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DRAW BENCH LHUADENG MEAfiUEEMENTS 

Ralph M. Manning, Winchester, and William .li. Schultz, 
Lynn?eld, Mass, assignors to General Electric Com 
pany, a cerporation of New Yorlr 

Filed Nov. 30, 1959, Ser. No. 856,112 
12 Claims. (Ci. Edd-3) 

This invention relates to draw benches of the type 
used to draw metal tubing or bars down to desired cross 
sectional dimensions, and more particularly, to an ar 
rangernent for indicating and recording deviations from 
the maximum allowable loading or stress which may be 
exerted on the draw bench as a result of the drawing 
operation, and to a method for utilizing such deviations 
in the operation of a draw bench. 

I has been found that mechanical overloading of draw 
benches can occur without electrical overloading of the 
draw bench electric drive motor. The loading and stresses 
exerted on a draw bench during a drawing operation 
varies both with the speed of the draw and the instantane 
ous power provided by the drive motor. In the absence 
of means to instantaneously coordinate the two variables, 
control of the draw bench in the past has been largely a 
matter of operator experience and judgment. 

However, draw benches are frequently large and ex 
pensive pieces of equipment. For example, the draw 
bench to which the subject invention has been success 
fully applied utilized a 250 horsepower direct current 
motor with draw bench speeds of 80 feet per minute to 
240 feet per minute. In one plant it was found that 
mechanical overloading of draw benches was found to 
cause frequent damage to the gearing and breakage of 
draw chains, and in one case a bench was actually pulled 
oif the factory ?oor causing many thousands of dollars 
of damage to the bench, plus the loss of production dur 
ing equipment downtime. 

It is an object of this invention to provide an arrange 
ment to instantaneously indicate mechanical overloads of 
a draw bench over a variable speed range. 
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it is a further object of this invention to provide an ‘ 
improved method of indicating and recording the times at 
which a draw bench is overloaded during operation. 

it is yet another object of this invention to indicate and 
utilize deviations from the maximum allowable mechani 
cal loading of a draw bench. 

Other objects and advantages of the invention will be_ 
come apparent as the following description proceeds and 
the features of novelty which characterize the invention 
will be pointed out with particularity in the claims an, 
nexed to and forming a part of this speci?cation. ’ 

In accordance with one form of the invention, means 
are provided to produce an electrical signal which is 
proportional to the power applied to the draw bench, 
means are provided to produce an electrical signal pro 
portional to the speed of movement of the draw bench, 
and means are provided for combining the electrical sig 
nals and indicating mechanical loading placed on the draw 
bench relative to the maximum allowable loading. 
More particularly, an electrical signal is developed 

proportional to the electrical input of the motor driving 
the draw bench, and a tachometer generator is utilized 
to provide an electrical signal which is proportional to 
the speed of the draw bench. The two signals provide 
electric currents which are proportioned by adjusting 
means such that their eifects upon the indicating instru 
ment are made equal and opposite for combinations of 
speed of the draw bench and the instantaneous power of 
the drive motor which result from a given loading on 
the draw bench. If the given loading is the maximum 
allowable, the electric instrument will indicate deviations 
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of draw bench loading below or above the maximum 
allowable. In the preferred embodiment, the electric 
instrument is incorporated as part of a recorder to main 
tain a record of the bench loading. 
For a better understanding of this invention, reference 

may be had to the following description taken in con 
nection with the accompanying drawings in which: 
FIG. 1 is a schematic representation of a draw bench 

incorporating the invention; 
FIG. 2 is a plot of the instantaneous draw bench drive 

motor power versus the speed of the draw illustrating the 
linear relationship of constant load curves which result; 
FIG. 3 is a preferred embodiment of an instrument 

which combines the electrical signals representing the 
variables of FIG. 2 to provide a single indication of the 
deviation of the loading applied to the draw bench from 
the maximum allowable loading; 

FIG. 4 illustrates relationships between the variables 
of FIG. 2 which are desirable in the instrument of FIG. 3; 
FIG. 5 is an alternate embodiment of the instrument 

shown in FIG. 3; 
FIG. 6 is an enlarged View of the die shown in FIG. 1; 

and 
FIG. 7 is an alternate embodiment of the invention. 
Referring to FIG. 1, a draw bench is illustrated sche 

matically comprising a movable chassis or driven mem 
ber I mounted on wheels 2 for linear movement along 
rails 3 and 4 an fastened to the draw chain 5 through 
connecting member 6. 
The draw chain 5 moves between sprocket wheels 7 

and 3 which along with rails 3 and 4i are securely fas 
tened to the factory floor. One of the sprocket wheels 7 
is rotatably driven by a direct current or DC. drive 
motor 18 through intermediate reduction gearing such 
as gears 11 and i2 and their associated shafts l3 and 
14;, respectively. Different speed ranges may be provided 
through use of change gears in the gearing. The speed 
and direction of travel of the chassis l for a given ratio 
of gears 11 and 12 are determined by the speed and di 
rection of rotation of the motor iii. A direct current 
motor is utilized since the direction of rotation may be 
readily controlled through the polarity of the applied volt 
age and the speed of rotation may be varied through con 
trol of the magnitude of the ?eld current. 
The pipe, tubing, or bar 18 which is being drawn or 

reduced in cross section is drawn through die 19 to pro 
vide a bar of reduced diameter 18'. Die 19, as best 
shown in FIG. 6, is attached to the factory ?oor by sup 
port 2% and contains a tapered opening 21 through which 
the bar passes. The bar 18 is drawn through the open 
ing 21 of the die by clamping one end 23 of the pipe 
to the clamp member 24 carried by a chassis 1 and mov 
ing the chassis away from the die in the direction indi 
cated by thev arrows of FIG. 1. In operation a con 
tinuous drawing process is accomplished by moving chas 
sis 1 through control of motor 10 to the region of die 
19, clamping the pipe 18' to clamp member 24 and 
propelling the chassis 1 along the rails 3 and d in the di 
rection of the arrows until the stop or end of the rails 
25 is reached. The clamp member 24 is then loosened, 
the chassis l is returned to the‘region of the die and the 
process repeated. 

In order to appreciate the magnitude of the stresses 
involved in the drawing operation, it may be noted that 
a draw bench to which the subject invention has been 
applied provides pulls of up to 50,000 lbs. with a linear 
speed of draw or movement of chassis 1 being 80 feet 
per minute to 240 feet per minute through ?eld current 
control of a 250 horsepower motor. 
To obtain maximum bench output the bench speed 

should be as rapid as possible, limited however by the 
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loading capabilities of the draw bench. Draw speeds 
will therefore vary for different types of metals ‘or metals 
havinng a variable range of alloys in accordance with 
manufacturing tolerances. Also, through use of a plu 
rality of dies, a plurality of pipes are often drawn at the 
same time by a single bench. The mechanical stresses or 
loading imposed upon the draw bench are a function of 
both the speed of the draw and the power input to the 
draw bench delivered by the motor Jill. In practice, a 
draw bench operator has been guided by indications of 
draw bench speed or power input. However, because of 
the relatively fast and variable speeds of the draw, it has 
been found difficult and impractical for the operator to 
note and correlate one or more readings in order to de 
termine if the maximum allowable loading of the draw 
bench were being exceeded. Also, it has been found 
that draw benches are often overloaded by an operator 
attempting to obtain maximum bench output. 

In accordance with the present invention, electrical 
signals are developed which represent the speed of move 
ment of the chassis 1 and the instantaneous power of the 
motor 10. The two signals are combined in an instru 
ment to visually and/ or audibly indicate mechanical 
overloading of the draw bench. 
An electrical signal proportional to the speed of the 

draw is obtained by coupling the rotor of a tachometer 
generator 30 to the shaft 31 of sprocket wheel 8. The 
tachometer generator provides the electrical signal indi 
cated as YY in FIG. 1 which is proportional to the speed 
of rotation of shaft 31 which is in turn proportional to 
the speed of travel of the chassis 1. 
An electrical signal representing the instantaneous 

power of the motor 10 is obtained through use of a di 
rect current transformer 32 associated with the D.C. 
power input lines 33 and 34. In order to provide 
a pure DC. signal which may be readily combined with 
the D.C. voltage output provided by the tachometer 
generator 39, the output of the D.C. transformer 32 is 
fed throuugh recti?er 35 to provide an output XX which 
is proportional to the power of the motor 18. The volt 
ages XX and YY provide currents IXX and lyy, respec 
tively, when applied in circuit with an indicating instru 
ment. 

It has been found that if the signal IXX, representing 
the drive motor input power, is plotted against the sig 
nal IYY, representing the speed of the draw, a linear 
plot results for constant mechanical stress on the draw 
bench as shown in FIG. 2. 

This relationship is utilized in an instrument 40 for 
combining the current IXX and lyy. A preferred em 
bodiment of such an instrument is indicated schemactially 
in FIG. 3. 

Referring to FIG. 3, the voltage XX is fed to a pair 
of series connected stator windings 41 and 42 while the 
voltage YY is fed to a pair of series connected stator 
windings 43 and 4-4. A pair of rotor windings 45 and 
4-6 are wound upon rotor 39 which carries pointer 47 to 
cooperate with scale 48 to indicate the angular de?ec 
tion of the rotor windings. Spring 38 biases rotor 3? 
to a central position relative to scale 48. The rotor wind 
ings 45 and 46 are electrically connected in series and 
energized by a D.C. voltage provided by recti?er 48'. 
The recti?er 48’ is energized by an alternating current 
source 50 and the output thereof is controllable by cur 
rent limiting resistor as. The stator windings 41 and 
42 and the polarity of the applied voltage XX is selected 
such that the rotational torque provided by the inter 
action of the magnetic ?uxes provided by current ?ow 
through windings 41, 42 and 45 is opposite to the rota 
tional torque provided by the interaction of the mag 
netic ?uxes between windings 43, 44 and 46. The angu 
lar deflection of the rotor windings 45 and 46 and there 
fore of the pointer 47 is determined by the difference in 
the torques provided by the current Ixx and that pro 
vided by the current IYY. 
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FIG. 4 illustrates the desired relationship between the 

rotational torques provided in response to the currents 
IXX and IYY. The torque ,versus current characteristic 
produced by the voltage YY may be adjusted by rheo 
stat 52 connected in series with the tachometer generator 
34) as shown in FIG. 1. t is desirable to adjust the two 
torque characteristics, so that they are mirror images of 
each other to make it possible to calibrate the instru 
ment 49 to show the approximate amount of deviation 
from the maximum mechanical loading curve. The 
torque characteristics are made to be equal and oppo 
site for all conditions of draw bench power and draw 
bench speed which combine to provide the maximum 
allowable draw bench mechanical loading, or some other 
given loading related thereto. Hence, an instrument such 
as a Zero center de?ection instrument may be utilized to 
indicate the maximum allowable or safe mechanical load 
on the draw bench at the center position with de?ections 
from the center position indicating loads which are below 
or above the maximum allowable. 
The instrument as may then be used as an indication 

of how much additional stress can safely be put on the 
draw bench at any given time. The instrument 49 may 
conveniently comprise the de?ection mechanism of a strip 
chart recorder to provide a record of the mechanical stress 
which has been applied to the draw bench during opera 
tion in addition to instantaneous loading indications. The 
strip chart recorder is indicated schematically as 43' in 
FIG. 1 with reference line 50 indicating the maximum 
safe mechanical loading of the draw bench. Contacts 
associated with the recorder can be utilized to energize 
an audible alarm when the maximum allowable loading is 
exceeded. 
When the torque characteristic curves of FIG. 4 have 

been adjusted as described above, a given change in either 
the current input of the motor It} or the speed of the 
carriage 1 of the draw bench will represent a de?nite 
change in the stress applied to the draw bench. An in 
crease in the current input of motor 10 will produce an 
increase in instrument torque resulting from the increase 
of current IXX which tends to drive the instrument up 
scale while an increase in the speed of travel of the car 
riage 1 will provide ‘an increase in current lyy which pro 
duces an increased torque which tends to drive the instru 
ment downscale. Any time that the two torques are in 
balance, the draw bench will be operating at maximum 
capacity without overloading. If the speed of travel of 
the carriage 1 should increase without an increase of cur 
rent being supplied to the motor 1f}, the instrument 40' 
will de?ect downscale against the bias of spring 38 in 
dicating that the mechanical load on the draw bench has 
been reduced. Conversely, if the speed of travel of the 
chassislshould decrease without a decrease in the current 
supplied to the motor 10, the instrument 40 will de?ect 
upscale indicating an increase in load on the draw bench. 
FIG. 5 illustrates an alternate embodiment of the in 

strument 49. Referring to FIG. 5, it will be seen that 
the stators 55 and 56 comprise permanent magnets. The 
rotor windings 57 and 58 are wound upon armature 54. 
The voltages YY and XX are connected to the moving 
coil windings 57 and 58 and the poles of stators 55 and 
56 are arranged such that the torques developed between 
the interaction of the permanent magnet stators and the 
magnetic ?eld provided by current flow through the wind 
ings 58 and 57, respectively, tend to produce de?ections 
in opposite directions in a manner similar to that de 
scribed in connection with FIG. 3. The pointer 59 is 
attached to the armature 54 around which the rotor wind 
ings 57 and 58 are wound and cooperates with scale 60 
to indicate the mechanical loading of the draw bench rela 
tive to the maximum allowable loading 62. Spring 61 
establishes the center position of pointer 59 in the absence 
of a net de?ection torque. 

While the subject arrangement has been shown in corn} 
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bination with direct current circuits, the invention can 
readily be applied to alternating current circuits. 

FIG. 7 illustrates ‘an alternate embodiment of the in 
vention which enables the direct calibration of the indi 
cator in the magnitude of the loading imposed upon the 
draw bench rather than an indication of the approximate 
magnitude of deviation item a predetermined or maxi 
mum allowable loading. To enable a direct calibration 
of the instrument lit}, the product of the electrical signals 
In and 

l 

IYY 
should be realized. 

Referring to FIG. 7, it will be seen that the output YY 
of tachometer generator 3% is used to control the posi 
tioning of the wiper 65 of potentiometer 66 through the 
servo mechanism 57 which rotates the wiper an amount 
proportional to the voltage YY. A battery 68 is con 
nected across the potentiometer 66 and the voltage YY 
provided between one end of the potentiometer 66 and 
the position of arm 65 relative to one end thereof is pro 
portional to 

l 

IYY 

The voltage Y’Y’ is used to energize the rotor 69 of the 
instrument “Iii while the series connected stator windings 
71 and 72 of the instrument are energized by the voltage 
XX. The de?ection of pointer '73 in response to the com 
bined torque of IYIYI and IXX is indicated on scale 74 
which may be directly calibrated in pounds loading of the 
draw bench. 
However, it has been found that the arrangement shown 

in FIG. 7 is more expensive and complex than that of 
the previously described embodiments of the invention 
which indicate loading deviations above and below the 
maximum. Such indications have been ‘found to be satis 
factory, even though the relative magnitudes thereof are 
only approximate and may vary under certain conditions, 
since the maximum allowable loading is adjusted to be 
accurate over the range of operating conditions. 

Therefore, while particular embodiments of the sub 
ject invention have been shown and described herein, they 
are in the nature of description rather than limitation, and 
it will occur to those skilled in the art that various 
changes, modi?cations, and combinations may be made 
within the province of the appended claims without de 
parting either in spirit or scope from this invention in its 
broader aspects. 
What we claim as new and desire to secure by Letters 

Patent of the United States is: 
1. An instrument for indicating the mechanical loading 

of a draw bench of the type in which a driven member 
draws material through a die comprising: means to pro~ 
vide a ?rst signal proportional to the speed of the driven 
member of the draw bench, means to provide a second 
signal proportional to the instantaneous power of the 
means which drive said driven member, means to combine 
said ?rst and second signals, means to indicate the result 
ant of said combined signals, and means to adjust the 
relative e?ects of said ?rst and second signals upon said 
indicating means to provide the same indication for com 
binations of speed of the driven member and power of 
the drive means which result from a given loading on 
said draw bench, said given loading being related to the 
maximum allowable loading of said draw bench. 

2. An instrument for indicating the mechanical loading 
of a draw bench of the type in which a member draws 
material through a die comprising: means to provide a 
?rst electrical signal proportional to the speed of the 
driven member of the draw bench, means to provide a 
second electrical signal proportional to the instantaneous 
power of the means which drive said driven member, 
means to combine said ?rst and second electrical signals 
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6 
and to indicate the resultant of said combination, and 
means to adjust the relative effects of said ?rst and second 
electrical signals upon said indicating means to provide 
the same indication for combinations of speed of the 
driven member and power of the drive means which re 
sult from a given loading on said draw bench, said given 
loading being related to the maximum allowable loading 
of said draw bench. 

3. An instrument for indicating the mechanical load 
ing of a draw bench of the type in which a member driven 
by an electric motor draws material through a die com 
prising: means to provide a ?rst electrical signal propor 
tional to the speed of the driven member of the draw 
bench, means to provide a second electrical signal propor 
tional to the electrical input of the motor which drives 
said driven member, means to combine said ?rst and 
second electrical signals and to indicate the resultant of 
said combination, and means to adjust the relative eiiects 
of said ?rst and second electrical signals upon said in 
dicating means to provide the same indication for combina 
tions of speed of the driven member and power of the 
drive means which result from a given loading on said 
draw bench, said given loading being related to the max 
imum allowable loading of said draw bench. 

4. An instrument for indicating the mechanical loading 
of a draw bench of the type in which a driven member 
draws material through a die comprising: means to pro 
vide a ?rst signal proportional to the speed of the driven 
member of the draw bench, means to provide a second 
electrical signal proportional to the instantaneous power 
of the means which drive said driven member, means to 
combine said ?rst and second signals, and to indicate 
the resultant of said combination, and means to adjust the 
relative effects of said ?rst and second signals upon said 
indicating means to provide effects which are equal and 
opposite for combinations of speed of the driven member 
and power of the drive means which result from a given 
loading on said draw bench, said adjustment providing an 
indication of a loading which is releated to the maximum 
allowable loading of said draw bench. 

5. An instrument for indicating the mechanical loading 
of a draw bench of the type in which a member driven 
by an electric motor draws material through a die com 
prising: a tachometer generator to provide a ?rst electrical 
signal proportional to the speed of the driven member of 
the draw bench, means to provide a second electrical sig 
nal proportional to the electrical input of the motor which 
drives said driven member, means to produce and com 
bine torques which are proportional to said ?rst and 
second electrical signals and to indicate the difference 
therebetween, and means to adjust the relative effects of 
said ?rst and second electrical signals upon said indicating 
means to provide torques which are equal and opposite for 
combinations of speed of the driven member and power 
of the drive means which result from a given loading on 
said draw bench, said given loading being related to the 
maximum allowable loading of said draw bench, said 
indicating means indicating draw bench loadings above 
and below said maximum allowable loading. 

6. An instrument for indicating the mechanical load 
ing of a draw bench of the type in which a driven mem 
ber of the draw bench draws material through a die com 
prising: means to provide a ?rst signal proportional to 
the speed of the driven member of the draw bench, means 
to provide a second signal proportional to the instantane 
ous power of the means which drive said driven member, 
means to provide a third signal which is the reciprocal 
of one of said ?rst mentioned signals, means to combine 
said third signal and the other of said ?rst mentioned 
signals and to indicate the product thereof, said indicating 
means being calibrated to provide indications of the me 
chanical loading of said draw bench. 

7. A method of providing material of a desired cross 
section comprising: passing a portion of material of a 
cross section greater than that desired through a ?xed die 
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of the desired cross section, securing a movable member 
to the said portion, driving the said movable member 
away from said die by driving means, deriving a ?rst sig 
nal representing the speed of said movable member rela 
tive to said ?xed die, deriving a second signal represent~ 
ing the power input to said driving means, combining the 
e?ects of said ?rst and second signal and indicating the 
resultant thereof, and controlling the speed of said mov 
able member in accordance with the indication of the 
combined e?ects of said signals. 

8. A method of drawing a material to a desired cross 
section through a ?xed die without exceeding the maximum 
allowable loading of the draw bench comprising: secur 
ing a movable member to the material being drawn, 
drawing the movable member away from the ?xed die by 
a driven member, deriving a ?rst electrical signal propor 
tional to the speed of said driven member, deriving a 
second electrical signal proportional to the instantaneous 
power of the means which drive said drive member, 
combining said ?rst and second signals and indicating the 
resultant thereof, adjusting the relative effects of the ?rst 
and second signals to provide the same indication for 
combinations of speed of the driven member and power 
of the drive means which result from a given loading on 
the draw bench and which is related to the maximum al 
lowable loading on the draw bench, and controlling the 
speed of said driven member in accordance with said 
indications. 

9. A method of drawing a material to a desired cross 
section through a ?xed die without exceeding the maxi 
mum allowable loading of the draw bench comprising: se 
curing a movable member to the material being drawn, 
drawing the movable member away from the ?xed die by 
a member driven by an electric motor, deriving a ?rst elec 
trical signal proportional to the speed of said driven mem 
ber, deriving a second electrical signal proportional to 
the electrical input of the motor which drives said driven 
member, combining said ?rst and second signals and 
indicating the resultant thereof, adjusting the relative ef 
fects of the ?rst and second signals to provide a predeter 
mined indication for combinations of speed of the driven 
member and power of the drive means which result from 
a given loading on the draw bench and which is related 
to the maximum allowable loading on the draw bench, 
and controlling the speed of said driven member in ac 
cordance with said indications. 

10. A method of drawing a material to a desired cross 
section through a ?xed die without exceeding the maxi 
mum allowable loading of the draw bench comprising: 
securing a movable member to the material being drawn, 
drawing the movable member away from the ?xed die by 
a driven member, deriving a ?rst electrical signal propor 
tional to the speed of said driven member, deriving a sec~ 
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end electrical signal proportional to the instantaneous 
power of the means which drive said driven member, com 
bining said ?rst and second signals and indicating the 
resultant thereof, adjusting the relative effects of the 
?rst and second signals upon the indicator to provide 
effects which are equal and opposite for combinations 
‘of speed of the driven member and power of the drive 
means which result from a given loading on the draw 
bench and which are related to the maximum allowable 
loading on the draw bench, and controlling the speed of 
said driven member in accordance with said indications. 

11. A method of drawing a material to a desired cross 
section through a ?xed die without exceeding the maxi 
mum allowable loading of the draw bench comprising: 
securing a movable member to the material being drawn, 
drawing the movable member away from the die by a 
member driven by an electric motor, deriving a ?rst elec 
trical signal by a tachometer generator proportional to 
the speed of said driven member, deriving a second elec 
trical signal proportional to the electrical input of the 
motor which drives said driven member, providing and 
cornbinin<y torques which are proportional to said ?rst and 
second signals and indicating the di?erence therebetween, 
adjusting the relative effects of the ?rst and second sig 
nals upon said indicating means to provide torques which 
are equal and opposite for combinations of speed of the 
driven member and power of the drive means which 
result from a given loading on the draw bench to indi 
cate draw bench loading above and below the maximum 
allowable loading, and controlling the speed of said driv 
en member in accordance with said indications. 

12. A method of drawing a material to a desired cross 
section through a ?xed die without exceeding the maxi 
mum allowable loading of the draw bench comprising: 
securing a movable member to the material being drawn, 
drawing the movable member away from the ?xed die by 
a driven member, deriving a ?rst electrical signal propor 
tional to the speed of said driven member, deriving a 
second electrical signai proportional to the instantaneous 
power of the means which drive said member, deriving a 
third signal which is the reciprocal of one of said ?rst 
mentioned signals, combining said third signal with the 
other of said ?rst-mentioned signals and indicating the 
product thereof, and controlling the speed of said driven 
member in accordance with said indications. 
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