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This invention relates to grinding machines of 
the automatic type. 
In machines of this character mechanism is 

provided for producing automatically a relative 
approaching and receding movement of the 
grinding wheel and the work. Usually this is 
accomplished by a power driven cam operated 
through suitable connections with the grinding 
wheel support or the work support. In most ma 
chine organizations it is more convenient to move 
the grinding wheel, and in a typical construction 
provision is made for producing a relatively quick 
receding movement of the wheel and a slow ap 
proaching movement followed by a dwell during 
Which the wheel 'grinds out' the work or reduces 
it to the desired dimension. In handling SOne 
kinds of work it is desirable to make the rate of 
approach of the wheel considerably slower than 
in other cases. For Some purposes, also, a shorter 
approaching movement and a longer dwell or 
grinding out period is desirable than in others. 
These requirements have necessitated the use of 
different cams in order properly to control the 
relative movements of the wheel and work. 
The present invention deals with these require 

ments, and it aims to devise an Organization in 
which a single cam can be used to satisfy a great 
variety of these conditions so that the necessity 
for changing cams and for using cams of different 
designs will be avoided, or at least greatly reduced. 
In grinding some kinds of work, as for example: 

shouldered pins or bushings, it is desirable not 

40 

G 

5 

only to produce the relative approaching and re 
ceding movement of the work and Wheel, as just 
described, but also to produce a relative traversing 
movement of these parts axially of the Work and 
to control the traverse accurately, at least at that 
end of the movement at which the shoulder is 
ground. To provide a mechanism for performing 
this operation quickly, accurately and automati 
cally constitutes a further object of the inven 
tion. 
The nature of the invention will be readily 

understood from the following description when 
read in connection with the accompanying draw 
ings, and the novel features will be particularly 
pointed out in the appended claims. 
In the drawings, 
Figure 1 is an end view, partly in section, of 

parts of an automatic grinding machine embody 
ing features of this invention; 

Figure 2 is a vertical sectional view through 
a portion of the machine shown in Fig. 1; 

Figs, 3 and 4 are development and diagrams 

(C. 51-50) 
matic views, respectively, of one of the cams 
shown in Fig. 2; 

Fig. 5 is a vertical sectional view Substantially 
on the line 5-5, Fig. 6; 

Fig. 6 is a vertical sectional view approximately 
on the line 6-6, Fig. 5; 

Fig. 7 is a plan view, partly in section, showing 
more particularly the lever mechanism illustrated 
in Fig. 5; 

Fig. 8 is a view, partly in side elevation and 
partly in vertical section, illustrating a mecha 
nism embodying features of this invention for giv 
ing the grinding wheel an axial traversing move 
ment; 

Fig. 9 is a side elevation on a larger Scale of 
certain of the parts shown in Fig. 8; 

Fig. 10 is an end view of the mechanism shown 
in Fig. 9; and 

Figs. 11 and 12 are Sectional and end WieWS, 
respectively, of a mechanism which may be Sub 
stituted for certain of the parts shown in Figs. 8 
and 9. 
For convenience the invention has been ShoWn 

in the drawings as applied to the grinding ma 
chine shown in United States Letters Patent No. 
1,736,967, although it will be evident that the in 
vention is equally useful in other grinding mas 
Chines. 
Referring first to Figs. 1 and 2 the machine 

there shown comprises a frame on which is 
mounted a horizontal bed 2 arranged to be ad 
justed angularly about the pivot bushing 5. 
The bed is provided with guideways in which a 
support or head 3 is slidably mounted, said sup 
port carrying a wheel spindle 4 on which the 
grinding wheel 5 is Secured. This machine is 
designed especially to grind pieces of Work haW 
ing cylindrical or tapered Surfaces, and the Work 
is Supported in Spindles mounted in a head stock 
6 and tail stock 7, Figs. 2 and 1, respectively. All 
of these parts may be constructed, arranged and 
operated in the manner disclosed in said Patent 
No. 1,736,967, and reference should be made 
thereto for a more complete disclosure of the 
organization and operation of the machine. 
The slidable mounting of the wheel support or 

wheel head 3 permits the wheel to be moved to 
Ward and from the Work, and such movement of 
the wheel toward the Work is produced by a 
Spring , Figs. 1 and 2, under control of a cam. 
The relative receding movement of the work and 
wheel is produced by a power driven mechanism 
which includes a cam 9 mounted on the cam 
shaft 8 corresponding to the shaft 49 of the ma 
chine above referred to. A roll runs on the 
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periphery of the cam 9 and is carried by a lever 
2 which is fulcrumed on the machine frame at 
f3. Bearing on the upper side of this lever is a 
pin or plunger 4 extending through the bush 
ing 5, previously referred to, and abutting at its 
upper end against one arm of a bell crank lever 
6 Which is fulcrumed on the bed 2 at . An 

other arm of this lever bears against a horizontal 
pin or plunger 8 which, in turn, abuts against 
the end of a horizontal rod 9 threaded through 
the hub of a gear 20 mounted to revolve in a cas 
ing which is secured rigidly to the wheel head 3 
and to all intents and purposes forms a part of it. 
At its Outer or right-hand end, Fig. 2, the rod. 9 
bears against a collar 2 which is backed up by 
the Spring (), the opposite end of the spring abut 
ting against a bracket 22 rigid with the bed 2. 

It will be clear from an inspection of Fig. 2 
that as the Cam 3 rotates and Swings the lever 
2 up and down on its fulcrum 3, the upward 
movement of this lever Will be transmitted 
through the pin 4, bell crank lever 6, plunger 
f8 and rod S to the wheel head or wheel Sup 
port 3, thus moving the grinding wheel 5 away 
from the work. As the lever 2 drops the spring 

Will force the grinding wheel in the opposite 
direction or toward the work, but this move 
ment Will be controlled by the cam 9 and also 
Will be limited by the engagement of the left 
hand end, Fig. 2, of the rod 9 with the station 
ary stop or part 23 through which the pin 8 
slides, this stop 23 being rigidly secured to the 
bed 2. 
The extent to which the grinding wheel 5 is 

caused to approach the axis on which the work 
revolves may be adjusted by revolving the gear 
20 in the proper direction to move the wheel Sup 
port 3 toward the right or left, Fig. 2. In order 
to facilitate this adjustment the gear 20 is con 
nected through an intermediate gear 24 with 
another gear 25 fast on the shaft 26 which runs 
to the front of the machine, these gears 20, 24 and 
25 corresponding to the gears 87, 88 and 90 
of the machine shown in Patent No. 1,736,967, 
and the shaft 26 corresponding to the shaft 9 
of said patent and being equipped with indicat 
ing mechanism similar to that shown in the 
patent. 

Referring to Figs, 3 and 4 it will be seen that 
the cam 9 there shown includes a rise a, a rela 
tively long incline b, and a dwell c. The rise 
produces a relatively abrupt movement of the 
wheel 5 away from the Work and holds the wheel 
in a backward position for a relatively short 
period of time during which the finished piece of 
work is removed and another piece Substituted 
for it. The incline b permits a gradual approach 
ing movement of the Wheel 5 toward the work, 
the Wheel coming in contact with the Work and 
commencing the grinding Operation at SOme time 
during this approaching movement, and the dwell 
c preventing further approaching movement of 
the wheel while the 'grinding out' operation 
takes place. Almost always the adjustment of 
the rod 9 is such that it strikes the stop 23 be 
fore the roll engages the dwell portion c of 
the can so that a longer period of dwell than 
that provided for by the design of the cann is 
obtained, since the engagement of the rod 9 
with the stop 23 positively prevents the wheel 5 
from moving further toward the work. 
The foregoing mechanism per se is not of our 

invention. As above indicated, it frequently is 
necessary to change cams in order to control the 
movements of the grinding Wheel in the manner 

2,028,642 
r 

desired to suit the requirements of individual 
jobs. In Figs, 5, 6 and 7 We have illustrated a 
mechanism which obviates this difficulty. This 
mechanism uses many of the parts of the con 
struction shown in Figs. 1 and 2, and such parts 
are designated by the numerals used in the lat 
ter figures. It includes a lever 27 fulcrumed at 
27' on a part 37 of the machine frame and car 
rying a roll f to run on the periphery of the 
cam 9. Adjustably mounted on the upper edge 
of the lever 27 is a slide 28 carrying a roll 29. 
A screw threaded shaft 30 extends through the 
slide 28 and engages corresponding threads 
thereon and is provided at its right-hand end, 
Fig. 5, with a hand wheel 3, this shaft being sup 
ported at the latter end in a bearing 32 which 
is formed in or Supported by the lever 27. Rest 
ing on the roll 29 is a second lever 33, fulcrumed 
at 34 on the frame piece 37, and provided on its 
upper side with an inclined guideway 35, Figs. 
5 and 6, in which a wedge 36 is mounted. The 
pin or plunger 4 rests on the upper horizontal 
Surface of the Wedge 36 so that the motion of 
the lever 2 produced by the cam 9 is transmitted 
through the slide 28, roll 29, lever 33, and wedge 
36 to the pin 4. 
in order to adjust the wedge in its inclined 

guideway, a horizontal rod 38 is connected to the 
Wedge by a pin 39 and is extended slidably 
through a hole in the right-hand end, Fig. 5, of 
the lever 33. The right-hand end portion of the 
rod is screw threaded to receive nuts 4-40 by 
means of which the rod and the wedge may be 
adjusted longitudinally and locked in any posi 
tion of adjustment. 

It Will be clear from an inspection of Fig. 5 
that when the axis of the roll 29 is in aline 
ment With that of the pin a this mechanism will 
Control the movement of the wheel 5 in the man 
ner above described in connection with the mech 
anism. ShoWn in Fig. 2. If, however, the slide 
28 is adjusted to move the point of contact of 
the roll 29 with the lever 33 either toward the 
right or left, the movement transmitted from 
the cam 9 to the grinding wheel will be changed 
Very materially. Such an adjustment changes 
the length of the arm of the lever 33 through 
which the cam 9 acts, and correspondingly 
changes the throw of this arm. The effect is 
to multiply the movement of the lever produced 5 
by the can by a figure depending upon the de 
gree of the adjustment, and the movement of 
the grinding Wheel is correspondingly changed. 
It Will be observed that the two fulcra. 2' and 
34 are located at opposite sides of the load point 
and that adjustment of the slide 28 may be 
such as to make the lever 33 operate either as a 
lever of the second or the third class, as desired. 
Since the movement of the lever 33 is trans 

mitted through the Wedge 36, the plunger 4, 
and bell crank lever 6 to the wheel support or 
wheel head, an adjustment of the wedge 36 Will 
result in moving the Wheel head toward or from 
the Work, and Will correspondingly change the 
position of the Outer limit of the movement 
transmitted to Said head. Such an adjustment, 
however, still leaves the inner limit of movement 
of the wheel head subject to the control or ad 
justment afforded by the engagement of the red 
9 With the fixed stop 23. 
It Will be clear, therefore, that with this ar 

rangement both the rate of relative approaching 
movement of the wheel and Work and the ratio 
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justed at will. This is a very important practical 
advantage in using these machines in production. 
The mechanism for producing the relative 

traversing movement of the grinding wheel and 
the work is illustrated in FigS. 8, 9 and 10. In 
this case, as in that of the relative approaching 
and receding movement of the tool and Work, 
it is immaterial from the standpoint of the final 
result obtained whether the Work is moved. Or 
the grinding wheel, or both. It is more conven 
ient, however, to move the wheel than the Work, 
and the mechanism shown, therefore, is designed 
in this manner, although it should be under 
stood that an arrangement for moving the Work 
is the equivalent of the construction for mov 
ing the wheel. Referring to Fig. 8 it will be 
seen that the wheel spindle 4 is mounted in the 
wheel head to reciprocate axially. The bear 
ing bracket 42 which forms part of the Wheel 
head 3 is provided with tapered bearings Which 
may be adjusted to take up wear and which 
support one end of the spindle 4 accurately for 
rotation. Similar bearings, not shown, are pro 
vided for supporting the part of this spindle ad 
jacent to the wheel 5. 
The mechanism for reciprocating this spindle 

comprises a cam 43 formed on one end of a lever 
arm 44 and mounted in the machine frame to 
rock about a shaft or pivot. 45. Means, which 
will later be described, is provided for rocking 
this cam in a predetermined time relationship 
to the other operations of the machine, and 
movement is transmitted from this cam to the 
spindle 4 through a cam follower of peculiar 
design. This follower includes a cap nut 46 
threaded into a sleeve 4 which is mounted to 
slide in the bore of the bearing bracket 42. A 
key 48 fitting in a groove in the upper side of 
the slide prevents the follower from rotating. A 
lock nut 49 fastens the parts 46 and 4 Securely 
together while permitting the former to be ad 
justed relatively to the latter. The follower also 
includes a bolt 50 threaded into the nut 46 With 
its head bearing against the periphery of the 
cam 43, a check nut 5 being provided to lock 
the bolt in an adjusted position. 

In order to Connect, the follower With the Spin 
de Without interfering with the rotary motion 
of the spindle, a washer 52 is Secured to the 
end of the spindle by a bolt 53, and it is located 
between two thrust collars 54 and 55, respective 
ly, which are carried by the follower 46-47, one 
of these thrust collars being held against rota 
tion by a pin 56 and the other by a pin 5. It 
Will be seen that the slide 4 has an inwardly 
extending flange 58 against which the thrust 
collar 55 bears, and that the other collar 54 
abuts against the end of the nut 46 So that ad 
justment of the nut in the slide 47 determines 
the clearance between the washer 52 and the 
thrust collars 54 and 55. A strong coiled Spring 
60 is located in the rearward extension of the 
slide 4 and abuts at one end against the flange 
58 of said slide and at its opposite end against 
a ring 6f which bears against one of the bearing 
bushings for the spindie A, this ring being held 
against rotation by a pin 62. This Spring, there 
fore, tends constantly to hold the bolt 50 of the 
cam follower against the periphery Of the can 
A3, but yields as the can forces the follower in 
Wardly. Since the spindle 4 and the can foll 
lower are connected together for axial move 
ment, the spindle and the grinding wheel 5 
which it carries are compelled to move in unison 
with the cam follower. 

3 
While the cam 43 can be rocked in several 

ways, we prefer to use a fluid pressure mecha 
nism for this purpose because it can be made to 
give a very steady movement, the range of which 
can be easily adjusted, and particularly because 
it is easily and accurately controlled. This mech 
anism comprises a pistOn 64 Working in a cylin 
der 65 and mounted on a piston rod 66, the rod 
being connected to the lower end of the cam 
lever 44 by a pin or roll 5 extending transverse 
ly through the rod and through a slot 68 in the 
lever. A coiled Spring abutting at one end 
against the piston rod and at its opposite end 
against a bracket 7 fixed to the frame, opposes 
the movement of the piston in One direction and 
therefore tends to make this movement steadier. 
The range of movement of the piston in the 
latter direction is inited by a Screw or bolt 2 
threaded through the bracket 7 and locked by 
a check nut 73. 

Oil or other fluid under pressure is Supplied 
from any convenient Source and it is conducted 
to and from the cylinder 65 through Valve cas 
ings 4 and 75 and pipes 6 and 77, respectively, 
which connect these valve casings with the cylin 
der. The flow of fluid to and from the cylinder 
is controlled by valves 78, 79, 80 and 8 , respec 
tively, Fig. 8, these valves having stems to co 
operate with evers 82, 83, 84 and 85 for operat 
ing the respective valves. Preferably a screw is 
threaded through each lever and bears against 
the end of its respective valve stem, as showin in 
FigS. 1 and 8. These evers are arranged to be 
operated by cams such as those indicated at 86 
and 8, Fig. 1, on the camshaft 8, previously re 
ferred to, and in a manner Which Will be obvious 
from an inspection of Fig. i. 
With this arrangement the grinding Wheel can 

be traversed relatively to the Work, the period 
of traversing movement can be accurately timed, 
and the extent of Said movement can be accurate 
ly adjusted. As the piston rod 66 moves toward 
the right and SWings the cam 43 in a counter 
clockwise direction, the spring 60 slides the en 
tire can follower OutWardly, or toward the right, 
carrying the Spindle A and grinding wheel 5 with 
it. On the reverse movement of the piston rod 
66 the cam 43 forces the cam follower inwardly. 
It should be noted that in grinding shouldered 
work, Such as shouldered pins and bushings, the 
Work is So placed in the machine that the wheel 
5 is moved toward the shoulder while the piston 
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rod 65 is moving toward the right, Fig. 8. The 
movement Of the grinding Wheel toward the 
shoulder is positively limited by the engagement 
of the end of the piston rod, or of the spring base 
88 which it carries, with the end of the stop 
screw 2. Consequently, the grinding of the 
shoulder can be made very accurate. Adjust 
Inent of the grinding Wheel axially With reference 
to the Work is produced by adjusting the screw 50. 

55 

O 

Where an exceptionally steady traversing 
movement is desired, the Spring G may be re 
placed by the dash pot arrangement shown in 
Figs. 11 and 12. In this construction a small pis 
tOn 98, Fig. il, is Secured to the Outer end of the 
piston rod 66 and Works in a cylinder block 9 
provided with cylinder heads 92 and 93. The 
cylinder block 9 is secured rigidly to the na 
Chine fraine and it is chambered to provide an 
oil reservoir 94. As the piston 90 moves toward 
the right, oil or other fluid is forced out of the 
cylinder 95 through an oil duct or port 96 into 
the oil reservoir 94. A relatively free fiow of oil 
occurs at this time So that the dash pot offers no 
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Substantial resistance to the approaching move 
ment of the wheel head. As soon, however, as 
the piston 9 passes the port 96, the further out 
flow of oil from the cylinder takes place through 
the duct 96, Fig. 12, which is equipped with a 
needle valve 97. This waive may be so set as to 
make the rate of flow of the fluid very slow. Upon 
the return movement of the piston 90 oil flows 
relatively freely from the reservoir 94 into the 
cylinder 95 through a duct 98 equipped with a 
ball check valve 99 which permits the return flow 
only through this duct, until after the piston has 
passed the port 96, at which time a rapid return 
flow of the fiuid can also occur through this port. 
A stop screw (9 is threaded through the cylinder 
head 93 in position to engage the end of the pis 
ton rod 66 within the cylinder 95 to positively 
stop the right-hand movement of the piston rod 
in exactly the same way that this movement is 
stopped by the screw 2 in the construction shown 
in FigS. 8, 9 and 10. 
A traversing mechanism of this character is 

readily adjustable to satisfy a wide variety of 
conditions so that changes to accommodate dif 
ferent kinds of work usually can be made by 
adjustment without requiring any change or re 
placement of machine partS. 
The mechanism shown in Figs. 5, 6 and 7 for 

controlling the relative approaching and receding 
movements of the grinding wheel and the Work 
can be adjusted to accommodate the require 
ments of a wide variety of conditions. It Will be 
observed that the cann 9 gives a certain time pe 
riod within which the approaching movement 
and the "grinding out' operation must be per 
formed. The entire period between the start of 
the Wheel head toward the work and the begin 
ning of its movement away from the work may 
be considered as divided into three periods or 
stages. First, an approaching movement which 
continues until the wheel comes in contact with 
the work, this part of the movement preferably 
being made relatively rapid; Second, a continua 
tion of said approaching movement during which 
the grinding wheel is acting on the work and per 
forms the greater part of the operation of renov 
ing stock or metal from the work, this period 
terminating when the end of the rod 9 strikes the 
stop 23; and third, a "grinding out' period dur 
ing which the axes of the work and the grinding 
Wheel remain relatively Stationary. This mecha 
inism provides for the convenient adjustment of 
these three stages or periods, and this is im 
portant in changing from one kind of work to 
another. At the same time the rate of removal 
of the stock or metal from the Work can be con 
trolled as desired. The capacity for varying these 
time functions of the machine is a very important 
practical advantage. 

Essentially the same control is afforded by the 
mechanism shown in Figs. 11 and 12 over the 
axial traverse of the grinding Wheel to enable it 
to grid against the shoulder. It will be evident 
from an inspection of Figs. 8, li and 12 that the 

5 limit of the grinding stroke of the Wheel toward 
a shoulder is determined by the adjustment of 
the screws 72 or ). Also, that the needle valve 
97 can be so set that the movement of the piston 
99 toward the stop 109 after said piston has 
passed the port 96 will be slower than that per 
mitted while the port 96 is open. The length of 
the “grinding out' period of the wheel against 
the shoulder on the work will be determined by 
the length of time which the piston 90 rests 
against the stop f OO. It will be evident from the 

foregoing that by properly adjusting the screws 
50 and f OO, the point in the operation of the 
wheel on the work at which the speed of traverse 
changes may be adjusted, as desired. In other 
Words, the operator may select both the length 
of the slow notion stroke and the time in the 
traverse at which the change in Velocity Will oc 
Cur. This is a particularly desirable feature in 
a machine of this character. 
While We have herein shown and described pre- 0 

ferred embodiments of our invention, it will be 
understood that the invention is susceptible of 
embodiment in other forms Without departing 
from the spirit or Scope thereof. 

Having thus described our invention, what we 15 
desire to claim as new is: 

1. In an automatic grinding machine, the com 
bination of a grinding wheel support; a work Sup 
port; a machine bed having guideways upon 
which one of Said SupportS is mounted for sliding 20 
movement to produce relative approaching and 
receding movements of the work and grinding 
wheel; a rod adjustable in said slidable support; 
Screw threaded means for adjusting said rod 
relatively to said Support; power driven mecha 
nism operable through said rod to control said 
approaching movement; and a stop rigid with the 
machine frame for engaging said rod and limit 
ing Said approaching movement, said mecha 
nism comprising a power driven can, a lever 30 
operated thereby, means for transmitting the 
notion of Said lever to said rod, said cam hav 
ing a portion to control said relative approach 
ing movement and another portion to permit the 
grinding out operation at the end of said ap- 35 
proaching movement, and means adjustable to 
vary the ratio between said approaching and 
grinding out periods. 

2. In an automatic grinding machine, the com 
bination of a grinding Wleel Support; a Work 40 
Support; a machine bed having guideways upon 
which one of said supports is mounted for slidiing 
movement to produce relative approaching and 
receding movements of the Work and grinding 
wheel; and mechanism for controlling said ap- 4.5 
proaching movement; Said mechanism including 
a cam, a lever operated thereby, a second lever, 
connections between said levers for operating the 
Second lever from the first lever, said connections 
being adjustable to vary the throw of Said Second 50 
lever imparted to it by said cam, and means for 
transmitting motion from said Second lever to 
said slidable support. 

3. In an automatic grinding machine, the com 
bination of a grinding wheel support; a Work 55 
support; a machine bed having guideWays upon 
which one of Said supports is mounted for sliding 
movement to produce relative approaching and 
receding movements of the Work and grinding 
wheel; and mechanism for producing and con- 60 
trolling said movements; Said mechanism includ 
ing a power driveil cann, a lever operated there 
by, a second lever lying approximately parallel 
to the first lever and adjacent to it, a slidable 
connection between said levers adjustable to vary 65 
the length of the effective arm of the second 
lever, means for transmitting motion from Said 
Second lever to said slidable Support, and means 
for moving said slidable Support in a direction 
opposite to the movement thereof produced by 70 
said cam. 

4. An automatic grinding machine according to 
preceding claim 3 characterized by the fact that 
the second lever carries a Wedge adjustably 
mounted thereon through which the motion of 75 
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2,028,642 
said second lever is transmitted to said slidable 
support. 

5. In an automatic grinding machine, the Com 
bination of a grinding wheel Support; a Work 
Support; a machine bed having guideWays upon 
Which one of Said SupportS is mounted for sliding 
movement to produce relative approaching and 
receding movements of the Work and grinding 
Wheel; and mechanism for producing and con 
trolling Said novenents; said mechanism includ 
ing a power driven cam, a lever operated thereby, 
a Second lever lying approximately parallel to 
the first lever and adjacent to it, connections for 
transmitting motion from said first lever to said 
Second lever comprising a slide adjustable along 
the first lever to change the effective leverage 
ratio of said levers, screw threaded means for 
adjusting said slide, and means for transmitting 
motion from said second lever to Said slidable 
Support, 

6. In an automatic grinding machine, the Com 
bination with a work Support, a grinding wheel, a 
Spindle Supporting said wheel and bearings for 
Said spindle, of mechanism for reciprocating Said 
Wheel and Spindle comprising a rocking cam, a 
follower engaging said cam and connected with 
said spindle to cause said spindle and follower to 
move axially in unison, a Spring for holding said 
follower against said cam, a piston connected 
With said cam to rock it, a cylinder in which said 
piston Works, means for supplying fluid under 
preSSure to Said cylinder, said means including 
valves, and can mechanism for operating said 
Valves in a predetermined order. 

7. A grinding machine according to preceding 
claim 6 having adjustable means for positively 
initing the movement of Said piston in One direc 
tion, and means for cushioning the movement of 
Said piston in said direction. 

8. In an automatic grinding machine, the com 
bination. With a work support, a grinding wheel, 
a Spindle Supporting said wheel and bearings for 
Said Spindle, of mechanism for reciprocating said 
wheel and spindle comprising a rocking cam, a 
follower engaging said cam and slidable in the 
bore of the Wheel head, and at the end of the 
wheel Spindle, connections between said follower 
and said spindle for causing the spindle to re 
ciprocate axially in unison with the follower, a 
Spring in Said bore for holding said follower 
against Said cam, a power driven cam, and con 
nections for causing the latter cam to operate 
Said rocking cam. 

9. In an automatic grinding machine, the com 
bination with a work Support, a grinding wheel, a 
Spindle Supporting said wheel and bearings for 
Said Spindle, of mechanism for reciprocating said 
Wheel and Spindle comprising a cam, a follower 
engaging said cam and connected with said 
Spindle to cause said Spindle and follower to move 
axially in unison, a Spring for holding said fol 
lower against said cam, means for operating said 
Cam, and a fluid pressure mechanism for resist 
ing the movement of said wheel and spindle pro 
duced by Said Spring and constructed for adjust 
ment to afford a materially greater resistance 
during one portion of Such movement than at 
another portion thereof, 

10. In an automatic grinding machine, the 
combination of a grinding wheel support; a work 
Support; a machine bed having guideways upon 
Which One of Said supports is mounted for slid 
ing movement to produce relative approaching 
and receding movements of the work and grind 
ing Wheel; a rod adjustable in said Slidable Sup 

port; means for adjusting said rod relatively to 
said Support; and power driven mechanism oper 
able through said rod to control said relative ap 
proaching movement; said me?chanism including 
a can, a lever Operated thereby, means adjust 
able to multiply the movement of said lever 
produced by Said cam, and means for transmit 
ting motion from said lever to said rod. 

11. In an automatic grinding machine, the 
Combination of a grinding wheel support; a Work 
Support; a machine bed having guideways upon 
which one of said supports is mounted for slid 
ing movement to produce relative approaching 
and receding movements of the work and grind 
ing wheel; a rod adjustable in said slidable Sup 
port; means for adjusting Said rod relatively to 
Said Support; and power driven mechanism oper 
able through said rod to control said relative 
approaching movement; Said mechanism includ 
ing a cam, a lever operated thereby, means ad 
justable to vary the length of the arm of Said 
lever through which saids cam acts, and means 
for transmitting motion from said lever to said 
rod. 

12. In a grinding machine, the combination of 
a grinding wheel, a spindle on which said wheel is 
mounted, a. Wheel head in which said spindle is 
operatively supported for axial reciprocating 
movement, fluid pressure actuated rechanism 
for reciprocating said wheel and spindle axially 
relatively to said wheel head, and additional fluid 
pressure means for controlling the velocity of 
Said axial reciprocation, Said means being Con 
structed and arranged to change said velocity 
automatically at Substantially a predetermined 
point in the reciprocating movement of said 
Wheel. 

13. In a grinding machine, the combination of 
a grinding Wheel, a Spindle on Which said Wheel 
is mounted, a wheel head in which said spindle 
is operatively supported for axial reciprocating 
movement, fluid preSSuire actuated nechanism 
for reciprocating Said. Wheel and spindle axially 
relatively to said Wheel head, means for auto 
matically changing the rate of the movement so 
imparted to said spindle at substantially a pre 
determined point in its stroke, means for adjust 
ing the length of Said stroke, and additional 
means for adjusting the point in Said stroke at 
which said change in rate will occur. 

14. In a grinding machine, the combination 
of a grinding wheel, a Spindle on Which Said 
Wheel is mounted, a Wheel head in Which Said 
Spindle is operatively supported for axial recip 
rocating movement, a piston, a cylinder in which 
said piston Works, valve means for controlling 
the admission of fluid to said cylinder to operate 
Said piston, connections for transmitting the 
motion of said piston to Said Spindle to move the 
Spindle axially, said connections being adjust 
able to vary at will the relationship between said 
piston movement and the spindle movement pro 
duced by it, and additional means for automati 
cally changing the rate of Said piston movement 
at Substantially a predetermined point in its 
stroke. 

15. In a grinding machine, the combination 
of a grinding wheel, a Spindle on which said 
Wheel is mounted, a wheel head in which Said 
spindle is operatively supported for axial recip 
rocating movement, a piston, a cylinder in which 
said piston Works, valve means for controlling the 
admission of fluid to said cylinder to Operate Said 
piston, connections for transmitting the motion 
of said piston to said Spindle to move the Spindle 
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6 
axially, additional means for automatically 
changing the rate of said piston movement at 
Substantially a predetermined point in its stroke, 
means adjustable to change the point in said 
stroke at which said change in rate Will take 
place, and means for adjusting the length of the 
movement imparted to Said Spindle by Said piston. 

16. In a grinding machine, the combination of 
a grinding wheel, a spindle on which said wheel 
is mounted, a wheel head in which said spindle 
is operatively supported, means for Supporting an 
article of work for the operation thereon of said 
grinding wheel, power operated mechanism for 
producing relative approaching and receding 

2,028,642 
movements of said wheel and work fluid pres 
Sure actuated mechanism for relatively recipro 
cating said Work and wheel in a definite time 
relationship to said approaching and receding 
movements of the Work and wheel to produce a 
relative traverse of the Wheel on the Work in a 
direction transverse to said relative approaching 
and receding movement, means for automatically 
changing the rate of said relative traverse move 
ment at Substantially a predetermined point, 10 
and the means for adjusting Said point. 
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