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57) ABSTRACT 

A cylindrical grinding machine comprising means for 
supporting a workpiece for rotative displacement 
about the axis thereof, a grinding wheel assembly in 
cluding at least one grinding wheel and means for ro 
tatively displacing the grinding wheel about the axis 
thereof, a workrest including an upper workrest jaw 
and a lower workrest jaw, first means including a first 
stepping motor for incrementally advancing the grind 
ing wheel, second means including a second stepping 
motor for incrementally advancing the upper workrest 
jaw, third means including a third stepping motor for 
incrementally advancing the lower workrest jaw and 
means for conjointly supplying pulses to the first, sec 
ond and third stepping motors at predetermined rates 
when the upper workrest jaw, lower workrest jaw and 
grinding wheel are located at first predetermined posi 
tions a selected distance from the non-deflected axis 
of the rotating workpiece to advance the grinding 
wheel and upper and lower workrest jaws to advanced 
positions. 

7 Claims, 8 Drawing Figures 

  



PATENTED SEP 9975 3, 9 O4, 39 O. 
SHEET 1 OF 4 

6, 62 60 6O 

f64 NS SS-1 S 

E33.72 
22 

  



3, 9 O4, 39 O PATENTED SEP 91975 

ZIT 

See 

2-61-I 

  

  

  

  

  

  

  

  





PATENTED SEP 91975 3, 9 O4, 39 O 

SHEET 4 OF 4 

  



3,904,390 
1 

GRINDING MACHINE 

This application is a continuation-in-part application 
of my copending application entitled "Grinding Ma 
chine' Ser. No. 447,288, filed Mar. 1, 1974, now aban 
doned, in favor of the present application. 
The present invention relates to grinding machines 

and more particularly to cylindrical grinding machines. 
In cylindrical grinding machines a workpiece to be 

ground is supported between a pair of rotatable chuck 
jaws or between work centers. Thus, the axis of the 
workpiece is aligned with the machine axis defined by 
the chuck jaws or the work centers. A grinding wheel, 
supported in a wheelhead, is advanced towards the 
workpiece in a direction transverse to the machine axis 
to abrasively remove stock from the surface of the 
workpiece. 
One of the difficulties which occurs with a machine 

of this type is that where the workpiece is insufficiently 
rigidly supported or where the workpiece is of low ri 
gidity, the workpiece tends to bow or flex away from 
the machine axis during grinding. Any deflection of the 
workpiece axis away from the machine axis gives rise 
to errors in the finished workpiece dimensions. Such 
deflection also results in the uneven wearing of the 
grinding wheel which necessitates frequent grinding 
wheel dressing and this is time consuming and uneco 
nomical. 
One known solution of this problem is to provide a 

workrest to oppose the deflecting force of the grinding 
wheel whereby the workpiece axis will be maintained 
in the correct machining position. Since the workrest 
supports a part of the workpiece which is itself being 
ground away, it is necessary to adjust the position of the 
workrest during the grinding operation if the workpiece 
is to be maintained in a correct machining position. 
Conventionally, the workrests are spring loaded so that 
they will follow the workpiece as it is being ground to 
size but the degree to which the workrests are spring 
loaded must be selectively chosen to compensate for 
the deflecting force generated by the action of the 
grinding wheel abrasively removing metal from the 
workpiece. At best, this is an approximate solution. 

It is an object of the present invention to provide a 
cylindrical grinding machine including means for con 
tinuously substantially balancing the opposing forces 
generated by the grinding wheel and the workrests dur 
ing the grinding process. 
Among the advantages of the present invention is the 

provision of a cylindrical grinding machine wherein the 
amount of deflection arising from the advancement of 
the grinding wheel will not substantially vary with the 
rate of infeed. 
Other objects and advantages of the present inven 

tion will become apparent from the following portion 
of this specification and from the accompanying draw 
ings which illustrate in accordance with the mandate of 
the patent statutes a presently preferred embodiment 
incorporating the principles of the invention. 
Referring to the drawings: 
FIG. 1 is a side elevational view of a workrest for a 

grinding machine made in accordance with the teach 
ings of the present invention; 
FIG. 2 is a side elevational view partly in section of 

a portion of the workrest illustrated in FIG. 1; 
FIG. 3 is a sectional view taken on the line III-III of 

FIG. 2; 
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FIG. 4 is a sectional view taken on the line IV-IV of 

FIG. 2; 
FIG. 5 is an electronic diagram schematically illus 

trating the control circuit for the workrest and related 
wheel feed of the grinding machine; 

FIG. 6 is a diagrammatic representation of the rough 
grinding stage of a grinding cycle; 
FIG. 7 is a diagrammatic representation illustrating 

the advancement of the workrests at the end of the 
rough grinding stage; and - 
FIG. 8 is a diagrammatic representation illustrating 

the conjoint advancement of the workrests and grind 
ing wheel during the finish grinding stage. 
The workrest illustrated in the drawings includes a 

main body portion 10, which supports two stepping 
motors 12 and 14 at one end thereof. A pair of hanger 
brackets 16, 18 are mounted on the main body portion 
and extend beyond the other end of the main body por 
tion and pivotally support upper and lower workrest 

20 jaws 20, 22 via suitable shafts 24, 26. 
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The upper 20 and lower 22 workrest jaws each in 
clude a shoe 28, which is bolted to the body of the 
workrest jaws by a bolt 30 or the like. A pad 32 is se 
cured to each shoe 28 and serves to engage and support 
a workpiece W to be ground. Each shoe may include 
an indexing pin 33 to assure that the shoe will be prop 
erly located when it is bolted to the workrest jaws 20, 
22. 
The upper and lower workrest jaws are maintained in 

a fully retracted position against hardened buttons 38 
protruding from the main body portion 10 by spring el 
ements 36, which are secured to hooks 34 connected 
to the main body portion and the upper and lower 
workrest jaws. 

It can be seen from FIG. 2 that the drive shaft 40 of 
each stepping motor extends into the main body por 
tion 10. A nut 42 rotatably mounted in bearings 46, is 
keyed 44 to the drive shaft 40 for rotation therewith. 
A spindle 48 is threadedly received within the nut 42 
whereby rotation of the nut 42 causes linear displace 
ment of the spindle 48, and hence, button 38. The di 
rection of displacement depends upon the direction of 
rotation of the nut 42. The button 38 includes a 
threaded shank 50, which is screwed into a bore 51 in 
the spindle 48 at the right-hand side of the spindle as 
viewed in FIG. 2. 
A further part, 52, of each spindle 48 is splined as 

may be seen from both FIGS. 2 and 4. The splined part 
52 co-operates with the splined inner surface of the as 
sociated adjuster sleeve 54, which is selectively rotat 
able by an adjuster knob 56 carrying a worm 58 (FIG. 
4), which meshes with the worm wheel 59 cut on the 
external surface of the sleeve 54. 
Rotation of the knob 56 rotates the sleeve 54 through 

the worm 58 to rotate the spindle 48 while nut 42 re 
mains stationary. The spindle 48, and hence, the button 
38 can be individually, selectively axially displaced to 
any desired start position. 
FIG. 3 illustrates the mechanism for preventing the 

unintentional rotation of a sleeve 54 when the associ 
ated Stepping motor is utilized. This mechanism in 
cludes a pair of pads 60, which are normally biased by 
a compressed spring 62 into engagement with the 
sleeve 54 as is illustrated in FIG. 3. The degree of com 
pression of the spring 62, and hence, the extent of the 
frictional lock may be varied by tightening or loosening 
the bolt 64. In this position, the sleeve is frictionally 
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locked against rotation, but can be manually rotated by 
turning the knob 56. 
The control circuit is illustrated in FIG. 5. In opera 

tion, a workpiece W is loaded into the stocks 66 (FIG. 
1) for rotative displacement about the axis 68 thereof. 
The grinding wheel or wheelhead 70 (FIGS. 6, 7 and 8) 
is rapidly advanced from a fully retracted position W to 
a first forward position X (FIG. 6) by either hydraulic 
or pulsed control whereupon a signal is generated at 
input A of a wheelhead direction and control logic 
(WDC), which causes an output signal to be transmit 
ted along a line 72 to an input of an enable logic for 
permitting the commencement of the wheelhead feed 
sequence at a first grinding feed rate and also for set 
ting a first end point for the wheelhead. The feed rates 
and end points are programmed into the enable logic 
by means of binary coded decimal (BCD) switches. 
The first grinding feed rate is read in BCD form along 

a line 74 into an input of a digital rate generator 
(DRG), a second input of the DRG being connected to 
the output of a crystal controlled master oscillator 
which provides a high stability reference input fre 
quency to the DRG. The output, signal from the DRG 
is passed to an input C of the WDC in the form of a 
pulse train whose frequency is controlled by the BCD 
input data. These pulses cause a count pulse signal to 
be transmitted from the (WDC) to a control counter 
and a synchronised output in the form of a step pulse 
is also transmitted from an output G of the (WDC) to 
an acceleration and drive unit (ADU) for the wheel 
head stepping motor M. 
The step pulse output is also fed to gate circuits A1 

and A3 both of which are associated with a second 
ADU. for the workrest stepping motors (12, 14). 
The BCD date on the first end point i.e., the number 

of programmed counts in the first grinding feed is read 
into a digital magnitude comparator (DMC) along a 
line 76 from the enable logic, the latter number of 
counts being compared with the contents of the control 
counter. In addition, the control counter is employed 
in conjunction with a digital display to provide a visual 
indication of the wheelhead position during the feed 
sequence. 
When the DMC detects equality between the counts 

recorded on the counter and the programmed end 
point indicating that the diameter of the workpiece has 
been reduced from D to D2 a signal is generated from 
the output of the DMC to an input D of the WDC logic, 
which terminates the first feed and initiates the first 
dwell period (sparkout). 
The termination of the first dwell period produces a 

signal along line 78 to advance the workrest. This signal 
enables logic gate A2 to pass a “fixed advance rate' 
pulse train to the ADU associated with the workrest 
stepping motors. 
The workrest jaws 20, 22 will advance at this fixed 

rate until they contact the workpiece (FIG. 7) at which 
point a signal from a pressure sensitive transducer, 
mounted on the workrest jaw, will set a “memory of 
workrest on work' circuit. This in turn, will disable 
gate A2 and stop the workrest stepping motors. This 
initial contact pressure between the workpiece and the 
workrest jaws is extremely low, and therefore, no de 
flection of the workpiece is caused thereby. . 
Once the workrest jaws have been advanced to 

contact the workpiece as described, the second grind 

4. 
ing feed will commence at a rate determined in the 
same manner as the first feed. 
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Since logic gate A1 is now enabled, step pulses at the 
second grinding feed rate, are fed to both the wheel 
head ADU and the workrest ADU causing both to step 
at the same rate. . . . . . 

Both motors will continue to be synchronized (FIG. 
8) until an in-process gauge generates a size signal, in 
dicating that the diameter of the workpiece has been 
reduced to Da, to input B of the (WDC). Each radial 
increment of advance of the grinding wheel causes a 
conjoint radial increment of advance of the workrest 
jaw buttons whereby the desired axial location of the 
workpiece will be continuously maintained. The size 
signal to the WDC logic will initiate resetting of wheel 
head to a programmed total feed value at a fixed reset 
rate. 
Gate A3 is enabled to permit step pulses at the fixed 

reset rate to retract the workrest and the “memory of 
workrest on work' circuit will be reset at the start of 
the next grind cycle. : 

Resetting of wheelhead and workrest continues until 
the DMC detects equality between the total counts re 
corded in the control counter and the programmed 
total feed at which point the reset rate is stopped. 
The wheelhead and workrest are then in the reset po 

sition ready for the next grinding cycle. 
The paths of the workrest shoes are such that the 

forces applied by the grinding wheel on the workpiece 
are always opposed by equal and opposite forces ap 
plied by the shoes thereby maintaining the workpiece 
on a true axis, throughout the stock removal of the 
grinding process. 
The pulse feed advance during the third stage ceases 

in accordance with the control program which may or 
may not incorporate an in-process sizing gauge for sig 
naling when a predetermined size of the workpiece has 
been reached. The position of the workrest shoe rela 
tive to the true axis of the workpiece may be used to 
cause the cessation of the pulse feed advance. Any such 
“size signal' can then be used to reset, i.e., retract the 
wheel and the workrest shoe or shoes from the work 
piece to allow unload and loading of the workpiece. 
The “size signal' initiates a sequence in which the 

: grinding wheel is first removed from the workpiece, fol 
lowed by removal of the workrest shoe or shoes from 
the workpiece. This avoids any marking of the work 
piece which sometimes occurs if both workrest and 
wheel are simultaneously retracted. The signal to re 
tract the wheel and workrest shoe or shoes may also be 
used to reset the wheel and shoe or shoes by a pro 
grammed amount so as to be ready to recommence the 
grinding of a further new workpiece. 
As a result of the manner in which the grinding-cycle 

described above is performed, in particular, by having 
the workpiece at a resultant but not predetermined di 
ameter D, before the workrest shoes come into contact 
with the workpiece, and by having the finished work 
piece size accurately controlled by the automatic, in 
process, size control gauge, it is possible to automati 
cally account for all the normal variables associated 
with cylindrical grinding, for example wheel wear, ther 
mal effects on machine elements, condition of cutting 

65 tool and pad wear. It is to be understood that only one of the workrest 
shoes needs to be operated by a stepping motor, the 
other shoe or shoes being operated by, for example, a 
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rotary hydraulic cylinder. If only one shoe is operated 
by a stepping motor it is the shoe which exerts a force 
on the workpiece in a direction substantially opposite 
to the direction of feed movement of the grinding 
wheel. 

If desired, conjoint advancement of the workrest jaws 
and the grinding wheel may take place throughout the 
entire grinding cycle. 

in order to minimize cycle time, the workrest jaws 
can be manually advanced by rotating the control 
knobs 56 until the workrest pads 32 contact the work 
piece prior to a grinding operation. This will assure that 
resetting of the workrest will take place in an absolute 
minimum of time and will require a minimum expendi 
ture of energy. 
What is claimed is: 
1. A cylindrical grinding machine comprising 
means for supporting a workpiece for rotative dis 
placement about the axis thereof, 

a grinding wheel assembly including at least one 
grinding wheel and means for rotatively displacing 
said grinding wheel about the axis thereof, 

a workrest including 
an upper workrest jaw, and 
a lower workrest jaw, 

first means including a first stepping motor for incre 
mentally advancing said grinding wheel, 

second means including a second stepping motor for 
incrementally advancing said upper workrest jaw, 

third means including a third stepping motor for in 
crementally advancing said lower workrest jaw, 
and 

means for conjointly supplying pulses to said first, 
second and third stepping motors at predetermined 
rates when said upper workrest jaw, lower workrest 
jaw and grinding wheel are located at first positions 
a selected distance from the nondeflected axis of 
the rotating workpiece to incrementally advance 
said grinding wheel, and upper and lower workrest 
jaws to advanced positions a predetermined dis 
tance from the non-deflected axis of the rotating 
workpiece. 

2. A cylindrical grinder according to claim 1, further 
comprising means for supplying pulses to said first step 
ping motor to selectively incrementally advance said 
grinding wheel from a retracted position remote from 
the rotating workpiece to said first grinding wheel posi 
tion, 

said grinding wheel effecting stock removal as it is 
advanced to said first position. 

3. A cylindrical grinder according to claim 2, further 
comprising 
means for supplying pulses to said second and third 
stepping motors to advance said upper and lower 
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6 
workrest jaws from retracted positions and means 
for disabling said supplying means when said upper 
and lower workrest jaws have been advanced to 
said first positions. 

4. A cylindrical grinder according to claim3, wherein 
said disabling means includes pressure transducers 
mounted on said upper and lower workrest jaws. 

5. A cylindrical grinder according to claim 1, further 
comprising means for supplying pulses to said first, sec 
ond, and third stepping motors to retract said grinding 
wheel and upper and lower workrest jaws from said ad 
vanced positions, past said first positions to retracted 
positions. 

6. A cylindrical grinding machine comprising 
means for supporting a workpiece for rotative dis 
placement about the axis thereof, 

a grinding wheel assembly including at least one 
grinding wheel and means for rotatively displacing 
said grinding wheel about the axis thereof, 

a workrest including 
an upper workrest jaw including a workpiece en 
gaging shoe, and 

a lower workrest jaw including a workpiece engag 
ing shoe, 

first means including a first stepping motor for incre 
mentally advancing said grinding wheel, 

second means including a second stepping motor for 
incrementally advancing said upper workrest jaw, 

third means including a third stepping motor for in 
crementally advancing said lower workrest jaw, 

means for supplying pulses to said second and third 
stepping motors to advance said upper and lower 
workrest jaws from retracted positions and means 
for disabling said supplying means when said upper 
and lower workrest jaws have been advanced to 
first positions whereat the workpiece engaging sur 
face of said upper and lower shoes and said grind 
ing wheel are a selected distance from the non 
deflected axis of the rotating workpiece, and 

means for conjointly supplying pulses to said first, 
second and third stepping motors at predetermined 
rates to incrementally advance the workpiece en 
gaging surfaces of said grinding wheel, and upper 
and lower workrest shoes to advanced positions a 
predetermined distance from the non-deflected 
axis of the rotating workpiece. 

7. A cylindrical grinder according to claim 6, further 
comprising means for supplying pulses to said first step 
ping motor to selectively incrementally advance said 
grinding wheel from a retracted position remote from 
the grinding wheel to said first grinding wheel position, 

said grinding wheel effecting stock removal as it is 
advanced to said first position. 
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