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Patented Sept. 7, 1937 2,092,721 

UNITED STATES PATENT office 
AUTOMATIC GRINDING MACHINE 

Harry Arter, Worcester, Mass, assignor to Arter 
Grinding Machine Company, Worcester, Mass., 
a corporation of Massachusetts 

Application March 13, 1936, serial No. 68,635 
10 Claims. (CI. 51-95) 

This invention relates to automatic grinding read in connection with the accompanying draw 
machines and other machine tools. It will be ings, and the novel features will be particularly 
herein disclosed as embodied in a grinding ma- pointed out in the appended claims. 
chine of the general type shown and described in In the drawings, 

5 United States Letters Patent No. 1,736,967. Figure 1 is a vertical, sectional view, somewhat 5 
In machines of this general character, auto- diagrammatic in character, of an automatic 

matic mechanism is provided for producing rela- grinding machine organized in accordance with 
tive approaching and receding movements of the this invention; , 
work and grinding, wheel, or other tool, during Fig. 2 is a development of a typical cam used 

10 each cycle of operations of the machine. Usually in the construction shown in Fig. 1; a 0 
this operation is accomplished by means of a Fig. 3 is a diagrammatic view of said cam; . 
power driven cam and suitable connections Fig. 4 is a diagrammatic view of an hydraulic 
through which said cam is enabled to move the system showing the provision for self-replenish 
tool toward and from the work, it ordinarily being ment of the liquid column utilized for power 

15 more convenient to move the tool than the work. transmitting purposes which forms an important 15 
In a typical construction the operating mecha- feature of this invention; ... . . . . . 
nism is so organized and arranged as to produce Fig. 5 is a view similar to Fig. 4 illustrating 
a rapid approach of the tool to the working zone, another hydraulic system embodying features of 
then a relatively slow approach in the working the invention; 

20 zone which brings the tool in contact with the Fig. 6 is a diagrammatic view illustrating still 20, 
work and feeds it at a predetermined rate, next another modification; 
a dwell during which the tool finishes its opera- Figs. 7 and 8 are plan and development views, 
tion and sizes the work to the desired dimen- respectively, of a cam used in the system shown 
sions, and finally a quick receding movement of in Fig. 6; 

25 the tool. In prior machines it has been custom- Figs. 9 and 10 are corresponding views of 25 
ary to transmit mechanically the motion im- another cam; and : ' '...' . . .", 
parted by some power driven element, such as a Fig. 11 is a view similar. to Fig. I showing 
cam, to the tool head, and the matter of arrang- another modification. . . . . . . ... . . . . . . . 
ing and positioning the various elements of the Referring first to Fig. 1, the machine there 

30 transmitting mechanism relatively to the other shown comprises a frame on which is mounted 80 
parts of the machine frequently is extremely a bed piece 2 connected with the frame by a pivot 
troublesome and inconvenient and imposes unde- 2 about which the bed may be angularly ad 
sirable limitations upon the design. Further- justed relatively to the frame. A wheel head 3 
more, such a transmitting mechanism does not is mounted in guideways provided in the bed 2 

35 permit of any large degree of flexibility, either for sliding movement toward and from the work 35 
as to the location of the parts, or to the desirable supporting mechanism, indicated diagrammati 
modification of the movements transmitted to cally at 6. Adjustment of the wheel head and 
them or by them. In addition, these mechanisms the parts carried thereby relatively to the work 
are expensive to manufacture, and the degree of may be made through operation of the hand 

40 accuracy with which they will operate is affected wheel 7. The grinding wheel 5 is secured rigidly 40 
greatly by the nature of the design and conse- to a shaft 4 which is mounted on a quill 46, the 
quently, by those limitations which the design quill being supported for limited rotative move 
has been compelled to meet. ment about its own center O, while the shaft 4 

- The present invention deals especially with is eccentrically disposed with reference to said 
45 these considerations. It aims to devise a power center. The arrangement is such that rotation 45 

transmitting mechanism for use in such relation- of the quill in a counterclockwise direction will 
ships as those above described, which will have move the shaft 4 and the wheel 5 away from the 
the desirable features of convenient adaptability work while a rotative movement of the quill in 
to different designs, simplicity in construction, the opposite direction will have a reverse effect. 

50 flexibility, accuracy in operation, and economy in . It will be observed that the mounting of the 50 
construction costs. The invention involves both wheel, the wheel head and the bed are such that 
a new method and also a novel machine organiza- compensation for wear of the grinding wheel may 
tion. - easily be made through adjustment of the hand 
The nature of the invention will be readily wheel T. Suitable adjustments for the taper of 

56 understood from the following description when the work can also readily be produced, while the 55 
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2 
relative approaching and receding movements of 
the work and wheel produced through the move 
ment of the quill 46 are independent of, and un 
affected by, the adjustments just described. 

All of these parts may be constructed, arranged 
and operated in the manner disclosed in the 
patent above referred to, and reference may be 
made thereto for a more complete disclosure of 
the construction and operation of the various 
units of the machine, and more especially of a 
typical mechanism for operating the quill simi 
lar to that illustrated at 46. 
In the machine disclosed in the patent above 

referred to, the operation of the quill is pro 
duced solely by mechanical means. With a view 
to avoiding the limitations which the use of such 
a mechanism necessarily involves, the present in 
vention proposes to replace the mechanism for 
transmitting the movement of the power oper 
ated cam to the quill with a column of fluid SO 
arranged that the motion of the cam will be 
faithfully and accurately transmitted to the 
quill. 

It is recognized that in any fluid pressure sys 
ten leakage is unavoidable, and that the effect 
of leakage occurring in successive cycles of oper 
ation of a machine of the type here shown, would 
Seriously impair the accuracy of such operations. 
Accordingly, another important object of this 
invention is to compensate for such leakage at 
intervals so frequent that any cumulative effect 
will be avoided and the system will be main 
tained continuously in such condition that it will 
function faithfully and accurately. 

Referring again to Fig. 1, the cam shaft which 
controls the time relation of the functions of 
the machine is illustrated at 24. It carries a 
cam 25, the operating surface of which is di 
vided into four sections, as illustrated more 
clearly in Figs. 2 and 3, which control the move 
ments of the wheel toward and from the work 
and divide said movements into substantially the 
four periods above referred to. The slopes C-D 
of the can produce the quick movement of the 
wheel away from the work; the lobe D-A holds 
the wheel stationary but away from the work; 
the slope A-B permits the rapid approach of 
the wheel toward the work, and the section B-C 
permits a controlled approach of the wheel in 
the working zone, this section being functionally 
divided, as hereinafter described, into approach 
and dwell periods. The foregoing constitutes a 
complete cycle of the cam. 
As shown in Fig. 1, the can 25 operates a bell 

crank lever 26 which is connected through a link 
to the piston rod 27 of a piston 28 working in a 
cylinder 35 which is attached to the machine at 
any convenient point. Starting at the point C 
On the Cann, it first moves the lever in such a di 
rection as to tend to compress the liquid in the 
cylinder, and this motion is transmitted through 
the liquid column in the pipe 29, which connects 
the cylinder 35 with another cylinder 36 mounted 
within the wheel head. The movement of the 
piston 28 thus is transmitted to and produces a 
corresponding movement of the piston 30 in the 
latter cylinder. Projecting from the piston 30 
is a piston rod 3 bearing against an arm 32, so 
that the upward movement of the piston pro 
duces a counter-clockwise rotation of the quill 46 
and therefore moves the wheel 5 away from the 
Work. When the roll 26' on the upper end of the 
lever 26 rides up the slope C-D of the cam and 
on to the lobe D-A, the arm 32 will be raised 

9,099,781 
until it strikes the adjustable stop 34. The parts 
remain in this position until the cam 25 has 
revolved far enough to allow the roll to start 
down the slope A-B. At this time the spring 
33 acts through the arm 32 to rotate the quill 
in a clockwise direction, the rate of this rotation, 
however, being controlled continuously by the 
contour of the cam. This control is effective by 
virtue of the fact that a solid, substantially non 
compressible column of liquid continuously con 
nects the pistons 28 and 30. During this clock 
wise rotation of the quill, the grinding wheel 5 
is moved toward the work, this motion being 
rapid during the interval A-B and more grad 
ual as the roll follows the slope B. C. At some 
point in this slope the wheel comes in contact 
with the work, the grinding operation is begun, 
and it is completed during the dwell which oc 
curs after the projection 38 on the quill has 
come into contact with the stop 3T on the wheel 
head. The cycle then has been completed, and 
the parts are ready for a repetition of this cycle. 
A very important feature of this invention re 

sides in the adjustment whereby any desired por 
tion of the slope B-C of the can can be used 
to control the approaching and wheel feeding 
movement. That is, this movement can be termi 
nated at any point in the slope B-C, and the 
remainder of said slope can be utilized for the 
dwell period. Thus the slope B-C can be func 
tionally divided, as above indicated. This result 
is effected by the adjustment of the stop 34. The 
manner in which it is produced will be best un 
derstood by first describing the hydraulic system 

nected with the power transmitting column 
Referring more especially to Fig. 4, it will be 

seen that the hydraulic system there illustrated 
includes a pump 3 which may be driven as ill 
lustrated in Fig. 1, and which draws oil from 
the tank f4 and forces it through a pipe is in 
which a relatively low pressure is maintained 
by the automatic relief valve is through which 
a stream of oil is always flowing. This pressure 
nust be sufficient to move the pistons 28 and 
30, but unable to overcome the resistance of the 
Spring 33. Oil from the pipe 6 can pass through 
the check valve 2 into the transmitting column 
in the pipe 29 when the pressure in this column 
is lower than that in the pipe 6. 

It should also be observed that, assuming the 
stop 4 to be so adjusted that it just permits the 
complete transmission of the entire movement 
produced by the lobe C-D, any downward ad 
justment of the stop will result in preventing 
the full transmission of the movement of the 
piston 28 to the piston 30. In other words, the 
piston 30 will force the arm 32 against the stop 
3 at Some point in the slope C-D of the Can. 
The excessive pressure created in the hydraulic 
column by the continued movement of the pis 
ton 28 after the piston 30 has been stopped, 
will be relieved by the escape of oil through the 
automatic relief valve 22, this valve being set 
to hold a pressure considerably higher than the 
valve 9, but to relieve the pressure before any 
parts Would be unduly stressed. Under such con 
ditions, and upon the return movement of the 
quill produced by the spring 33, the rotation of 
the quill will be interrupted by the stops 37 and 
3 while the roll 26' is on some part of the slope 
B, C, the exact point on this slope being deter 
mined by the adjustment of the stop 34. A fur 
ther rotation of the cam after this point has 
been reached would, if other conditions permit 
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to zero, and during the rest of this rotation, until 
the roll starts up the slope C-D, the pistons 28, 
and 30 would be left in a free or floating condi 

2,092,721 
ted, reduce the hydraulic pressure in the pipe 29 

tion, there being no tendency to move them in 
either direction. .'; '' . . . . . 

Thus any desired portion of the slope B-C of . 
the cam can be utilized in controlling the ap-. 
proach of the wheel to the work and its feeding. 
movement at a predetermined speed after the 
grinding operation has been initiated. 
The interval of abnormally low pressure, just. 

described is utilized to introduce new fluid into 
the system to replace any loss that has occurred 
during the cycle due to the escape of liquid 
through the pressure relief valve 22 because of 
excessive pressures created. As above stated, oil 

20 

25 

30 

40 

under low pressure is maintained continuously 
flowing through the pipe 6. Consequently, as 
soon as the hydrostatic pressure in the pipe 29 

: falls below that in the pipe f6, oil will flow auto 
matically through the check valve 2 ft. into the 
pipe 29, this flow continuing until the pipe is 
completely filled, the piston 30 has been forced 
outwardly as far as it is permitted to go by the 
arm 32, and the piston 28 has been moved cut 
wardly as far as the cam 25 will permit. ... r 
As above pointed out, leakage is an unavoidable 

factor in a mechanism of this type, and while the 
amount of liquid lost in each cycle is very small, 
if this loss is allowed to accumulate it will intro 
duce serious errors in subsequent cycles, and 
eventually will make the transmitting mechanism 
inoperative. However, the arrangement above 
described for replenishing the loss of liquid which 
escapes through the pressure relief valve, also 
operates automatically to replace any liquid lost 
by leakage. In other words, the power transmit 
ting portion of the system is automatically filled 
with oil at the end of each cycle and before 
the next cycle is commenced, so that there can 
be no accumulation of lost motion due to leakage 
from any cause. . . . . . . . . . . . 
Such an hydraulic system as that shown may 

also be used in connection with the hydraulic 
operation of other elements of the system, and it 
is contemplated that the invention may be ap 
plied to machines equipped with a hydraulic sys 

60 

tem used to perform other functions. Such an 
embodiment of the invention is illustrated dia 
grammatically in Fig. 5. Here the supply tank 
4, pump 13, and pipe 6 are arranged as above 

described, but the pipe f6 is connected to a valve 
40, located in a valve casing 4f, and the valve 
is operated by a cam 39, mounted on the cam 
shaft 24, which also carries the cam 25 previously 
referred to. The valve mechanism 40-4f and its 
operating cam constitute a control mechanism 
for operating a piston 44 which may be made 
to move any load, indicated diagrammatically at 
45. The pressure relief valve IT maintains the 
pressure in the supply pipe 6 necessary for op 
erating the piston 44. . . . 

In this arrangement the oil exhausted from the 
cylinder in which the piston 44 works and from 
the valve cylinder 4 is returned through pipes 
18a and 8b, and a branch pipe f8c runs from 
the pipe 8a to the check valve 2, thus conduct 
ing oil to the pipe 29 which connects the cylin 
ders 35 and 36 of the construction shown in Figs. 
1 and 4. A pressure relief valve 22 also is con 
nected into this system to function as in the ar 
rangement previously described. In order to 
maintain in this system a pressure sufficient to 

75 move the pistons 28 and 30, as previously de 

3 
scribed, While still limiting this pressure to the 
requirements of the spring. 33, a pressure relief 
valve 9 is connected to the discharge end of the 
pipe 8a and is itself-connected through the pipe 
20 with the tank 4. This valve is so adjusted . 
that it maintains the desired pressure on the 
system 8a, 8b, 18c and 29, such pressure being 
predetermined and varied to suit, the require 
ments of individual cases by adjustment of the 
valve 9. Thus this hydraulic system can be made 
to serve several purposes. The system illustrated 
diagrammatically in Fig. 5 is shown also in Fig. 1, 
only those parts of the system necessary to an 
understanding of the operation of Fig. 1 being, 

5 illustrated, however, in the latter, figure. ... 
Instead of using the power stroke of the piston 

28 to move the wheel 5 outwardly, as in the con 
structions above described, and utilizing a spring 
to produce the inward movement of the wheel, 
these operations may be reversed. In some sit 
luations such a reversal is desirable in order to 
avoid alterations of the feeding movement which 
might be necessary if the arm 32 of the quill 46. 
remained against the stop 34 for an excessively 
long time. It is also contemplated that if a large. 

...) 

20 

25 

retraction of the wheel is desired, or when other 
Special conditions make it advantageous, the pis 
ton 28 may be replaced by a plurality of pistons, 
one of which will operate to produce the slow, 
motion of the wheel, and another to effect, its 
quick retracting movement. Such a construction 
is illustrated in Fig. 6. Here the spring 33ro 
tates the quill 46.inra direction to move the grind 
ing wheel away from the work, this movement be-, 
ing limited by the stop 34, while the piston 30. 

30 

produces the opposite rotation of the quill. Also, 
the piston 28 has been replaced by two pistons, 
designated at 49 and 50, respectively, both con 
nected with the piston 30 through the pipe 29, 
and cams 47 and 48 secured to the camshaft 24 are provided to operate the respective pistons 
49, and 50. In other respects the construction 
shown in Fig. 6 is essentially like that illustrated 
in Fig. 5. The cam 47, Figs. 6, 7, and 8, controls 
the quick retracting, movement of the wheel, 
while the cam 48, Figs, 6, 9, and 10, controls the 
slow motion of the wheel. In this arrangement 
the piston which produces the outward movement 
may conveniently be of large diameter, thus per 
mitting a cam of small rise to produce a relatively 
large retracting movement of the wheel, while 
that which controls the slow, motion can be of 
Smaller diameter so that long slow motion sur 
faces of the cam may be utilized, and thus the 
effect of slight inaccuracies in the surface of the 
cam will be minimized. is . . . . 
In order to cushion the shock, which other 

wise would be caused by the sudden stopping 
of the piston 44, Fig. 6, at each end of its stroke, 
the two pipes 42 and 43, which conduct liquid 
to and from the cylinder in which this piston 

40 

60 

works, may be connected closely adjacent to the 
cylinder by pipes 6 and 62, respectively, and 
pressure relief valves may be connected in to 
these two pipes so that the flow permitted through 
one pipe will be opposite to that through the . 
Other. 
pressures slightly: higher than the operating 
pressures in the pipes. 42 and 43. The valve 40 
customarily is timed to close either port which 
momentarily serves as the exhaust, an instant 
before the piston reaches the end of its stroke, 
and the high pressure... set up by the momentum 
of the piston and the parts moving with it thus 
is exerted on the oil trapped in the pipe which, 

These valves should be set to open at 

75 
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4. 
immediately prior to this instant, has been con 
ducting the exhaust oil. With the arrange 
ment shown, the high pressure so created can 
be relieved through one or the other of the pipes 

and 62 by the opening of its pressure relief 
valve, but the valve can be adjusted so that 
it will give the desired cushioning action to the 
piston and bring it to a stop before it reaches 
the end of its stroke. 

It will be observed that the motions of the Can 
25 which are transmitted to the quill 46 can be 
modified by making suitable changes in the ra 
tio of the arms of the lever 26, or in the ratio 
of the areas of the pistons 28 and 30. 
In addition, the lever 26 may be made ad 

justable to increase or decrease the basic no 
tion of the cam 25 which is utilized in operating 
the parts driven therefrom. Such an arrange 
ment is illustrated in Fig.11 in which the general 
machine organization shown is essentially like 
that illustrated in Fig. 1, but the cam shaft 24 
and can 25 have been moved into a different lo 
cation. Also the cylinder 35, in which the piston 
28 works, is located horizontally. Instead of the 
lever 26, a compound lever mechanism is ulti 
lized to transmit motion from the cam 25 to 
the piston. This mechanism comprises a lever 
52 having a roll 53 mounted in its free end and 
running on the surface of the can 25. Another 
lever 54, extending in a generally parallel rela 
tionship to the lever 52, bears against the end 
of the piston rod. The movement of the lever 52 
is transmitted to the lever 54 by means of a 
roll 55, mounted in a block or holder 56, which 
slides in a dove-tail guideway formed in the le 
ver 52. Bolts 57, extending through a long slot 
in the lever 52, are threaded into the block 56 
and serve to hold it in any position of adjust 
ment. 
It will be clear from an inspection of Fig. 11 

that adjustment of the block 56 downwardly to 
ward the cam will increase the movement.in 
parted to the piston 28 by a given throw of the 
can, while adjustment of the block 56 upwardly 
will decrease said movement. Thus the basic 
motion of the can 25 can be increased or de 
creased through appropriate adjustments of this 
compound lever mechanism. 

Initial adjustment of the entire wheel head 
may be made manually toward and from the 
work by means of the hand wheel 7. Since this 
adjustment involves a movement of translation 
of the cylinder 36 relatively to the frame , some 
provision for it must be made in the pipe or 
hydraulic transmitting column, 29. This may 
consist in introducing a flexible section 60, Fig. 
11, in the pipe 29. Or, swivel jointed rigid sec 
tions of pipe may be included in these connec 
tions between the cylinders 35 and 36 to accom 
plish the same object. In either event the sec 
tions should not be of variable volume. 
The invention thus provides a fluid actuated 

transmitting mechanism for use in automatic 
grinding machines and other machine tools which 
is relatively simple in construction, can be man 
ufactured economically, is readily adaptable to 
a great variety of designs, while avoiding the 
complications and limitations which necessarily 
are involved in producing the same Operations 
mechanically, and which, in addition, is flexible 
in operation and extremely accurate. 
While in the machine above described the re 

ciprocating movement of the wheel 5 toward 
and from the work occurs in the arc of a circle 
around the center of the quill, it is obvious that 

2,092,721 
the invention is equally applicable to the produc 
tion of a straight line reciprocating movement 
of the wheel, or of any suitable movement of the 
wheel head to carry the wheel toward and froin 
the work. Likewise, this mechanism is useful in 
producing an axial reciprocating movement of 
the wheel as for example, in grinding to a shoul 
der, - 

While I have herein shown and described typ 
ical embodiments of my invention, it will be 
understood that the invention may be embodied 
in a great variety of forms without departing 
from the spirit or scope thereof. For example, 
while I have shown pistons working in cylin 
ders to produce the hydraulic transmission of 
the movements desired, it is obvious that these 
devices could be replaced by bellows, diaphragms, 
Vanes, or the like, where desirable, the latter ele 
ments being equivalents of the former. 
Having thus described my invention, what I 

desire to claim as new is: 
1. In a grinding machine, the combination of a 

grinding wheel, means Supporting Said wheel for 
reciprocating movement toward and from the 
work, a power driven cam, a piston operated by 
said cam, a Second piston, cylinders for said 
pistons, means confining a column of liquid con 
necting said cylinders and operative to hydrau 
lically transmit motion from one of said pistons 
to the other, means connecting said second piston 
with said wheel to cause the latter piston to move 
the wheel relatively to the work, liquid supply 
ing means connected with Said column and in 
cluding a pump and a liquid supply line leading 
from Said pump to said column, a check valve in 
Said line permitting liquid to flow into the column, 
and means for automatically maintaining pres 
Sure in Said Supply line sufficient for operating 
purposes. 

2. In a grinding machine, the combination of a 
grinding wheel, means supporting said wheel for 
reciprocating movement toward and from the 
work, a power driven cam, a piston operated by 
Said cam, a Second piston, cylinders for said 
pistons, means confining a column of liquid con 
necting said cylinders and operative to hydrau 
lically transmit motion from One of said pistons 
to the other, means connecting said second piston 
with Said wheel to cause the latter piston. to move 
the wheel in one direction relatively to the work, 
a Spring Connected with Said wheel to move it 
in the opposite direction when permitted to do so 
by Said Second piston and its connections with 
Said cam, liquid Supplying means connected with 
said column and including a pump and a liquid 
supply line leading from said pump to said 
column, a check valve in said line permitting 
liquid to flow into the column, and means for auto 
matically maintaining pressure in said supply 
line Sufficient for operating purposes and of such 
a value that said Spring can return said second 
piston against Said pressure but only as said can 
permits such return. - - - 

3. In a grinding machine, the combination of a 
grinding wheel, means Supporting said wheel for 
reciprocating movement toward and from the 
work, a power driven cam, a piston operated by 
said can, a second piston, cylinders for said 
pistons, means confining a column of liquid con 
necting said cylinders and operative to hydrau 
lically transmit motion from one of said pistons 
to the other, means connecting said second piston 
with said wheel to cause the latter piston to move 
the wheel in one direction relatively to the Work, 
a spring connected with said wheel to move it in 
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the opposite direction when permitted to do so by 
said second piston and its connections with said 
cam, liquid supplying means connected with said 

: column and including a pump and a liquid supply 
5 line leading from said pump to said column, 
means for limiting the pressure maintained in 
said supply line to a substantially predetermined 
value, a check valve in said line permitting liquid 
to flow into the column, and a pressure relief 
valve connected with said column and limiting the 
pressure created therein. . . . . cer, 

4. In a grinding machine, the combination of a 
machine frame, a bed mounted on said frame, a 
pivotal connection between said bed and said 
frame whereby the bed may be adjusted angularly 
about said connection relatively to the frame, a 
grinding wheel mounted on said bed for reciproca 
tion toward and from the work, a power driven 
cam, a piston operated by said cam, a second 

3, 20 piston, cylinders for said pistons, means connect 
sing said second piston with said, wheel to cause 
the latter piston to move the wheel, and means 
confining a column of liquid extending through 
said pivotal connection and connecting said cyl 

25 inders for hydraulically transmitting motion 
from said first piston to said second piston. 

5. In a grinding machine, the combination with 
a grinding wheel, a shaft supporting said wheel, 
a rotary quill in which said shaft is mounted 

30 eccentrically, an arm rigid with said quill and 
extending laterally therefrom, a power driven 
cam, a piston operated by said cam, a second 

. . . piston, cylinders for said pistons, means con 
fining a column of liquid connecting said cyl 

35 inders and operative to transmit the motion of 
said first piston to said second piston, and means 
connecting said second piston with said arm to 
cause the movement of the latter piston to rock 
said quill in one direction. . . . . . 
a grinding wheel, a shaft supporting said wheel, a 

... rotary quili in which said shaft is mounted eccen 
trically, an arm rigid with said quill and extend-: 
ing laterally therefrom, a power driven cam, a pis 
ton operated by said cam, a second piston, cylin 
ders for said pistons, means confining a column 
of liquid connecting said cylinders, and operative 
to transmit the motion of said first piston to said: 
second piston, means connecting said second pis 
ton with said arm to cause the movement of the 

45 

50 
latter piston to rock said, quill, and means for 
automatically maintaining the same basic volume: 
of liquid in said hydraulic transmission column 
during the movement of said wheelby said second 
piston in successive cycles of operation of the 
machine. . . . . . . . . . . . . . . . . . . . . . . . . . 
7. In a grinding machine, the combination with 
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6, in a grinding machine, the combination with 

a grinding wheel, a shaft supporting said wheel, a 
rotary quill in which said shaft is mounted ec 
centrically, an arm rigid with said quill and ex 
tending laterally therefrom, a power driven cam, 
a piston operated by said cam, a second piston, 
cylinders for said pistons, means, confining a 
column of liquid connecting said cylinders and 
operative to transmit the motion of said first pis 
ton to said second piston, means connecting said 
second piston with Said arm to cause the move 

: ment of the latter piston to rock said quill in one 
direction, a stop for limiting the movement so 
transmitted to said arm, a Spring connected. With 
said arm to move it in the opposite direction, and 
a second stop for limiting the movement of the 
arm produced by said spring, one of said stops 
being adjustable. 

O 

15 

8. A grinding machine according to preceding 
claim 7, including a liquid supplying means com 
prising a pump and a supply line leading from 
said pump to said column, a check valve in said 
supply line permitting the free flow of fluid there 
from into said column, a pressure relief valve 
connected with said column, and means cooper 
atting with said pump to maintain a minimum 
operating pressure in said column and for limiting 
said pressure to a value below that applied to 

20 
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the system by the action of said spring on said 
second piston. 

9. A grinding machine according to preceding 
claim 3, including a second hydraulically actuated 
unit to which liquid is supplied by said pump, 
power driven means positively connected with 
said shaft for controlling the operation of said 
second unit, and means for maintaining the nor 
mal operating liquid pressure for said Second unit 

3. 
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at a different value from that in said hydraulic 
transmitting column. . . . . . . . . . . 

10. In a grinding machine, the combination of 
a grinding wheel, means supporting said wheel for 
reciprocating movement toward and from the 
work, two power driven cams, independent pis 
tons operated by said respective cams, a third 
piston, cylinders for said pistons, means confining 
a column of liquid connecting the cylinders for 
the first two pistons with that for said third 

: piston to hydraulically transmit motion from the 
first two pistons to the third piston, means con 
necting said third piston with said wheel to move 
the wheel relatively to the work, and means for 
automatically maintaining the same basic volume 

I of liquid in said hydraulic transmission column 
during the movement of said wheel by said third 
piston in successive cycles of operation of the 
machine. ..." 

HARRY ARTER, 
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