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This invention relates to a grinding machine and, more 
particularly, to apparatus arranged to produce finished 
surfaces of revolution by the abrasion process. 

In the art of finishing surfaces of revolution by grind 
ing, there are two methods which have generally been 
used for determining the final dimension of the finished 
surface. One of these methods is that of terminating the 
grinding operation when the wheelhead which carries the 
abrasive wheel reaches a predetermined position relative 
to the workhead which carries the workpiece; in using 
this method it is common practice to dress the abrasive 
wheel from time to time and, at the time of dressing, 
to "compensate” for the amount of wheel material re 
moved by wear during grinding and by the dressing oper 
ation by moving the final size position. The second method 
is to use an in-process gage which measures the size of 
the surface to be finished during the grinding operation 
and terminates the operation when the proper size has 
been reached. In both of these processes the wheel can 
be dressed either during each grinding cycle or after a 
predetermined number of grinding cycles have gone by. 
The difficulty with doing this is that abrasive wheels differ 
in quality from one another and any given wheel may vary 
in its prediliction to wear from time to time. This means 
that at one time the dressing operation may remove a 
considerable part of the wheel, while at another time it 
may remove very little, due to variations in wear of the 
wheel. Since the dressing or passage of the diamond over 
the abrasive wheel determines the smoothness of the sur 
face of the wheel as well as its geometry, variations in 
the amount of wheel removed by the diamond will vary 
the quality of the dress as well as the geometry of the 
wheel; this can greatly affect the finished size and shape, 
particularly when precision work is being done. These 
and other difficulties experienced with the prior art de 
vices have been obviated in a novel manner by the pres 
ent invention. 

It is, therefore, an outstanding object of the invention 
to provide a grinding machine in which substantially 
equal amounts of the abrasive wheel are removed during 
successive dressing operations. 
Another object of this invention is the provision of a 

grinding machine in which the surface of the wheel after 
each dressing is of a standard quality both with regard to 
smoothness and to geometry. 
A further object of the present invention is the provi 

sion of a grinding machine in which it is possible to finish 
surfaces of revolution to a consistent quality of finish and 
geometry. 

It is another object of the instant invention to provide a 
grinding machine in which the abrasive wheel is dressed 
only when such a dressing operation is necessary, thus 
providing a saving in the number of wheels used for a 
given amount of work. 

It is a further object of the invention to provide an 
internal grinding machine in which the abrasive wheel is 
dressed only when it is necessary. 

It is a still further object of the present invention to 
provide an internal grinding machine in which feed com 
pensation and dressing operations will take place in a 
non-predetermined manner to make the most efficient 
use of the abrasive wheel. 
With these and other objects in view, as will be appar 

ent to those skilled in the art, the invention resides in the 
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combination of parts set forth in the specification and 
covered by the claims appended hereto. 
The character of the invention, however, may be best 

understood by reference to one of its structural forms as 
illustrated by the accompanying drawings in which: 
The single figure of the drawings is a somewhat sche 

matic view of a grinding machine embodying the prin 
ciples of the present invention. 

Referring to the single figure of drawings, it can be 
seen that the grinding machine, indicated generally by 
the reference numeral 10, comprises a workhead 11 Sup 
porting a workpiece 12 and a wheelhead 3 supporting 
and rotating an abrasive wheel 4. For the purposes of 
illustration, the workpiece 12 is shown as consisting of 
a bearing race of a ball bearing whose internal bore is 
to be finished. The wheel 4 is, therefore, dressed to a 
cylindrical surface and mounted on a spindle 15 extend 
ing from the wheelhead 13. The wheelhead is mounted on 
a wheelhead table 16 which, in turn, is mounted on an 
intermediate table 7 for movement thereof transversely 
of the wheel axis. For this purpose, the upper surface of 
the intermediate table 7 is provided with transverse ways 
18 on which the wheelhead table 6 is mounted. Further 
more, the intermediate table 17 is capable of transverse 
sliding motion over the surface of a base 19 on which the 
elements of the grinding machine are mounted and this 
motion is facilitated by transverse ways 2 mounted on 
the upper surface of the base 19. 
The workhead 11 is mounted on a workhead table 22 

which is capable of sliding motion over the upper surface 
of the base 9 in a direction extending longitudinally of 
the axis of the wheel 14, there being ways 23 mounted 
on the upper surface of the base to permit this motion. 
The workpiece 12 is mounted on suitable shoes forming 
part of the workhead 11 and the workpiece is rotated by 
a rotating platen 24 which is driven by a motor 25 mount 
ed on the workhead table 22. The motor is connected 
to the platen through pulleys and belts in the usual man 
ner. Located in the workhead is an in-process gage 26 
mounted on the end of an elongated spindle 27, which 
spindle is actuated by a hydraulic linear actuator 28 
mounted on the table 22. The motion of the table 22 and 
all of its accessory elements longitudinally of the axis of 
the wheel 14 is brought about by a hydraulic linear actua 
tor 29 mounted on the upper surface of the base 19 and 
having a connecting rod connected to the table 22. A dress 
ing element such as a diamond holder 31 is mounted on 
the table 22 in such a manner that the diamond lies be 
tween the workhead and the wheelhead and protrudes 
transversely to a position somewhat forward of the rear 
wardmost point on the periphery of the bore of the work 
piece 12. Mounted on the table 22 beside the spindle 27 
of the gage is a microswitch 32 whose actuating finger is 
in a position to be engaged by a disc 33 mounted on the 
spindle 27. 
Mounted on the upper surface of the base 19 forwardly 

of the wheelhead 13 is a hydraulic linear actuator 34 
having its piston rod connected to the forward edge of the 
wheelhead table 16 and capable of moving the wheelhead 
rearwardly to bring about contact of the abrasive wheel 
14 with the surface of the bore of the workpiece 12. Also 
mounted on the upper surface of the internediate table 
17 is a backoff stop 35 which, for the purposes of illustra 
tion, is shown as a threaded shaft extending through an 
abutment on the table and operated by an electric motor 
36 to produce incremental rotation and forward and 
rearward motion of the stop 35. The outboard side of 
the wheelhead table 16 is provided with a finger 37 and on 
the upper surface of the table 17 are mounted a first 
switch 38 and a second switch 39. The operating fingers 
of these two switches 38 and 39 are in line for engage 
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ment by the finger 37 on the table 16 as the wheelhead 
is moved transversely of the wheel axis. 
Mounted on the upper surface of the base 9 is a com 

pensation mechanism including a threaded, shaft 41 
mounted in Suitable bearings and abutments on the Sur 
face and engaging a nut 4.A on the underside of the 
intermediate table 17 so that, by its rotation, the shaft 
produces transverse motion of the intermediate table 17 
over the base 19. A pinion 42, which includes a ratchet 
mechanism, is mounted on the shaft and this pinion is 
operated by a rack 43 which is capable of to and fro 
movement under the operation of a hydraulic linear actu 
ator 44 whose operating fluid reaches it through conduits 
45 and 46 leading to a servo valve 47. 
The grinding machine, which has been described above, 

is basically similar in nature to the internal grinding ma 
chine described in the patent application of Frederick A. 
Hohler et al. Ser. No. 217,683, filed Aug. 17, 1962, now 
Patent No. 3, 197,921, dated Aug. 3, 1965; for the details 
of the construction of the machine, reference may be 
made to this patent application. 
The control elements are shown as connected to two 

power lines 48 and 49. The gage switch 32 is connected 
on one side to the line 48 and on the other side to the 
coil 51 of a relay 52. The other side of the coil 51 is 
connected directly to the power line 49. Forming part of 
the relay 52 is a normally-open contactor 53 connected 
on one side to the line 48 and on the other side through 
a normally-closed contactor 54 to one side of the motor 
36 forming part of the backoff stop 35. The other side 
of the armature of the motor is connected to the power 
line 49 through a coil 73 of a relay 72. One side of the 
first switch 38 is connected to the power line 48, while 
the other side is connected through the coil 55 of a relay 
56 which operates the normally-closed contactor 54. The 
other side of the coil 55 is connected directly to the line 
49. The hold-in circuit for the relay 56 is formed by a 
line 57 leading from the power line 48 to one side of a 
normally-open contactor 58, the other side of which is 
connected between the switch 38 and the coil 55. The 
second switch 39 is connected on one side to the line 48 
and on the other side through a coil 59 of a relay 61, the 
other side of the coil being connected directly to the line 
49. The common point shared by the switch 39 and the 
coil 59 is connected on one side to a normally-open con 
tactor 62 forming part of the relay 52 and having its 
other side connected to an actuating coil 63. This actuat 
ing coil operates on the plunger of the servo valve 47 
and, when energized, serves to introduce hydraulic fluid 
into the actuator 44. The other side of the coil 63 is con 
nected through a coil '64 to the line 49. The coil 64 oper 
ates on the plunger 65 of a counter 66, which counter 
Serves to register the number of times that the coil 64 
is energized and, after a predetermined number has been 
counted, to close a switch 67 mounted on its interior. The 
hold-in circuit for the coil 59 is formed by a normally 
open contactor 68, one side of which is connected to the 
line 48 and the other side of which is connected between 
the Switch 39 and the coil 59. The Switch 67 on the in 
terior of the counter 66 is connected on one side to the 
line 49 and on the other side through a dresser coil 69 
back to the line 48, the coil 69 serving to set in motion a 
dressing cycle in the well-known manner. Connected 
around the switch 67 is a normally-open contactor 71 
forming part of the relay 72. 
The operation of the invention will now be readily 

understood in view of the above description. First of 
all, most of the elements in the grinding machine operate 
in the conventional manner. The motor 25 operates to 
irotate the drive platen 24 which rotates the workpiece 12 
about the axis of the surface of revolution which is to 
be finished. In a similar manner, the wheelhead 13 
rotates the spindle 5 and the abrasive wheel 14 at high 
speed. All longitudinal motions between the wheel 14 
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actuator 29 sliding the table 22 over the ways 23. Fur 
thermore, all transverse motion between the wheel i4 
and the workpiece 12 takes place over the ways 8 and 
the ways 21. The main feed motion takes place in the 
cylinder 34 while a compensating motion takes place 
by means of the screw 41 operated by the actuator 44 
through the rack 43 and the pinion 42. Assuming that 
the wheel 14 is dressed and all elements are properly 
geometrically related to one another, the workhead 11 
is advanced in the direction of the wheel 14 by the 
actuator 29 until the wheel i4 lies within the bore in 
the workpiece. Then, the movement of the table 22 and 
the workhead 11 is stopped (with the exception of the 
usual reciprocation) and oil is introduced into the cylin 
der 34 advancing the wheel 14, against the back surface 
of the workpiece bore. The pressure of the oil in the 
actuator 34 is limited so that this, in effect, limits the 
amount of force or pressure brought by the rotating 
wheel 14 against the rotating surface of the workpiece 
12. Feeding in this manner is known as "controlled 
force' feeding in contrast to the so-called "feed rate' 
feeding in which the wheel is advanced at a predeter 
mined rate and the force varies. In the present case, the 
force is kept below a constant predetermined value and 
the rate of motion of the wheel into the workpiece 
varies with the amount of work encountered in grinding 
the Surface. While the grinding is taking place, the ac 
tuator 29 is producing a slight reciprocation of the 
table 22 and the workhead 11 along the ways 23 with 
the effect that the ends of the wheel 14 emerge from one 
side of the bore in the workpiece or the other. When the 
motion takes place so that the end of the bore adjacent 
the gage 26 is exposed, the gage 26 measures the bore. 
For instance, if it is a pluggage, as shown, it will try to 
enter the bore. If the bore is still too small, the plug will 
not be able to enter and conditions remain as before. 
The plug is advanced toward the bore by the actuator 
28. Eventually, the grinding will take place until the 
bore is exactly the right size in which case the gage 26 
will enter the bore. This will cause the disc 33 on the 
gage spindle 27 to engage the switch 32 and close it. 
This terminates the grinding operation, causes the actua 
tor 34 to reverse its motion and withdraw the wheel 14 
away from the surface of the workpiece. After the wheel 
has been withdrawn radially, the actuator 29 causes. 
the workhead 11 to move longitudinally away from the 
Wheel. As the workpiece is drawn axially away from the 
wheel, the diamond passes over the surface of the wheel, 
On occasion, and dresses it so that it is ready for the 
next cycle. It will be understood that the grinding cycle 
is oversimplified; in most cases there will be a rough 
grind followed by a finish grind. The forces introduced 
by the actuator 34 are different in the two cases. When 
the actuator 34 withdraws the wheelhead 13 forwardly. 
on the occasion of a dressing cycle, the table 16 on 
which the wheelhead is mounted is backed off until it 
Strikes the back-off stop 35. Then, longitudinal motion of 
the Workhead 11 will causes the diamond to remove a 
portion of the surface of the wheel 14. On occasion, due 
to Wear of the wheel, it will be necessary to advance 
the wheel toward the work surface and this is accom 
plished by the compensating mechanism of which the 
Screw shaft 41 is the principal element and the actuator 
44 is the instigator. 
Now, in setting up the machine, the first switch 38. 

is set up So that, when the wheelhead table 6 is against 
the backoff stop 35 and the wheel 14 is dressed by the 
diamond holder 31 in this position, the cycle will cause 
the bore to be exactly the right size at the time that the 
finger 37 strikes the switch 38. As a practical matter, this 
Switch is set so that the part would be ground slightly 
undersize in its diameter by approximately .001 inch if 
the cycle were terminated when the switch 38 is closed. 
Of course, in the cycle itself, the grinding will continue 

and the Workpiece 12 are brought about by use of the 75 for another .001 inch of diameter until the gage 26 enters 
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the bore and terminates the cycle. The second switch 39 
is located on the table 17 so that, when it is closed by 
the finger 37 the grinding has progressed about .001 inch 
further on the diameter. Theoretically, this is the time 
when the gage 26 should enter the bore. Now, due to 
the wear on the wheel, the gage 26 will enter the bore 
and terminate the cycle at various times relative to the 
closing of the switches 38 and 39 and the present ap 
paratus makes changes in the relationship of the parts 
in accordance with the time when this gage determines 
that the bore is exactly the right size. Now, if the gage 26 
enters the bore in the workpiece and closes the switch 32 
before the finger 37 on the table 16 reaches the first 
switch 38 on the table 17, this condition is an indication 
that the wheel surface is larger than is ideal. The back 
off stop 35 is moved forwardly to make the wheel smaller 
and, at the same time, a dress operation is called for. 
Electrically, the closing of the switch 32 causes the coil 
51 of the relay 52 to be energized, which closes the nor 
mally-open contactor 53. This completes the circuit from 
the power line 48 through the contactor 53, through the 
normally-closed contactor 54, through the incremental 
motor 36 (connected to the back-off stop 35) and through 
the coil 73 to the power line 49, so that an increment of 
back-off stop adjustment forward takes place. The ener 
gization of the relay 52 also causes the closing of the 
normally-open contactor 71 and causes current to pass 
through the coil 69 bringing about a dressing operation. 

If, when the gage 26 enters the bore and closes the 
switch 32, the finger 37 has already arrived at the Switch 
38, nothing happens. This is because the closure of the 
switch 38 causes the energization of the coil 55 of the 
relay 56. The first thing that this relay does is to close the 
normally-open contactor 58 which operates through the 
line 57 to hold in the relay. At the same time, it opens 
the normally-closed relay 54 which prevents the back-off 
stop from being adjusted. This also prevents the current 
from passing through the coil 73 of the relay 72, so that 
the contactor 7 is not closed and a dressing operation 
does not take place. 
Now, if the gage 26 enters the bore when the finger 37 

has arrived and closed the switch 39 (the switch 38 having 
been previously closed and re-opened by passage of the 
finger), then a different situation prevails. First of all, the 
closing of the switch 32 causes the energization of the 
relay 52 as before. Part of this relay includes the nor 
mally-open contactor 62 which is then closed. The closing 
of the switch 39 energizes the relay 61 and locks in that 
relay through the normally-open contactor 68. If the gage 
switch 32 later causes the closing of the normally-open 
contactor 62, then current passes through the coil 63 and 
operates the servo valve 47. This causes oil to flow to 
the actuator 44, which actuator operates through the 
rack 43 and the pinion 42 (as well as the ratchet mech 
anism) to rotate the screw shaft 4 and cause a com 
pensation motion of the wheelhead 13 toward the portion 
of the bore which is to be ground and toward the diamond 
holder 31. At the same time that the coil 63 is energized, 
so is the coil 64 which operates on the operating lever 65 
of the counter 66 which records the fact that a single com 
pensation action has taken place. A predetermined num 
ber of counts has been previously set in the counter 66 in 
the usual way and, when this number is reached, the 
switch 67 is closed, which causes current to pass through 
the coil 69 and produce a dressing operation. In all cases, 
after the grinding cycle has been completed, it is pre 
sumed that there are other contacts that cause various 
operations to take place, as is normal practice; among 
these is the opening of a normally-closed contactor 101 
whose opening serves to drop out any relays that have 
previously been locked up, with the exception of the 
internal circuits of such devices as the counter 66. 

In a general way, then, compensation through the 
screw shaft 41 takes place by a predetermined amount 
only when sufficient wear takes place so that the gage 26 
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enters the bore "late' by a certain amount, this amount 
being determined by the setting of the switches 38 and 39. 
Furthermore, a dressing operation takes place only after 
a certain number of compensation movements. Now, com 
pensation takes place only because the measuring appara 
tus indicates that more than a predetermined amount of 
wear has taken place on the wheel. If, then, at the same 
time dressing takes place, only after a certain number 
of compensation movements, this means that dressing 
takes place after a predetermined amount of wheel wear 
also. 

In the preferred embodiment, the two switches are set 
approximately .0005'' apart which represents .001' on 
the diameter of the workpiece. Furthermore, the incre 
ment of compensation introduced by the screw shaft 4. 
is approximately .0002 inch. It should be pointed out that 
the gage entering the bore in the workpiece early (that 
is to say, before the finger 37 contacts the first switch 38) 
is due usually to diamond wear or, perhaps, even a chip 
ping of the diamond. This means that the back-off stop 
35 is advanced toward the rear of the machine and this 
causes the wheel 14 to advance closer to the diamond 
when dressing takes place. 
Although the present invention is illustrated in con 

nection with a machine which uses the controlled force 
method of feeding, it will be understood that it can be 
used also with a feed rate type of feeding operation. 

It is obvious that minor changes may be made in the 
form and construction of the invention without depart 
ing from the material spirit thereof. It is not, however, 
desired to confine the invention to the exact form herein 
shown and described, but it is desired to include all such 
as properly come within the scope claimed. 
The invention having been thus described, what is 

claimed as new and desired to secure by Letters Patent is: 
1. An internal grinding machine, comprising 
(a) a base on which are mounted a workhead having 
a workpiece-holding means, a wheelhead having a 
rotatable abrasive wheel, and a dresser, 

(b) means bringing about relative movement trans 
versely of the wheel axis between the wheelhead and 
the workhead to produce grinding cycles on suc 
cessive workpieces, 

(c) means bringing about a compensating transverse 
movement on occasion, 

(d) means making a determination of the total amount 
of wheel wear which has taken place since the last 
compensating movement at the end of each grind 
ing cycle and causing a compensating transverse 
movement when the wheel wear exceeds a prede 
termined amount, and 

(e) means bringing about a dressing operation after 
a predetermined number of compensating move 
ments have taken place since the last dressing 
operation. 

2. An internal grinding machine as recited in claim 1, 
wherein means is provided to produce a fixed amount of 
transverse movement of the wheelhead towards the 
dresser when the wheel wear is less than another prede 
termined amount. 

3. An internal grinding machine, comprising 
(a) a base on which are mounted a wheelhead, work 

head, and dresser, 
(b) feed means for bringing about movement between 
the workhead and the wheelhead to produce grind 
ing cycles on successive workpieces, 

(c) an in-process gage terminating the operation of 
the feed means when each workpiece reaches final 
S1ze, 

(d) location means determining a precise relationship 
of the wheelhead relative to the workhead, 

(e) means determining the distance between a first 
point where the gage operates and a second point 
where the location means operates, 

(f) compensation means operative when the first 
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point is reached a distance greater than a prede 
termined distance after the second point is reached, 

(g) a counter registering the number of times that 
the compensation means is operative since the last 
dressing operation, and 

(h) means operative after a predetermined number 
has been reached to bring about a dressing operation. 

4. An internal grinding machine as recited in claim 3, 
wherein a back-off stop is provided to locate the relation 
ship of the wheelhead and workhead during the dressing 
operation, and wherein an incremental movement of the 
stop is made if the first point is reached before the second 
point. 

5. A grinding machine, comprising 
(a) a base, 
(b) a workhead having a workpiece-holding means 
mounted on the base, 

(c) a wheelhead having a rotatable abrasive wheel 
mounted on the base, 

(d) a dresser operative to dress the wheel on occasion, 
(e) means bringing about relative movement longi 

tudinally and transversely of the wheel axis between 
the wheelhead and the workhead to produce grind 
ing cycles on successive workpieces, 

(f) means making a determination of wheel wear, the 
said means consisting of apparatus measuring the 
dimensional relationship between a first locus at 
which finish size is reached and a second locus at 
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which a fixed point in the movement, between the 
wheelhead and the workpiece is reached, 

(g) an in-process gage for determination of workpiece 
finish size, and 

(h) means bringing about a dressing operation of the 
dresser on the wheel when the said determination 
reaches a predetermined amount. 

6. A grinding machine as recited in claim 5, wherein, 
when the first locus is reached before the second locus, 
the position at which dress takes place will be changed 
and wherein, when the first locus is reached after the 
Second locus and the dimensional relationship exceeds a 
predetermined amount, a compensation movement be 
tween the wheelhead and the diamond takes place. 

7. A grinding machine as recited in claim 6, wherein a 
counter registers the number of compensations that have 
taken place since the last dressing operation and, when a 
predetermined number of compensations have taken 
place, to bring about a dressing operation. 
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