 
Fig. 6 is an enlarged elevational view, as 60 

seen from the line 6-6 of Fig. 2, looking in 
the direction of the arrows; : 

Fig. 7 is a view looking at the end of 
Fig. 6; . . 

Fig. 8 is a fragmentary somewhat schemat- 65 
ic view showing the Way the mechanism is 
Operated, and illustrating one of the steps of 
the method; Fig. 9 is a view similar to Fig. 8, but show. 
ing the use of auxiliary equipment and illus- 70 
tirating one of the final steps of the method; 

Fig. 10 shows an arch tube, which is fairly 
representative of the type of bend employed; 

Fig. 11 shows the manner in which the 
pipe or tube is marked in accordance with 75 
the preliminary steps of the method; and 

Fig. 12 shows, a portion of a chart which 
is employed as a guide in carrying out the 
inethod, and in the use of the machine. 

It is believed that the details of the method 80 
will be understood from a consideration of 
the mechanism with which is is practiced, 
but we shall first set forth the general fea 
tures of the method, so that a better under 
stag of the purpose of the machine may. 85 
be had. 
An arch tube 21, as shown in Fig. 10, is pro 

vided with a compound curvature, but the 
general nature of all arch tubes is somewhat 
the same. The ends, as indicated at C and 90 
D, are generally turned at a somewhat sharp. 
angle, although this is by no means universal. 
Near One end, there is generally a straight 
Section up to the point indicated by the char 
acter E, and for purposes of carrying out the 95 
method, the distance from the end of the tube 
to the point E is referred to on the chart 22 
(Fig. 12) by the character A. The bent por 
tion. B of the tube begins at this point E, 
and from the point E to the other end of the 100 



) 

2) 

30 

40 

50 

60 

(55 

2 

tube, this entire distance is referred to on the 
chart by the character B. 
Each different tube we designate by a cel 

tain class, but each type of tube is analyzed 
to locate the various bends and is marked off 
by the spaces indicated by the character's 
A, B, C and D. We first form the portion 
B in a series of successive bends, by feeding 
the tube forward the same distance at each 
stroke of the bending tool, but so control 
the extent of movement of the bending tool 
as to produce the type of bend required in 
each case. As a preliminary step, We employ 
a marking device 23 which has a series of 
transverse silots 24, through which suitable 
marks may be made on the tube. We take 
the tube, measure the distance A tihereon, 
which is shown by the chart for the type of 
tube to be made, set the end of the marking 
device 23 adjacent the mark E, which is the 
end of the space A, and then mark of on the 
tube the number of strokes which will be ein 
ployed to produce the requisite bend for the 
portion B, this also being determined by the 
chart. 

Since with the mechanism we employ, the 
bending stroke results from the actuation of 
an air piston, we regulate the length of stroke 
by inserting a suitable stop or block in the 
path of the piston rod or cross-arm secured 
thereto, and so the length of the stroke is 
regulated automatically. If we were per 
forming the method strictly by hand, the 
length of stroke would be given on the chart, 
but, in place thereof, we provide blocks of 
various widths, and the proper width block is 
shown in the chart, and is selected for use on 
the machine. In the actual carrying out of 
the method, we employ the machine by 
means of which the tube is fed forward the 
proper distance by a single automatic opera 
tion, and since the stroke of the piston is con 
trolled, all that is necessary to produce the 
proper bend is to repeat the operation the 
proper number of times, as the chart sets 
forth. The final step in the actual produc 
tion of the tube is forming the bends C and D, 
and this we do quite quickly and readily On 
the machine, as will be set forth. 

Referring now to the drawings in which 
the details of the machine are shown, we en 
ploy a frame consisting of an upper 
table 26 and a lower table 27, Sup 
ported by uprights 28-28, the table 26 
being supported partly by uprights 29 
29 and partly by blocks 31 disposed on 
the table 27. The tube is adapted to be bent, 
around a semi-circular form 32, secured to 
the table by bolts 33-33, in cooperation with 
a sheave-like roller 34, rotatably secured to 
the movable end of a two-part arm 36, which 
two-part arm is disposed at top and bottom 
of the semi-circular member 32 and is pivoted 
at 37. The tube is supported between the 
member 32 and a co-acting support 38, which 
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has its end face 38 shaped to correspond to 
the otter circular shape of the tube, and since 
the member 32 also has this same shape, the 
two members together form a complete circle 
for the support of the tube as it is bent. in 
order to maintain the tube in proper position, 
so that the bend will be made in the same 
plane throughout, we ean.jploy a special shape 
of end-supporting table 39 (Fig. 2), so that, 
no matter how great a bend the tube takes, it 
will always engage a portion of this Small 
table. 
As to the actuating means, we support, a 

cylinder 41 on the lower table 27, in which 
a pistot 42 is reciprocable and is provided 
with a piston rod 43 with a cross-head 44 
secured to its outer end, the cross-head be 
ing slidable on the table 26. An extension 
'od 46 is pivotaliy Secuied to the cross-head 
by a pin 47, and this extension rod is pro 
vided with bifurcations 48 engaging around 
the pivoted arm 36 and provided with a pin 
49, which for has a pivot, for the bifurcated 
end of the 'od extension, and a bearing for 
the sleave-like roller 34. The lower suit face 
of the cross-head provided with an 
opening 51, in which a block 52 is adapted 
to be placed for regulating the stroke of the 
pision. The cylinder 4i is secured to the 
lower table 27 by bolis 53, and is braced with 
respect to the upper table 26 by bi'acing 
2nleinbei's 54, one end of which is secured to 
the table by bolts 56, and the other end se 
cured to a cross-piece 57. 
We preferably operate the piston 42 by 

means of compressed air, and, in order to 
admit, air to either side of the piston, we 
provide pipe connections 58 and 59, each 
connected with a suitable control valve 61 
operated by a lever 62. This lever is con 
nected through suitable mechanism to be 
operated by foot-pedals 63 and 64, the pedal 
63 being disposed at the end and one side of 
the table, while the pedal 64 is at the oppo 
site end and opposite side. Accordingly, in 
dependent of which end of the tube the oper 
ator is grasping, he can control the move 
ment of the piston. Any suitable system of 
rods and level's may be employed, connected 
with the foot-pedals 63 and 64, a conven 

AA 

tional arrangement being shown, by means 
of which very satisfactory results have been 
obtained. 
We have previously described how the tube 

is fed forward a predetermined distance 
after each stroke of the piston. Figs. 6 and 
7 show in detail the manner in which this 
feeding movement is accomplished. An ex 
tension plate 66 is secured to the side of the 
table and has fastened to a depending por 
tion 66 thereof, the lower end of a lever 67 
pivoted on a bolt 68 and having secured at 
an intermediate point a cross-piece 69, to 
which a horseshoe-shaped gripping member 
1 is pivoted. A spring 72, secured to the 
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gripping member and having its opposite 
end secured to an extension 73, holds the 
gripping member in a position to engage the 
tube as it is driven forward. A stop for the 
lever 67 is provided by a bolt 74, secured in 
a projection 76, the stop being SO arranged 
that the proper length of stroke automati 
cally takes place. To prevent the lever 67 
being moved too far in the opposite direc 
tion, a fixed stop 77 is provided. By regi 
lating the position of the boit 74, and then 
moving the lever 67 the full distance between 
the two stops, the pipe is automatically fed 
the proper distance each time. 

For producing the small bends at the ends 
of the tube, a separate attachment, shown in 
Fig. 9, is employed. This is in the shape of 
a rod 78 having a horn 79 at one end thereof, 
and having the opposite end in the shape of 
a narrower shank 81, threaded to receive a 
nut 82, and having an unthreaded portion 
which is disposed in the end of an arm 83 
and secured by a bolt 84, threaded into a 
second arm 86. The two arms 83 and 86 are 
extensions of a supporting member 87, which 
is pivoted at 88 and is adapted to extend up 
wardly out of the way (Fig. 2) when the 
member 78 is not in use. For determining 
the position of the bend resulting from the 
use of the horn 79, a bushing 89 is used, this 
bushing being of any suitable length, and 
being itself adapted to be positioned by turn 
ing the nut 82. The member 38 is provided 
with marked graduations, as shown in Fig. 
2, so that, to determine the location of the 
short bend, with the horn 79 in place and 
the tube extending over it, the end of the 
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tube is brought to the proper mark; Oi' 
rather, the proper location is first deter 
mined by positioning the bushing 89 in the 
same way, and then all that is necessary is 
to insert the tube 21 and actuate the piston 
to make the bend. 
The shaping of the tubes, while performed 

on the machine, is determined from plans i.eviously engineered, and preferably by 
performing the various steps in the produc 
tion of the tubes in a proper sequence. As 
shown in the chart in Fig. 12, which is, of 
course, simply illustrative, as the chart is 
nuch more complete, taking into consider 
aiion all types of tubes employed on various 
engines on a single railroad, the railroad in 
which this particular chart was worked out 
being the Burlington. . . . - 
Assuming that tubes are to be made for a 

Class F-1 engine numbered 540, the chart dis 
closes that this takes a Type Number 3 of 
arch tube. On a separate blue print, we show 
the various types of tubes marked out as 
shown in Fig. 10. Assume that the tube 
shown is a Type 3 tube. The first step in the 
production of the tube is the selection of 
proper tube stock of sufficient length. Meas 
uring from one end the distance A, up to the 

3. 

mark E, as set out, this distance being shown, 
by consulting the chart, to be sixty-nine 
inches. The marking member 23 is then laid 
over the tube with one end located at the 
point E, and the other end extending toward 
the D end of the tube. Again consulting the 
chart, it is found that five strokes are neces 
sary to produce the proper bend, and accord 
ingly five marks are placed on the tube 
through the slots 24, successive and adjacent 
slots being used, starting from the left. In 
actual practice, we locate these siots three 
inches apart, but another distance could be 
selected and the method worked out on this 
basis. . 

With the tube marked in this way, it is in 
serted into the machine from the left of Fig. 
2, the piston being in inactuated position and 
the sheave-like roller 34 being in the position 
shown in dotted lines in this figure. The 
feeding mechanism, including the lever 67, is 
mounted in place at this time, and when the 
first mark on the tube is brought to suitable 
position along the scale at 38, the gripper 71 
is placed around the tube and it is ready to 
be fed forward. Before actual operation of 
the machine, however, the chart is again con 
Sulted, to determine the stroke of the forming 
piston. 
found that a block is employed to obtain a 
36' radius, and a block so marked is selected 
and this is inserted beneath the cross-head to 
limit the stroke of the piston. The piston and 
feeding mechanism are then alternately ac 
tuated for the proper number of strokes, and 
the proper curvature and length of curvature 
in the portion B is then obtained. 
When the curvature of the portion B 

of the tube is completed by forming the bends 
C and D. The tube is withdrawn from the 
machine, and the feeding mechanism removed 
from the extension 66. The member 87 is 
then brought down into position, and the 
member 78 is secured in the arms 83 and 86. 
The chart is consulted to determine the length 
of the bend C, and the regulating devices are 
so controlled that, the left-hand end of the 
bushing 89 (Fig. 9) is at a point on the scale 
38 corresponding to the length of the por 
tion C. The tube is then inserted over the 
horn so that its end abuts the end of the bush 
ing in the manner shown, and by selecting the 
proper block to limit the stroke, this also be 
ing shown in the chart, and placing it in po 
sition, the actuation of the piston then auto 
matically produces the proper bend. The 
same routine is carried out in connection with 
the production of the bend D. 
When operating the machine and carrying 

out the method, there are generally sufficient 
tubes in process of making, so that a single 
step in the process may be carried on on a 
number of tubes at one time, and so, more 
efficient operation obtained. The tubes are 

Consulting the chart again, it is se s 
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set out according to type and the distance A 
measured, and the requisite number of marks 
made on the tubes. They are then inserted in 
the machine Seriatim and the bend B pro 
duced for all the tubes. The feeding device 
is then removed from the machine, and the 
horn-bearing member 7S secured in position, 
after which all of the tubes are given the end 
bend, this also being carried on in such a way 
as to simplify the method. 
While the tubes are not bent in a definite 

and well defined curve along the radius set 
out, they are given a succession of slight 
bends three inches apart, and the over all 
effect is the same as if a true and continuous 
curvature were produced. The blocks em 
pioyed in producing the bend B are marked 
according to the radius on which the bend is 
made, being marked for example 36 inches, 
96 inches, 120 inches or the like. The blocks 
employed for making the bends C and D are 
simply marked according to the width of the 
block, and this may be from a fraction of an 
inch up so that the length of stroke can be 
controlled in any way. Sometimes the bend 
is made without any block at all, sometimes 
with a large block in which a slight bend 
is produced, and sometimes no bend at all is 
employed on the end. For example type 3 
tube employs no C bend but the D bend is 
64, inches from the end of the tube and a 6/. 
inch block is employed so that a bend is pro 
duced which is neither very acute nor very 
slight, but midway between the extremes. 
The horn around which the shot bends are 
made is so shaped that no matter how sharp 
the bend, a perfectly circular cross section 
is obtained throughout. 
We have described all of the details and 

features of our improved method and necha 
nism to enable those skilled in the art to 
practice the same, but it is obvious that we do 
not restrict ourselves necessarily to the de 
tails set out, the invention being limited only 
by the scope of the appended claims. 
What we claim as new and desire to pro 

tect by Letters Patent of the United States is: 
1. The method of forming arch tubes hav 

ing short end bends and relatively long inter 
mediate bends which comprises marking off 
the beginning of the long bend and forming 
a series of successive marks along the region 
of the bend definite equal distances apart, 
bending the tube a number of times equal to 
the number of marks by placing the mark at 
a predetermined definite position on a form 
ing die, the radius of the bend being con 
trolled by limiting the movement in the 
forming stroke, and finally making the end 
bends and controlling the angularity thereof 
by limiting the movement during the form 
ing stroke. 

2. A forming machine for producing long 
intermediate bends and short end bends for 
locomotive arch tubes, said machine includ 
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ing a table, a semicircular forming die on the 
table having its edge concaved to correspond 
with the shape of the curvature of the tube, 
a holding member having its end surface also 
curved to grip the tube and disposed at an 
angle. So as to grip the tube between said die 
and holding member, an aria pivoted at the 
centel' of curvature of said forming die, a 
sheave-like Folier secured on the free end of 
the arm, an actuating piston and piston Fod, 
a cross head on the end of the rod, and a con 
nection between the cross head and sheave 
like roller whereby said sheave-like roller 
inity be advanced to bend the tube around said 
forming die. 

3. A forming machine for producing long 
intermediate bends and short end bends for 
locomotive arch tubes, said inachine includ 
ing a table, a semicircular forming die on the 
table having its edge concaved to correspond 
with the shape of the curvature of the tube, a 
holding meinbei' having its end surface also 
ct 1'ved to grip the tube and disposed at an 
allgies as to grip the tube between said die 
and holding linenber, an arm pivoted at the 
center of curvature of said forming die, a 
sheave-like 'oller Secured on the free end of 
the arm, an actuating piston and a piston 
'od, a cross head on the end of the rod, a coin 
nection between the cross head and sheave 
like roller whereby said sheave-like roller 
may be advanced to bend the tube around 
said forming die, and means for limiting the 
loyclinent of the piston in accordance with 
the radius of curvature required in the tube. 

4. A forming machine for producing long 
intermediate bends and short, end bends for 
locomotive arch tubes, said machine includ 
ing a table, a semicircular forming die on the 
table having its edge concaved to correspond 
with the shape of the curvature of the tube, a 
holding member having its end surface also 
curved to gi’ip the tube and disposed at an 
angle so as to grip the tube between said die 
and hoiding member, an arm pivoted at the 
center of curvature of said forming die, a 
sheave-like roller secured on the free end of 
the arm, an actuating piston and a piston rod, 
a cross head on the end of the rod, a connec 
tion between the cross head and sheave-like 
roller whereby said sheave-iike roller may be 
advanced to bend the tube around said form 
ing die, and means for advancing the tube 
a predetermined distance after each stroke. 

5. A forming machine for producing long 
interinediate bends and short end bends for 
locomotive arch tubes, said machine including 
a table, a semicircuiar forming die on the 
table having its edge concaved to correspond 
with the shape of the curvature of the tube, a 
holding member having its end surface also 
curved to grip the tube and disposed at an 
angle so as to grip the tube between said die 
and holding member, an arm pivoted at the 
center of curvature of said forming die, a 
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sheave-like roller secured on the free end of 
the arm, an actuating piston and a piston rod, 
a cross head on the end of the rod, a connec 
tion between the cross head and sheave-like 
roller whereby said sheave-like roller may be 
advanced to bend the tube around said form 
ing die, means for limiting the movement of 
the piston in accordance with the radius of 
curvature required in the tube and means for 
advancing the tube a predetermined distance 
after each stroke. 

6. A forming machine for producing long 
intermediate bends and short end bends for 
locomotive arch tubes, said machine including 
a table, a semicircular forming die on the 
table having its edge concaved to correspond 
with the shape of the curvature of the tube, 
a holding member having its end Surface also 
curved to grip the tube and disposed at an 
angle so as to grip the tube between said die 
and holding member, an arm pivoted at the 
center of curvature of said forming die, a 
sheave-like roller secured on the free end of 
the arm, an actuating piston and a piston rod, 
a cross head on the end of the rod, a connec 
tion between the cross head and sheave-like 
roller whereby said sheave-like roller may be 
advanced to bend the tube around said form 
ing die and an end supporting table disposed 
to support the bent end of the tube so that 
successive bends thereto will be in strictly the 
Same plane. - - 

7. A forming machine for producing long 
intermediate bends and short end bends for 
locomotive arch tubes, said machine includ 
ing a table, a semicircular forming die on the 
table having its edge concaved to correspond 
with the shape of the curvature of the tube, a 
holding member having its end surface also 
curved to grip the tube and disposed at an 
angle so as to grip the tube between said die 
and holding member, an arm pivoted at the 
center of curvature of said forming die, a 
sheave-like roller secured on the free end of 
the arm, an actuating piston and a piston rod, 
a cross head on the end of the rod, a connec 
tion between the cross head and the end of 
the rod, a connection between the cross head 
and sheave-like roller whereby said sheave 
like roller may be advanced to bend the tube. 
around said forming die, means for limit 
ing the movement of the piston in ac 
cordance with the radius of curvature re 
quired in the tube, means for advanc 
ing the tube a predetermined distance after 
each stroke and an end supporting table 
disposed to support the bent end of the tube 
so that successive bends thereto will be in 
strictly the same plane. 

8. A forming machine for producing long 
intermediate bends and short end bends for 
locomotive arch tubes, said machine including 
a table, a semicircular forming die on the 
table having its edge concaved to correspond 
with the shape of the curvature of the tube, 

a holding member having its end surface also 
curved to grip the tube and disposed at an 

5. 

angle So as to grip the tube between said die. 
and holding member, an arm pivoted at the 
center of curvature of said forming, die, a 
sheave-like roller secured on the free end of 
the arm, an actuating piston and a piston rod, 
across head on the end of the rod, a connec 
tion between the cross head and sheave-like 
roller whereby said sheave-like roller may be 
advanced to bend the tube around said form ing die and a separate forming member for 
producing sharp bends at the ends of the 
tube, said forming member disposed along 
the axis of the tube, and having a horn at the 
end thereof shaped to cooperate with the 

the location of the bend. 9. A forming machine for producing long 
intermediate bends and short end bends for 
locomotive arch tubes, said machine includ 
ing a table, a semicircular forming die on 
the table having its edge concaved to corre 
Spond with the shape of the curvature of the 
tube, a holding member having its end sur 
face. also curved to grip the tube and dis 
posed at an angle. So...as to grip the tube be 
tween said die and holding memebr, an arm 
pivoted at the center of curvature of said, 

7. 

78. 

forming die and sheave-like bending roller to. 
preserve the circular character of the tube at 

8) 

forming die, a sheave-like roller secured on 
the free end of the arm, an actuating piston 
and a piston rod, a cross head on the end 
of the rod, a connection between the cross 
head and sheave-like roller whereby said 100 
sheave-like roller may be advanced to bend 
the tube around said forming die, and a sep 
arate forming member for producing sharp 
bends at the ends of the tube, said forming 
member disposed along the axis of the tube, 
and having a horn at the end thereof shaped 
to cooperate with the forming die and sheave 
like bending roller to preserve the circular 
character of the tube at the location of the bend, means being provided for supporting 
the special bending tool, and said tool having 
a threaded shank provided with a nut by 
means of which the location of the end bend. 
is controlled. . . . - - - 10. A forming machine for producing long. 
intermediate bends and short end bends for 
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locomotive arch tubes, said machine includ 
ing a table, a semicircular forming die on the 
table having its edge concaved to correspond 
with the shape of the curvature of the tube, 
a holding member having its end surface 
also curved to grip the tube and disposed at 
an angle so as to grip the tube between said 
die and holding member, an arm pivoted at 
the center of curvature of said forming die, 
a sheave-like roller secured on the free end 
of the arm, an actuating piston and a piston 
rod, a cross head on the end of the rod, a 
connection between the cross head and 
sheave-like roller whereby said sheave-like 
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roller may be advanced to bend the tube 
around said forming die, means being pro 
vided for supporting a special bending tool, 
and said tool having a threaded shank pro 
vided with a nut by means of which the 
location of the end bend is controlled, the 
special forming tool being adapted to re 
ceive a bushing for limiting the extent to 
which the tube can be extended over said 
forming tool, and the holding member being 
graduated to indicate the location of the 
bend in the tube from the end thereof. 

11. A forming machine for producing long 
intermediate bends and short end bends for 
locomotive arch tubes, said machine includ 
ing a table, a semicircular forming. die on 
the table having its edge concaved to cor 
respond with the shape of the curvature of 
the tube, a holding member having its end 
surface also curved to grip the tube and dis 
posed at an angle so as to grip the tube 
between said die and holding member, an 
arm pivoted at the center of curvature of 
said forming die, a sheave-like roller secured 
on the free end of the arm, an actuating pis 
ton and a piston rod, a cross head on the 
end of the rod, a connection between the cross 
head and sheave-like roller whereby said 
sheave-like roller may be advanced to bend 
the tube around said forming die, a separate 
forming member for producing sharp bends 
at the ends of the tube, said forming member 
disposed along the axis of the tube, and hav 
ing a horn at the end thereof shaped to co 
operate with the forming die and sheave 
like bending roller to preserve the circular 
character of the tube at the location of the 
bend, the means being provided for support 
inor said special forming tool and said sup 
porting means removable to allow room for 
the tube during the formation of the rela 
tively long intermediate bend. 

12. A forming machine for locomotive 
arch tubes comprising a die of definite curv 
ature, a roller cooperating with said die to 
form a bend in said tube, means for moving 
said roller a predetermined distance to form 
a bend of predetermined length, and means 
for advancing the tube a predetermined dis 
tance to definitely space a series of such 
bends, whereby the total curvature of the 
tube is determined. 

In witness whereof, we hereunto subscribe 
our names this 9th day of April, 1929. 

CHARLES A HENRY. 
CARL A. OPPEELT. 


