
Oct. 28, 1952 H. T. MARCY ETAL 2,615,490 
CONTROL AND INDICATING MEANS 

Filed Oct., 5, 1949 2 SHEETS-SHEET l 
O 

NYAYYYYAYAYYYYAYYYYYYAYAWAYAwYANAAAAYAwww.WAY 

N 
an 

Figl: 

N 
N 

N s 
N 

S. 
ao . NSNRRAAdriNR ra 

  

  

  

    

  

  

  



Oct. 28, 1952 H. T. MARCY ET AL 2,615,490 
CONTROL AND INDICATING MEANS 

Filed Oct. 5, 1949 2 SHEETS-SHEET 2 

arty YYYYYYYY Y as a Ya as a as a as as as SN 

s SN 
v 

T 
S. - wer or mir --- Pro ---- 

iss o wo 
ong N 

- v airs 
l oy ECO y 

E. s T N E. v 
CN EZE 

E ON 
2 E2 

s y 
Om 

is 
s 

His is S. S O 

O "En m SES 

H HII 
-- m m -Il--l Q of S 

- - - - - - wO SAH - - 

SeeU 
- ed Od 

S. N wo will t t wd 
| lists ters s 

: A. 
it Z wo 

!, | Va ES S s J. 
L-2- 

VMA or -rr max was ur-er- or 

w 
N 

A ty 

Dr. s'/' sa-2 a J 
/OAPWEYS 

  



Patented Oct. 28, 1952 2,615,490 

UNITED STATES PATENT OFFICE 
2,615,490 

CONTROL AND INDICATING MEANS 
Henry Tyler Marcy, Staten Island, N. Y., Ernest 
Mayer, Jersey City, N.J., and John F. Reeves, 
Staten Island, N. Y., assignors to The M. W. 
Kellogg Co., Jersey City, N.J., a corporation of 
Delaware 

Application October 5, 1949, Serial No. 119,678 

The present invention relates to control and 
indicating means and specifically pertains to con 
trol and indicating means particularly adapted 
for use with an apparatus for bending thermo 
plastic bodies in predetermined incrementS. 

In application Serial No. 27,978, filed May 19, 
1948, by Frederick A. Fitchmueller, for “Method 
and Apparatus for Bending Pipe,' there, is dis 
closed an apparatus capable of bending pipe in 
predetermined increments to a predetermined 
curvature. The apparatus disclosed in the above 
cited application comprises means for holding 
a length of pipe in a substantially vertical posi 
tion, a stress applying beam member adapted to 
be attached to the upper end of the pipe, means 
for applying a bending force to the stress apply 
ing beam member, and a plurality of burnerS 
adapted to oscillate up and down along the pipe 
to heat predetermined increments of relatively 
narrow circumferential bands thereon to a pre 
determined temperature. When a circumferen 

6 Claims. (CI. 153-32) 
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It is a further object of the present invention 
to provide a control and indicating means suit 

O 

tial band has been heated to a temperature Such 
that the material thereof is capable of substan 
tially uniform plastic flow, bending forces are 
applied thereto by means of the stress applying 
beam member to cause the heated band to be 
bent a predetermined amount. - 

It is desirable to have some means for control 
ling the oscillation of the burners to insure that 
the width of the bands is accurately maintained, 
that they are accurately located along the length 
of pipe, and that the material of said bands is 
heated uniformly throughout their widths. 

It is also desirable that means be provided to 
indicate when the stress applying beam member 
has moved through a distance sufficient to impart 
a desired predetermined bend to the increment 
being shaped. 
Accordingly it is one object of the present in 

vention to provide an apparatus capable of in 
dicating the degree of bend that has been ap 
plied to a section of material being shaped in 
crementally. 

It is another object of the present invention 
to provide a control apparatus for aiding the in 
cremental shaping of thermoplastic bodies by 
regulating the width of band heated and by 
measuring the angle to which each incremental 
band is bent. . . . 

It is still another object of the present inven 
tion to provide a control and indicating means 
suitable for use with an apparatus of the type 
disclosed in application Serial No. 27.978, wherein 
said means regulates the width of increment 
heated and indicates when a predetermined de 
gree of shaping has been applied to Said incre 
ment. . . . 
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able for use with an apparatus of the type dis 
closed in application Serial No. 27,978, wherein 
positioning the burners of said apparatus Sets 
the control and indicating means to indicate 
continuously or selectively the desired angle of 
bend which must be imparted to the new incre 
ment. 
Other objects of the invention will in part be 

obvious and Will in part appear hereinafter. 
The invention accordingly comprises the ap 

paratus poSSessing the construction, combination 
of elements and arrangement of parts which are 
exemplified in the following detailed disclosure, 
and the scope of the application of which will be 
indicated in the claims. 

For a fuller understanding of the nature and 
objects of the invention, reference should be had 
to the following detailed description taken in 
connection with the accompanying drawings, 
Wherein, 

Fig. 1 is a Somewhat diagrammatic elevation 
of an apparatus of the type disclosed in applica 
tion Serial No. 27,978 and showing the control 
and indicating means of the present invention, 
operatively connected thereto; 

Fig. 2 is a similar diagrammatic elevation 
partly in Section taken along the line 2-2 of Fig. 
1 and looking in the direction of the arrows; and 

Fig. 3 is a diagrammatic view of the control 
and indicating means of the present invention. 
When thermoplastic bodies are bent or shaped 

by incremental bending, a plurality of increments 
are each bent or shaped through a predetermined 
angle, and the total bending or shaping of the 
body is the sum of the bending or shaping that 
is applied to, or imposed upon, each of the plu 
rality of increments. When an apparatus of the 
type disclosed in application Serial No. 27,978 is 
employed to incrementally bend or shape a ther 
moplastic body, the stress applying beam member 
will have a predetermined slope prior to shaping 
or bending each increment, and will have a dif 
ferent slope or angle when the increment has 
been bent or shaped as desired. It is, therefore, 
possible to control the bending or shaping of a 
thermoplastic body in an aparatus of this type 
by comparing its slope with the slope it must 
assume when the particular increment being op 
erated upon has been bent the desired amount. 
The indicating and control means of the pres 

ent invention is capable of comparing the slope 
of the stress applying beam with the predeter 
mined slope that it must assume when the incre 
ment is bent as desired and indicating when said 
predetermined slope has been attained. The in 
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dicating and control means is also capable of 
automatically resetting itself, when the bending 
or shaping appalatus is reset to bend or Shape 
subsequent increments, to indicate the slope that 
the stress applying beam must aSSuine to COr 
rectly shape the new increment. The indicating 
and control means of the present invention is 
also capable of controlling the movement of the 
means employed to heat each incremental band 
to insure that each band is heated uniformly 
throughout its width and to also insure that each 
increment is the desired predetermined width. 

Fig. 1 is a diagrammatic elevational view of an 
apparatus for incrementally bending thermo 
plastic bodies. The bending apparatus disclosed 
in Fig. 1 is generally similar to the apparatus dis 
closed in the above mentioned application Serial 
No. 27, 978, and comprises a base member f0 and 
a stress applying beam 2 adapted to engage and 
be fastened respectively to the opposite ends of a 
thermoplastic body 4 that is to be bent or shaped. 
Means are provided, such as hydraulic cylinder 6, 
for applying a bending force to stress applying 
beam 2 which in turn applies a bending force to 
thermoplastic body 4. A plurality of high ten 
perature burners 8 (only one being shown for 
purposes of clarity) are adjustably carried by 
frame member 23 for movement longitudinally 
along thermoplastic body f4. Burners 8 and 
frame 20 are noved up and down along thermo 
plastic body i 4 by means of screw threaded rods 
22 which are rotated by means of a reversible 
motor 24 acting through a reduction gear 26 and 
sprocket chains 28. 

Burners 8 can be raised or lowered along ther 
moplastic body 4 by controlling the direction of 
rotation of motor 24. When the apparatus is in 
operation, burners 8 are oscillated up and down 
along thermoplastic body 4 a distance equal to 
the width of the increment or unit band that is 
being bent, to insure said increment or unit band 
being heated evenly throughout its width. Each 
increment or band that is bent or shaped will 
cause stress applying beam 2 to aSSume a differ 
ent slope. If the slope that said stress applying 
beam 2 will assume is known, the radius of curv 
ature that is applied to thermoplastic body 4 can 
be accurately controlled by bending each incre 
ment or band until stress applying beam 2 
assumes the predetermined slope. 
... Fig. 2 is an elevational view partly in Section of 
a slope measuring and indicating means 30 which 
is mounted on stress applying beam 2. Slope 
measuring and indicating means 30 is comprised 
of Shaft, 32 which carries and is rotated by a 
derangeable or balancing means such as pendu 
lum 34. Gear 36 is carried by shaft 32 and is en 
meshed with gear 38 which is connected to the 
rotor of synchro transmitter 40, so that the rota 
tion of shaft 32 causes rotation in Synchro trans 
mitter 40. The ratio of gear 36 to gear 38 is such 
that the rotation of shaft 32 is magnified in the 
order of about 6 to 1 so that a slight rotation of 
shaft 32 produces an appreciable rotation in Syn 
chro transmitter 4 and thus increases the accu 
racy of slope measuring and indicating means 30. 

It will be seen that as stress applying beam 2 
rotates through a predetermined angle of arc as a 
given increment of thermoplastic body. 4 is bent 
or shaped, pendulum 34 will cause rotation in 
synchro transmitter 40, causing transmission of 
a signal that can be calibrated in terms of the 
slope or angle of stress applying beam 2. The 
signal transmitted by Synchro transmitter 40 is 
fed to the stator of control transformer 42 which 
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4 
is located remote from slope measuring and indi 
cating means 30, preferably adjacent the manual 
controls for the bending apparatus. (See Fig. 3.) 

It can be appreciated by those skilled in the art 
that pendulum 34 can be mounted in a gimbal and 
with the same basic instrumentation, the control 
and indicating means can be used for 3-dimen 
sional bends. Moreover, other derangeable or bal 
ancing means such as a gyroscope assembly can 
be substituted for the pendulum to cause rotation 
of shaft 32. 
When synchro transmitter 40 and control trans 

former 42 are in balance, the voltage across the 
rotor of control transformer 42 is Zero; when they 
are not in balance, there is a voltage across the 
rotor of control transformer 42. It will therefore 
be seen that if the rotor of control transformer 42 
is rotated to place control transformer 42 out of 
balance with Synchro transmitter 40, the rotor of 
synchro transmitter 40 can be rotated to bring 
synchro transmitter 40 back in balance with Con 
trol transformer 42. Therefore, if the rotor of 
control transformer 42 is rotated an amount corre 
sponding to the angle that it is necessary for StreSS 
applying beam 2 to pass through, to bend one 
increment a predetermined amount, the incre 
ment of thermoplastic body f4 being shaped has 
been bent the predetermined desired amount 
when Synchrotransmitter 40, is brought back into 
balance with control transformer 42, by the rota 
tion of stress applying beam 2. 
The signal voltage generated by the rotor of 

control transformer 42 is fed to galvanometer 39 
through phase sensitive rectifier 4f. An alternat 
ing reference voltage is Supplied to phase Sensi 
tive rectifier 4 by tapping the same power line 
that provides an alternating voltage to excite the 
rotor of Synchro transmitter 40, and passing the 
voltage thus obtained through a phase shift net 
work 43 prior to feeding it into said rectifier 4. 
The phase shift network. 43 operates on the volt 
age and compensates for the phase shift that 
Occurs in synchro transmitter 40 and control 
transformer 42 to place it in phase with the signal 
voltage from the rotor of control transformer 42. 
Phase sensitive rectifier 4f supplies galvanometer 
39 with a D. C. voltage that is proportional to the 
Signal voltage from control transformer 42 and 
which has a polarity determined by the phase of 
the signal voltage with respect to the phase of 
the reference voltage. It will therefore be seen 
that it is possible to tell from the position of the 
needle of galvanometer 39 whether synchrotrans 
mitter 40 and control transformer 42 are in bal 
ance, or if the rotor of synchro transmitter has 
not rotated far enough to bring them in balance, 
or if it has rotated past the balance point. Since 
phase sensitive rectifier 4 and phase shift net 
work 43 do not, per se, comprise the present in 
vention, and inasmuch as there are several prior 
art circuits capable of functioning in the above 
described manner, they are not described in detail. 
The control and indicating means of the 

present invention is connected to reduction gear 
26 by means of flexible shaft 44, and means, to be 
explained more in detail hereinafter, are pro 
vided whereby lowering burners 8 to a new unit 
increment or band on thermoplastic body 4 
causes the rotor of control transformer 42, to be 
rotated a predetermined amount so that it will 
indicate the angle or slope, stress applying beam 
2 must assume when the new increment or band 
has been bent the correct amount. . . . . . 

Flexible shaft 44 is coupled directly to shaft 46 
which carries a differential, comprising gears 48   
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and 50, which are mounted for rotation on shaft 
46, and spider gears 52 and 54 meshed with gears 
A8 and 50, respectively, and fixedly mounted on 
shaft 56 which in turn is rotatably mounted in 
arm 58 rigidly attached to shaft 46. Locking 
means 60 is pivotally mounted adjacent gears 48 
and 50 for Selectively locking either gear 48 or 
gear 50. When locking means 60 is rocked to 
engage and lock gear 50, spider gear 54 is forced 
to roll around gear 50. This causes gear 52 to 
rotate, and gear 52 in turn rotates gear 48. Gear 
48 drives... gear 62 which, through flexible shaft 
64, rotates gear 66 and 68 and shaft 70. Shaft 
70, operating through a series of reduction gears 
72, rotates the rotor of control transformer 42. 
Gears 66 and 68 are made readily interchange 
able with others So that the amount the rotor of 
control transformer 42 is rotated for each rota 
tion of flexible shaft 44 can be set at any pre 
determined amount. This makes it possible to 
set the control and indicating means of the 
present invention to control any predetermined 
radius of bend in thermoplastic body. 4. It is a 
natural extension of this that a continuously 
variable ratio could be used and so programmed 
as to introduce any desired single plane shape to 
the thermoplastic body. 

Flexible shaft 64 extends through gear 66 and 
is connected to a counter 74 that is calibrated to 
give the total number of increments that have 
been bent or shaped along body 4. Shaft. To 
carries worm gear 76 which drives pinion gear 78 
to rotate dial 82. Dial 82 is calibrated to give 
the total angle in the case of a circular bend or 
arc that has been bent or shaped. 

It will thus be seen that moving burners 8 
along thermoplastic body 4 the predetermined 
distance for the new incremental bend causes the 
indicating and control means of the present 
invention to set control transformer 42 for the 
new incremental bend and to record on counter 
74 and dial 82 respectively the total number of 
increments that will have been bent or shaped, 
and the total angle of arc through which those 
increments will have been bent, the differences in 
the readings on the counter and dial being deter 
mined by prior calculation. 
When locking means 60 is rocked so that it 

locks gear 48 and releases gear 50, spider gears 
52 and 54 then cause gear 50 to rotate. Gear 50 
drives gear 84 which is fixedly mounted on and 
rotates shaft 86. A portion of shaft 86 is 
threaded to form lead screw 88 which engages 
nut 90. A lug 92 is formed on nut 90 and is 
adapted to engage and actuate electrical Switches 
94 and 96. Switch 94 is fixedly mounted, while 
switch 96 is adjustably carried by adjusting screw 
98 for movement towards or away from Switch 
94. Switches 94 and 96 are connected to motor 
control relays located in motor control box OO. 

After control transformer 42 has been set in 
the above described manner and locking means 
60 has been rocked to lock gear 48 and release 
gear 50, motor 24 is started by means of manual 
switches iO2, and burners 8 are ignited. Motor 
24 through reduction gears 26 and Sprocket 
chains 28 cause burners 8 to travel either up or 
down along thermoplastic body 4. At the same 
time fiexible shaft 44, transmitting power 
through shaft 46 and gears 50 and 84, causes 
lead screw 88 to rotate and move nut 90. When 
lug 92 engages one of the electrical switches 94 
or 96, motor 24 is caused to reverse by reason of 
switch 94 or 96 actuating motor control relayS. 
The reversal of motor 24 causes burners 8 to 
travel along thermoplastic body 4 in the op 
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6 
posite direction, and also causes leadscrew 88 to 
rotate in the opposite direction causing nut 90 to 
reverse its direction until it contacts and actu 
ates the other of Switches 94 or 96, causing motor 
24 to again reverse. This Oscillation of burners. 
8 along thermoplastic body f4 is permitted to 

continue until the increment of thermoplastic 
body 4 under burners 8 has been heated to the 
predetermined degree, and bent through the pre 
determined angle or arc as indicated by control 
transformer 42 and galvanometer 39. 

In one form of manual operation, when 
galvanometer 39 indicates that the increment has 
been bent, through the desired angle of arc, 
burners 8 are shut off, motor 24 is stopped by 
manual switch 02, locking means 60 is rocked 
to lock gear 50 and release gear 48, and motor 
24 is started by means of manual Switches 02 to 
lower burners 8 the predetermined desired 
amount, indicated on dial 82 or counter 74, and 
to set control transformer 42. The above de 
scribed cycle is repeated until thermoplastic body 
4 has been bent or shaped the desired total 
amount. . 
The width of the incremental band on thermo 

plastic body 4 that is bent or shaped in each 
cycle is controlled by the spacing, between elec 
trical switches 94 and 96. If it is desired to in 
crease the width of band being heated, switch 96 
is moved away from switch 94 by means of ad 
justing screw 98. If it is desired to decrease the 
width of band being heated, switch 96 is moved 
toward switch 94 by means of adjusting screw 98. 
A second counter 04 is coupled to gear 50 by 

means of gear f06 and is calibrated to give the 
number of inches that burners 18 oscillate up and 
down along thermoplastic body 4. A disc or 
target fo8 is carried by an extension of shaft 46 
and serves as an indicating means to notify the 
operator of the apparatus whether or not motor 
24 is running. 
The structure as disclosed herein can be modi 

fied readily to obtain automatic operation of the 
machine: e.g. suitable connections can be made 
between rectifier 4 and either pressure or tem 
perature control means in place of galvanometer 
39. If so operated, the pressure would be applied 
continuously, Sufficient in magnitude, to attain 
the desired bend for the instantaneous position of 
the heated increments. Likewise the temperature 
of the heated increment may be used to control 
the amount of heat released by the burners which 
are moved at a constant rate; or alternately the 
heat released by the burners may be constant and 
the rate of travel of the burners be controlled by 
the temperature of the heated increment. 

Since certain changes may be made without 
departing from the scope of the invention herein 
involved, it is intended that all matter contained 
in the above description or shown in the accom 
panying drawing shall be interpreted as illustra 
tive and not limitative. 
What is claimed is: 
1. Indicating and control means in combina 

tion with an apparatus adapted to incrementally 
shape thermoplastic bodies and including a stress 
applying member adapted to rotate through a 
predetermined angle of arc to shape an increment 
of a thermoplastic body a predetermined amount 
and means adapted to move along said body to 
heat the material thereof to a temperature where 
at it can be shaped by the force exerted by said 
Stress applying member, comprising signal gen 
erating means carried by said stress applying 
member, a signal receiving means electrically 
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connected to Said signal generating means, and, 
means connected to said heating means for pre 
determinedly displacing components of said last 
Inentioned means in accordance With the move:- 
ment,...of Said heating means to thereby indicate 
the : angular. disposition of said stress, applying. 
member at the end of the shaping increment cor 
responding to a respective position of Said heat 
ing means. 

2. In combination with an apparatus adapted 
to incrementally shape thermoplastic bodies and 
having a StreSS applying: member, adapted. to ro 
tate through a predetermined angle of arc.to suc 
cessively shape a plurality of increments of a 
thermoplastic body, a predetermined-amount and 
means-adapted to move along Said body. to heat 
the material thereof to attemperature. Whereat 
it can be-shaped by the force exerted by , said 
stress applying member, indicating and control 
means comprising derangeable means carried by 
said stress applying member, Signal: generating 
means also carried by said member and adapted 
to be actuated by Said derangeable means as said 
member is rotated, control means connected to 
said signal generating means, and means con 
nected to said heating means for indicating a conn 
trol quantity on said control means. 

3. Indicating and control means for-an-appara 
tus adapted to incrementally shape thermoplastic 
bodies, and including a stress applying member 
adapted to rotate through a predetermined angle 
of arc to shape an increment of a thermoplastic 
body a predetermined amount, and means adapt 
ed to move along said body to heat the material 
thereof to a temperature whereat it can be shaped 
by the force exerted by said stress applying mem 
ber, comprising, a derangeable means carried by 
said 'stress applying member, a transmitting 
mechanism also carried by said stress applying 
member and adapted to be actuated by Said de 
rangeable means as said member is rotated, con 
trol means electrically connected to Said mech 
anism, and means connected to Said heating 
means for affecting said control means prior to 
the rotation of Said stress applying member. 

4. In combination. With an apparatus adapted 
to incrementally shape thermoplastic bodies. and 
having a streSS applying member adapted to ro 
tate through a predetermined angle of arc to suc 
cessively shape. a. plurality of increments of a 
thermoplastic body a predetermined. amount, 
heating means, and means adapted to move said 
heating means, along Said body to successively 
heat Said plurality of increments. Substantially 
uniformly throughout their widths and: to move 
said heating means along said body to successive 
increments, indicating and control means com 
prising, a balancing means carried by Said stress 
applying member, Signalling means also carried 
by said stress applying member and adapted 
to be affected by Said balancing means as Said 
member is rotated, a control mechanism con 
nected electrically to Said Signalling...means, and 
means coupled to said means for moving. Said 
heating means for actuating said control mecha 
nism prior to the rotation of said stress applying 
member. - 

5. Indicating and control means for an appara 
tus adapted to incrementally-shape.thermoplastic 
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8 
bodies, and having a stress applying: member 
adapted to rotate through a predetermined angle 
of arc to successively shape: a plurality of incre 
ments of a thermoplastic body a predetermined 
amount, heating means, and means, adapted to 
move said heating means along said body to suc 
cessively heat Said plurality of increments sub 
Stantially uniformly throughout their widths and 
to move Said heating means along said body to 
Successive increments, the combination including 
a pendulum carried by said stress applying mem 
ber, a Synchro transmitter also carried by said. 
Stress applying member and adapted to be actu 
ated by Said pendulum as said member is rotated, 
a. control mechanism, said Synchro transmitter 
being connected electrically to said control mech 
anism, and means adapted to couple, said control 
mechanism to said.neans for moving said heat 
ing means whereby said means for moving said, 
heating means is capable of rotating said mecha 
nism through a predetermined angle while nov 
ing Said heating means to a succeeding increment 
of Said body. 

6. Indicating and control means for an appa 
5, ratus adapted to incrementally... shape thermo 

plastic bodies and having a stress applying mem 
ber adapted to rotate through a predetermined 
angle of arc to Successively shape, a plurality of 
increments of a thermoplastic-body a predeter 
mined amount, heating means, and means-adapt 
ed to move said heating; means along said body to 
Successively heat said plurality of increments sub 
stantially uniformly throughout their widths and 
to move Said heating means along said body to 
Successive increments, comprising signal generat 
ing means carried by Saidistress applying men 
ber-capable of transmitting a signal indicative of 
the slope of said stress applying, member, means, 
actuated by said means adapted to move. said 
heating means, for setting a signal to-a value in 
dicative of the angle of arc, said stress applying 
means must paSS through in-shaping an incre 
ment of said body, and means for comparing said 
last mentioned signal with said signal indicative 
of the slope of Said'stress applying member. 

HENRYTYLERMARCY. 
ERNES...MAYER. 
JGHN.F. REEVIES. 
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