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Patented Aug. 11, 1953 2,648,176 

UNITED STATES PATENT OFFICE 
2,648,176 

APPARATUS FOR POLISHING 

Adam Zimmerman, St. Clair Shores, Mich., as 
signor to Houdaille-Hershey Corporation, De 
troit, Mich., a corporation of Michigan 

Application March 27, 1951, Serial No. 217,782 
(C. 5-135) 4. Claims. 

1. 
The present invention is particularly useful in 

connection. With flat polishing machines wherein 
metallic Stock is passed between an abrasive 
polishing belt and a rotatable backing roller. 
Under normal operating conditions, the prime 
mover Which drives the moving polishing belt 
provides a constant horsepower input and the 
backing roll supplies a more or less constant pres 
Sure against the Workpiece during the polishing 
operation. Under these conditions, at the be 
ginning of the operation when the polishing belt 
is still new and the abrasive grit is sharp, an 
excessive amount of Stock is removed from the 
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Workpiece during the polishing. On the other 
hand, as the polishing operation is continued and 
the grit on the working surface becomes worn 
and leSS Sharp, insufficient amounts of stock are 
removed from the workpiece. Thus, a polishing 
belt, if operated in the usual way, will remove 
progressively less stock over successive equal time 
periods of its useful life. 
The presently devised system overcomes the 

difficulties encountered in the conventional pol 
ishing operation described above and substantially 
prolongs the useful life of polishing belts. In one 
phase of the operation, the power input to the 
prime mover which actuates the moving polishing 
belt is varied in accordance with the condition 
of the polishing belt, and so a correlation is 
achieved such that the prime mover is operated 
at a lower power level when the abrasive polish 
ing belt is new and at a higher power level as the 
belt becomes worn. To compensate further for 
the decrease in the polishing ability of the belt 
after extended polishing operations, the pressure 
from the backing roll is also adjusted contempo 
raneously with the adjustment of the power in 
put to the prime mover. By means of these two 
adjustments, the polishing operation can be car 
ried out to achieve controlled amounts of stock 
removal. Ordinarily, it is desired that the 
amount of Stock removal be constant over a given 
area of the Workpiece, but the presently devised 
System is equally operable to effect removal of 
amounts of stocks between defined limits. 
An object of the present invention is to pro 

vide a method for removing controlled amounts 
of Stock from a workpiece during the polishing 
operation. 

Still another object of the present invention is 
to provide a method for compensating for wear 
On an abrasive polishing belt of the type employed 
in a flat polishing machine. 
Another object of the present invention is to 

provide a method for polishing Workpieces in a ; 
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flat polishing machine to compensate for vary 
ing polishing characteristics of the belt during a 
Series of polishing operations, and do so in an 
automatic manner. 

Still another object of the present invention is 
to provide an improved form of polishing ma 
chine for removing controlled amounts of Stock 
from a Workpiece. 
Another object of the present invention is to 

provide an improved flat polishing machine which 
automatically compensates for the decrease in 
polishing ability of the polishing belt as the oper 
ation progresses. 
The invention will be described with more par 

ticularity in connection. With the attached sheet 
of drawings, in which: 

Figure 1 is a schematic representation of one 
System which can be employed in the practice of 
the present invention; 
Figure 2 is a graph of the results achieved using 

the system of the present invention, the ordinates 
representing the amount of stock removal, 
plotted against the number of sheets polished as 
Well as the Square feet of surface polished when 
using a standard 100 grit polishing paper; and 

Figure 3 is a graph similar to that in Figure 2 
illustrating the results obtained when using a 
standard 180 grit paper. 
As shown on the drawings: 
The System illustrated in Figure 1 represents 

One type of assembly which may be employed in 
the practice of the present invention. In that 
drawing there is illustrated an elongated metallic 
Strip 0 which is fed between a constantly ro 
tating contact roll having a belt f2 contain 
ing abrasive polishing material trained there 
around. The workpiece 0 is supported in its 
polishing position by means of an upwardly biased 
backing roll f3, which is an idler roll and which 
Supplies the proper pressure against the work 
piece during the polishing operation. 
The contact roll which carries the abrasive 

belt 2 may be rotated by means of a chain 60 
from a prime nover which, in most installations, 
Will be a heavy duty electric motor such as 
notor 6. 
Instead of operating the prime mover at a 

constant horsepower, as is conventional in polish 
ing Operations, I propose to vary the power in 
put to the prime mover during the progress of the 
polishing operation. In the case of an electric 
motor prime mover, this can be conveniently done 
by varying the current into the motor as the 
polishing Operation progresses. In the arrange 
ment shown in Figure. 1, the motor 6 is ener 
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gized from a source of electrical energy at termi 
nals 62 and 63. A rheostat 64 in one side of the 
line is provided to vary the current input to 
the motor and thereby vary the power input to 
the motor. Thus, at the start of the operation 
when the abrasive grit of the polishing belt is 
Sharpest and therefore has its greatest abrading 
action, the current into the motor 6 will be held 
at a relatively low value. As the polishing op 
eration progresses and the abrasive belt 2 be 
Comes Worn, the current input to the motor is 
correspondingly increased to achieve the required 
degree of stock removal. 
The adjustment of the power input to the 

motor Will, of course, depend upon the nature 
of the polishing belt, the type of material being 
polished, and the amount of stock to be removed. 
The proper current values to be maintained dur 
ing any phase of the polishing cycle can be 
readily aScertained after a few test pieces have 
been put through the polishing operation and 
the constancy of stock removal determined from 
these test samples. 

In Some installations it will not be particularly 
feasible to vary the power input to the prime 
mover over the relatively wide range that is 
Sometimes required to compensate for the wear 
ing of the polishing belt. To compensate fur 
ther for this Wear, the present system also pro 
vides means for varying the pressure on the 
Workpiece to applied by the backing roll or 
"billy-roll' 3. This pressure controlling sys 
ten includes a lever 6 having a bearing hous 
ing or bracket f thereon for rotatably support 
ing the backing roll 3. One end of the lever 
6 is pivotally mounted by means of a pin 8 to a 
Support means 9. The opposite end of the lever 
6 is also pivotally mounted by means of a pin 
20 to an arm 2 of a displacement device. In 
the form of the invention illustrated in Figure 1, 
this displacement device includes a pneumatical 
ly-operated cylinder 22. The latter is of con 
Ventional design in that it includes a piston re 
ciprocable in the cylinder and a piston rod 2. 
The direction and extent of displacement of the 
piston within the cylinder is determined by the 
differential air pressure acting upon the piston. 
A pair of compressed air feed lines 23 and 24 sup 
ply air under pressure to the cylinder 22 on op 
posite Sides of the piston and thereby control 
the displacement of the piston and its associated 
rod 2. 
A Solenoid-actuated three-way valve 25 con 

trols the differential air pressure in the feed 
lines 23, and 24, and hence between opposite sides 
of the piston. It is this differential pressure that 
is applied to the backing roll 3. 
The remainder of the System includes means 

for automatically varying the pressure of the 
backing roll 3 against the workpiece 0 and also 
includes a by-pass for manual operation of the 
system. 

Both portions of the control system are fed 
from a common supply of compressed air enter 
ing the System through a conduit 27. The upper 
branch of the System illustrated in Figure in 
cludes the automatic control means for adjust 
ing the displacement of the piston within the 
cylinder 22 and includes a gate valve 28 for 
metering the flow of compressed air into the up 
per branch. After passing through the gate 
valve 28, the compressed air is filtered by means 
of the suitable air filter 29. Control of the rate 
of flow of filtered air leaving the filter 29 is ac 
complished by means of a pressure regulating 
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4. 
valve 30. An operating button 3? on the pres 
Sure regulating valve 30 is actuated by an auto 
matically-controlled pressure control System to 
feed the proper amount of compressed air into 
the cylinder 22. A pressure gauge 32 is also in 
cluded in the compressed air line to provide 
means for visually determining the existing air 
preSSure in the line. 
The heart of the automatic control System ill 

lustrated in Figure 1 is an electrically-operated 
pressure controller 33. The latter is energized 
by means of a pair of leads 34 and 35 from a 
Suitable Voltage Source. 
The pressure controller 33 includes a Small 

electric timer motor (not shown) Which drives 
an arcuately-shaped control cam 34. The pe 
riphery of the cam 34 is in contact with a roller 
37 carried by an arm. 38. The opposite end of 
the arm is pivotally Secured as at 38 to an exten 
sion 40 on the pressure regulator valve 30. A 
Spring 4 biases the roller 37 against the pe 
riphery of the cam 36. The timer motor driving 
the can 36 preferably runs at a Speed. Such that 
the cam 36 makes One complete revolution during 
a predetermined period which approximates the 
useful life of the polishing belt f2. As the cam 
36 is rotated in a clockwise direction, as viewed 
in Figure 1, the arm 38 is urged downwardly 
against the biasing action of the Spring 4 and 
depresses the operating button 3 of the pressure 
regulator valve 30. As a consequence, the com 
pressed air is fed into the Solenoid-actuated 
valve 25 through a gate valve: 42. After the 
belt 2 has reached the end of its useful life, it 
is replaced and the control mechanism reset 
So that the roller 37 contacts the cam 36 along 
the periphery of the cam where the radius of the 
cam 36 is at a minimum. In this position, the 
minimum differential air pressure is maintained 
Within the cylinder 22 so that only a relatively 
Small pressure is exerted by the backing roll 
3 against the Workpiece O. As the polishing 
operation progresses, the operating button 3 of 
the pressure regulator valve 30 is depressed fur 
ther by the action of the arm 38 and more air 
pressure is supplied to the cylinder 22. This in 
creased pressure moves the arm 2 i to urge the 
backing roll 3 against the workpiece 0 with 
increased preSSure, thereby compenSating for the 
reduced ability of the polishing belt 2 to effect 
the proper degree of Stock removal. 
An auxiliary System is also provided to permit 

manual operation. This portion of the system 
includes a gate valve 50, a pressure regulator 
valve 5, and a pressure gauge 52. The 
manual system operates in the same man 
ner as the automatic System described pre 
viously, except that control of the flow of 
compressed air into the cylinder 22 is regulated 
manually by depressing the operating button 52 
on the pressure regulator valve 5 when the pres 
sure on the backing roll 3 is to be varied. 
The graphs of Figures 2 and 3 illustrate the 

improved results obtained by varying the horse 
power input to the prime mover as compared 
With using a constant horsepower drive. on the 
prime mover. The upper portion of the graph 
of Figure 2 represents the results obtained in a 
test using a standard 100 grit polishing paper to 
remove 0.15 ounce of stock per square foot of 
stock, 
The dashed line plot, labeled curve A, was ob 

tained during a polishing operation employing a 
36-horsepower electric motor operated under 
conditions of constant horsepower. As shown 
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On curve A, the amount of stock removed from 
the piece varied quite Substantially from the start 
of the run until its completion, and for most of 
the pieces the amount of stock removal was out 
side the desired range of between 0.10 and 0.20 
ounce per Square foot. On the other hand, when 
provision Was made for adjusting the horsepower 
input to the motor, the amount of stock removal 
WaS far more Constant. The results obtained are 
shown in the Solid line plot, labeled curve B. The 
net result, Was an improvement of 102% in the 
useful life of the polishing belt. The percentage 
improvement Was found by comparing the con 
stant stock removal test results which the curves 
obtained when employing constant power. When 
the constant horsepower curve falls below the 
required Stock removal, the belt may be con 
Sidered no longer effective. The amount of in 
provement is then calculated from this point. 
For example, in the previously described plot, the 
Constant horsepower curve falls below the test 
result line at 470 pieces. The duration of the 
Constant Stock removal test extended for 950 
pieces. Therefore, the percentage improvement 
WaS 

950 - 470 
470 

The bottom portion of the graph of Figure 2 
representS the resultS obtained in attempting to 
remove 0.10 ounce of stock per square foot of 
Stock. The dashed line labeled curve C illustrates 
that the requisite amount of stock was removed 
only on a limited number of Workpieces during 
the constant horsepower test. On the other hand, 
the Solid line labeled curve ID shows the improved 
resultS obtained by operating under conditions 
of Varying power input. The net result, calcu 
lated as previously, was an improvement of 1.03% 
in the useful life of the belt. 
The curves in Figure 3 are quite similar to 

those in Figure 2 except in this series of tests a 
27-horsepower motor Was used in combination 
With a Standard 180 grit paper. The dash line 
curve, labeled curve E, shows the results ob 
tained. When using a constant power input. These 
resultS have been compared With the results ob 
tained by Varying the power input to achieve a 
Constant Stock removal of 0.06 ounce per square 
foot (curve F) and a constant Stock removal of 
0.03 ounce per square foot (curve G). The im 
provements in extending the useful life of the 
abrasive belt Were, respectively, 94% and 13.3%, 
aS ShoWn. 
The results shown on the graphs of Figures 2 

and 3 are typical and could be improved by a 
more accurate correlation of the power input to 
the prime mover and by proper adjustment of 
the pressure of the backing roll. However, the 
resultS do indicate clearly that an increase in 
the useful life of the polishing belt up to 100% 
and more are obtainable by the method of the 
present invention. This Substantial improvement 

X 100 or 102% improvment 
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6 
represents a significant saving in the expense of 
polishing belts, while at the same time providing 
a predetermined degree of Stock removal which 
is practically unattainable by running the polish 
ing Sheet in the conventional manner. 

It Will be understood that modifications and 
Variations may be effected without departing from 
the Scope of the novel concepts of the present 
invention. 

I claim as my invention: 
1. A polishing apparatus including a movable 

endless abrasive member, a rotatable backing roll 
in juxtaposition to Said member, the member and 
backing roll being arranged to receive a work 
piece therebetWeen, means adjustably supporting 
Said backing roll, and means cooperating with 
Said adjustable supporting means to increase the 
preSSure of Said backing roll against Said Work 
piece as the polishing operation progresses. 

2. A polishing apparatus including a moving 
abrasive belt, a rotatabie backing roll in spaced 
relation to said moving abrasive belt to receive 
a Workpiece therebetween, Supporting means 
pivotally Supporting Said backing roll in posi 
tion, displacement means engaging Said support 
means for varying the pressure of Said backing 
roll against Said Workpiece, and actuating means 
aSSOciated With Said displacement means for con 
trolling the amount of preSSure on said backing 
roll. 

3. A polishing apparatus including a moving 
abrasive belt, a rotatable backing roll in spaced 
relation to said moving abrasive belt to receive 
a Workpiece therebetWeen, Support means pivot 
ally Supporting Said backing roll in position, pres 
Sure-responsive displacement means engaging 
Said Support, and control means aSSociated with 
Said preSSure-responsive means for controlling 
the pressure-responsive displacement means to 
thereby way the amount of pressure on said 
backing roll. 

4. A polishing apparatus including a moving 
abrasive belt, a rotatable backing roll in spaced 
relation to Said moving abrasive belt, said belt and 
roll being arranged to receive a workpiece there 
between, Support means pivotally supporting said 
backing roll in position, pressure-responsive dis 
placement means engaging said support means, 
means for Supplying fluid under pressure to said 
displacement means, and means for continuously 
and cyclically varying the amount of fluid sup 
plied to Said displacement means. 

ADAM ZIMMERMAN. 
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