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Patented Jan. 21, 1941 

UNITED STATES 

2,229,312 

PATENT OFFICE 
2,229,312 

FULLY AUTOMATIC CYLNDRCA, 
GRENDING MACHINE 

Herbert A. Silven, Worcester, and Donald W. 
Stephenson, Auburn, Mass., assignors to Norton 
Company, Worcester, 
Massachusetts 

Mass., a corporation of 

Continuation of application Serial No. 276,852, 
June 1, 1939. This application October 20, 
1939, Serial No. 300,364 

10 Claims. 

The invention relates to grinding machines, 
and more particularly to a full automatic grind 
ing machine for grinding cylindrical work pieces. 
One object of the invention is to provide a sim 

ple and thoroughly practical improved full au 
tomatic grinding machine. Another object of 
the invention is to provide a hydraulically actu 
ated full automatic grinding machine in which 
the various mechanisms are provided with safety 
interlocks. A further object of the invention is to 
provide a full automatic hydraulically operated 
cylindrical grinding machine in which the various 
hydraulic control units are electrically inter 
locked. 
Another object of the invention is to provide 

an automatic Work loading mechanism or carrier 
which is provided with a plurality of work receiv 
ing pockets to convey unground work pieces into 
an Operative position and to convey finish ground 
Work pieces from a grinding position to a dis 
charge position. A further object of the inven 
tion is to provide a transversely movable work 
Carrier Which Supports a movable endless chain 
having a plurality of work receiving pockets or 

* clips thereon for conveying work pieces to and 

30 

40 

from an operative position. 
A further object of the invention is to provide 

a transversely movable work carrying apparatus 
having an endless chain movably supported 
thereon. With a hydraulically operated mechanism 
to move said carrier transversely to and from an 
Operative position to grip a ground Work piece 
before the work supporting centers are withdrawn 
therefronn. A further object of the invention is 
to provide Such a loading device with a hydrauli 
cally Operated indexing mechanism to incremen 
tally advance said chain each time the carrier is 
moved forward to grip a ground piece of work to 
convey an unground piece of work into operative 
position for the next grinding operation. 
A further object of the invention is to provide 

an ejector mechanism which is arranged auto 
natically to remove a finish ground Work piece 
from the carrier chain on each forward move 
ment of the work loading carrier, Other objects 
Will be in part obvious Or in part pointed out 
hereinafter. 
The invention accordingly consists in the fea 

30 tures of construction, combinations of elements, 
and arrangements of parts, as will be exemplified 
in the structure to be hereinafter described, and 
the scope of the application of which will be in 
dicated in the following claims. 
In the accompanying drawings, in which is 

(C. 51-105) 
shown one of various possible embodiments of 
the mechanical features of this invention. 

Fig. 1 is a side elevation of a grinding machine 
embodying this invention, having a part of the 
base broken away to show the wheel feeding 5 
mechanism, and One of the Work heads removed 
to more clearly illustrate the Workloading mech 
anism; 

Fig. 2 is a piping and electrical diagram show 
ing the fluid pressure and electrical connections 10 
between the various operating units and con 
trol valves; 

Fig. 3 is a horizontal sectional view through 
both of the Work heads, taken approximately on 
the line 3-3 Of Fig. 1; 5 

Fig. 4 is an end elevation, on an enlarged scale, 
of the Work loading mechanism, having parts 
broken away and shown in section; 

Fig. 5 is a fragmentary horizontal sectional 
view, on an enlarged scale, through the work Sup- 20 
porting spindles; 

Fig. 6 is a fragmentary horizontal Sectional 
View, on an enlarged scale, taken approximately 
On the line 6-6 of Fig. 4, showing the pin for in 
dexing the work carrying chain and the work 25 
ejecting mechanism; 

Fig. 7 is a fragmentary horizontal sectional 
View, On an enlarged Scale, taken approximately 
On the line 7-7 of Fig. 4, showing the guide rod 
for Supporting and guiding the transversely mov- 30 
able Work carrier; 

Fig. 8 is a fragmentary vertical sectional view, 
On an enlarged Scale, taken approximately on the 
line 8-8 of Fig. 4, showing the guide or guideway 
for the transversely movable work carrier; and 35 

Fig. 9 is a fragmentary cross sectional view, 
On an enlarged Scale, taken approximately on the 
line 9-9 of Fig. 3. 
A full automatic cylindrical grinding machine 

has been illustrated in the drawings, compris- 40 
ing a base 20 which supports a longitudinally ad 
justable table 2 on the usual flat way 22 and V 
Way 23. To facilitate longitudinal movement of 
the table 2 relative to the base 20, the table 2 
is provided with a depending rack bar 24 which 4 
meshes with a gear 25. The gear 25 may be ro 
tated in a manner similar to that disclosed in the 
prior United States Patent 2,117,917 to Silven 
dated May 17, 1938, to which reference may be 
had for details of disclosure not contained herein. 50 
This manual adjustment of the work supporting 
table f is merely for setting up the machine and 
is not considered to be a part of the present in 
vention. Consequently, it has not been illus 
trated in detail. SS 



O 

20 

30 

50 

60 

70 

2 
The base 2 also supports a transversely now 

able grinding wheel slide 32 which is Supported 
on the usual V-way and flat way (not shown) 
to facilitate a transverse adjustment or feeding 
movement of the slide 32 relative to the base 20. 
The slide 32 supports a rotatable wheel Spindle 
33 which in turn supports a rotatable grinding 
wheel 34. The wheel spindle 33 is journalled in 
suitable bearings (not shown) formed within the 
transversely movable slide 22. The grinding 
wheel spindle 33 may be rotated in any conven 
ient manner such as, for example, an Overhead 
drive shaft or a motor drive, such as an electric 
motor 35 mounted on the upper surface of the 
wheel slide 32. The motor 35 is provided with a 
multi-grooved driving pulley 36 which is ar 
ranged, by means of a multiple V-belt 3 to a 
multiple V-grooved pulley 38 mounted on the end 
of the wheel spindle 33, to rotate the grinding 
wheel 34 for a grinding operation. 
The Wheel slide 32 is arranged for a tranSVerse 

feeding movement either manually for adjust 
ment to compensate for wheel wear or in setting 
up the machine, or automatically during the 
automatic cycle of operation thereof. The Wheel 
slide 32 is provided with a depending half nut 
49 which meshes with or engages a rotatable 
cross feed screw 4 journalled in a slidably 
mounted bearing member 42 at one end and a 
bearing (not shown) at the other end. The for 
ward end of the feed screw 4 is slidably keyed 
by means of a sleeve to the inner end of a rotat 
able shaft 43. The shaft 43 projects from the 
front of the machine base and is provided on its 
outer end with a gear 44 which meshes. With a 
gear 45 supported on a shaft 46. A manually 
operable feed wheel 4 is also supported on the 
shaft 46 and is either formed integral With or 
fixedly mounted to the gear 45 so that rotation 
of the manually operable feed wheel 47 is trans 
mitted through the gear 45 and the gear 44 to 
rotate the shaft 43 and thereby to rotate the 
feed screw 4 in either direction depending upon 
the direction of rotation of the feed wheel 47 to 
adjust the position of the Wheel slide 32 as de 
sired. This feed mechanism has not been illus 
trated in detail since it is not considered to be 
part of the present invention. For a more de 
tailed disclosure of this feed mechanism, refer 
ence may be had to the U. S. patent to Silven 
No. 2,117,917, dated May 17, 1938 which discloses 
substantially the same type of feeding mecha 
nism. 

In order that the wheel slide 32 may be moved 
rapidly toward the work piece to grind the same 
automatically by the plunge-cut method, the feed 
screw 4 is connected through the bearing 42 
With a piston rod 55. A fluid pressure cylinder 
53 is arranged in axial alignment With the feed 
screw 4 and contains a slidably mounted piston 
54 which is connected with the piston rod 55. 
A fluid pressure pump 59 which is driven by an 
electric motor or other suitable power drive 
serves to pump fluid through a pipe 60 from a 
reservoir Si within the base 20. The pump 59 
forces fluid under pressure through a pipe 62 to 
a main control or feed control valve 58. The 
main control valve 8 is preferably of a piston 
type comprising a valve stem 63 and a plurality 
of Spaced pistons which form valve chambers 
64, 65 and 66 therebetween. In the position of 
the valve 58 (Fig. 2), fluid under pressure enters 
the valve chamber 65 and passes out through a 
passage 67 into a cylinder chamber 57 to cause 
the piston 54 to move rapidly toward the left 

2,229,312 
(Fig. 2) to cause an infeeding movement of the 
Wheel slide 32 and the grinding wheel 34. Dur 
ing the passage of fluid under pressure into the 
cylinder chamber 57, fluid is exhausted from a 
cylinder chamber 56, through a passage 68, into 
the valve chamber 66, and out through a pipe 
69 which exhausts into the reservoir 6. 
The valve stem 63 is held in a forward feed 

ing position (Fig. 2) by means of an electric 
solenoid 75 which is connected by a link 16 and 
a stud to the lower end of a pivotally mounted 
lever 78 supported on a stud 79. The upper end 
of the lever 78 is connected by a pin or stud 80 
with a spool shaped member 8 mounted on the 
outer end of the waive stem 63. When the Sole 
noid 75 is energized, the valve 58 is held in the 
position illustrated in Fig. 2. When the Sole 
noid 75 is deemergized, the released compression 
of a spring 82 within the end of the valve casing 
serves to move the waive 58 quickly toward the 
right (Fig. 2) to reverse the position of the valve 
and to reverse the flow of fiuid to and from the 
chambers 56 and 57 of the cylinder 53. The 
electrical apparatus for controlling the Solenoid 
75 will be described hereinafter. 

Dash pot 
The piston 54 and cylinder 53 mechanism, 

above described, serves to cause the grinding 
wheel 34 rapidly to approach or recede from the 
work piece. In order to reduce the rapid ap 
proaching movement to a predetermined grind 
ing feed, it is desirable to provide a wheel feed 
regulator or controlling mechanism, Such as a 
dash pot mechanism, which may be rendered ef 
fective when the grinding wheel 34 is about to 
contact with the surface of the work piece being 
ground. As illustrated in Fig. 2, an outwardly 
projecting casing 85 is fixed to the head of the 
cylinder 53 and contains a pair of diametrically 
spaced dash pot pistons 86 and 87. The dash pot 
pistons 86 and 87 normally are held in a rear 
Ward position by Springs 88 and 89, respectively. 
During the rapid approach of the grinding wheel 
34, the dash pot pistons are inoperative. 
The piston rod 55 extends toward the rear of 

the machine and is provided at its outer end with 
a sleeve 9 which may be adjusted longitudinally 
on a threaded portion 92 on the piston rod 55 
and locked in adjusted postion thereon by a lock 
nut 93. The parts are so arranged that the 
sleeve 9 moves rearwardly when the piston rod 
55 moves toward the rear. The dash pot pistons 
86 and 8 are limited in their rear Ward move 
ment by means of adjusting ScreWS 94 and 95, 
respectively. When fluid under pressure is ad 
mitted to the cylinder chamber 57 to cause the 
grinding wheel 34 to move toward the workpiece, 
the rapid approaching movement thereof con 
tinues until the end of the sleeve 9 engages the 
ends of the dash pot pistons 86 and 87, respec 
tively. The continued movement of the piston 
54 toward the left (Fig. 2) is resisted by the dash 
pot pistons 86 and 87, respectively, which force 
fluid under pressure from the dash pot chambers 
97 and 98 into a reservoir 99. The dash pot 
chambers 97 and 98 are preferably intercon 
nected with each other by the groove 02 and are 
arranged to exhaust fluid therefrom either 
through a needle valve 100 or an adjustable 
throttle valve of into the reservoir 99. 

Positive stop 
In order to grind a Work piece to a predeter 

mined size, it is necessary to feed the grinding 
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2,229,812 
wheel 34 toward the workpiece to grind the same 
and then to stop the infeed and allow the grind 
ing wheel 34 to grind out or to allow the Sparks 
to die out in order to round up the work So that 
it Will be ground to a true cylindrical Surface of 
a predetermined size. As illustrated in Fig. 2, 
the forward movement of the piston rod 55 causes 
a rapid approach until the sleeve 9f picks up 
the dash pot pistons 86 and 87 to cause a slow 
infeed which continues until an adjustable sleeve 

3 engages a fixed Surface 05 on the rear of 
the casing 85, thereby positively limiting the in 
feeding movement of the grinding wheel 34 and 
causing the Wheel to dwell in contact With the 
Work during the finish grinding period. The 
adjustable stop sleeve 4 surrounds the sleeve 
9 and is held in adjusted position thereon by 
means of lock nuts 06. 
The throttle valve 0 is connected by a pipe 

i88 with the reservoir 99. The pipe fe8 also 
connects the reservoir 99 to- a ball check valve 
69 which remains closed during the forward 

feeding movement of the grinding wheel but 
Which is opened upon the rearward movement of 
the grinding wheel 34 as the dash pot pistons 86 
and 8 move to a rearWard position to allow quick 
return of fluid to the dash pot chambers 9 and 
93, respectively. 
The dash pot mechanism is normally an inde 

pendent fluid mechanism during the normal 
operation of the machine. In order readily to 
fill the reservoir 99 to maintain the desired 
quantity of fluid therein, a pipe is connected 
between the pump. 59 and reservoir 99. A Wave 

is located in the pipe to control the flow 
of fluid through the pipe 9. An overflow pipe 

2 is connected between the vertically extending 
portion of the reservoir 93 and the main reservoir 
Si within the base 26 of the machine so that in 
case the fluid within the reservoir 99 rises above 
a desired level, the excess fluid will return directly 
to the reservoir within the base of the machine. 
Ordinarily the valve is merely opened when 
it is desired to fill the reservoir 99 and then re 
Imains closed during the norinal Operation of the 
machine. If desired, however, in order to insure 
the fluid level within the reservoir 99 at all times, 
the valve may be opened partially So that 
there will be a continuous flow of fluid into the 
reservoir 98, and in this case the overflow pipe 

2 serves to prevent the fluid level rising above 
the desired point. 

Work Supporting and rotating mechanism. 

in order to grind the entire peripheral Surface 
of a work piece automatically, it is desirable to 
provide means for Supporting and driving the 
opposite ends of the Work piece to center and 
support the work piece as Well as to rotate it 
during the grinding operation. In the construc 
tion illustrated (Figs. 3 and 5), a pair of Spaced 
work supporting heads 5 and 8 are mounted 
on a swivel table 9 which is provided on the 
Work supporting table 2. The work heads f5 
and 5 rotatably support a pair of aligned Work 
Supporting and rotating spindles and 8, 
respectively. 

he table 2 is provided With the usual SWivel 
table f 9 which is arranged to pivot on a central 
stud 29 set in the table 2 and projecting into a 
corresponding shaped aperture 2? in the swivel 
table 9. The upper surface of the swivel table 
9 is formed with a dovetailed surface 22. The 

Work head 5 is provided With a dovetailed Sur 
face 23 which mates with the surface 22 on 

3. 
the SWive table 9. A clamping block 24 held 
in position on the work head 5 by a clamping 
screw 25 serves securely to lock the head 5 in 
position thereon. Similarly, the head 6 is pro 
vided With a dovetailed Surface which mates With 
the surface on the swivel table 9, and a clamp 
ing block and clamping screw (not shown) Secure 
ly clamp the work head 6 in position. On the 
swivel table 9. 
The spindles and 3 are provided with a 

suitable driving mechanism. So that they may be 
rotated in synchronism with each other SO as to 
provide a uniform timed driving of opposite ends 
of the Workpiece. In the construction illustrated 
an electric motor 34 is mounted on the left-hand 
end of the swivel table 9. The motor 34 is 
provided with a motor shaft. 35 which is con 
nected by a coupling 36 with a rotatable shaft 
37 journalled in bearings 38 and 39 in the 
head f : 5. The shaft 37 carries at its inner end 
a gear Áe which meshes with a gear 4 mounted 
on the end of a rotatable shaft 42. One end of 
the rotatable shaft 42 is journalled in a bearing 
43 in the head 5 and the other end of the shaft 
fi2 is journalled in a bearing 45 in the head 6. 
The shaft 42 is connected to Simultaneously 
rotate the spindles and 8, respectively. A 
Sprocket 45 is keyed on the left-hand end of 
the shaft 42 (Fig. 3) and is connected With a 
sprocket 66 on the work spindle 1 by means 
of a link chain A4. An adjustably mounted idler 
Sprocket 48 serves to take up any lost motion in 
the chain and to maintain the chain in the 
desired driving tension. 

Similarly, the other end of the shaft É2 is 
provided with a sprocket 50 which is connected 
With a sprocket 5 mounted on the rotatable 
work Spindle 8 by means of a link chain 52. 
An idler sprocket 53 serves to tension the link 
chain 52 as desired. By means of this driving 
mechanism, the work Supporting and rotating 
spindles and 8 may be rotated in Synchro 
nism with each other. 

It is desirable to provide a Suitable adjustment 
in the driving mechanism so that the two spindles 
having specially shaped Work Supporting and 
driving centers may be timed accurately with 
each other and thereafter rotated in absolute 
synchronism with each other. To accomplish 
this result, the sprocket 59 is not fixed to the 
shaft 42 but is rotatably supported thereon. A 
plate 55 is mounted on and fixed to a hub pro 
jecting from the Sprocket 59. The plate 55 
Supports a driving stud 56 which is arranged to 
drive a plate 5 which is fixedly fastened to the 
end of the drive shaft 42. The plate 57 is pro 
vided with a cut-out portion 58 which is of 
Sufficient size and Width to allow freedom of 
in ovement and adjustinent of the stud 56 carried 
by the plate 55. A pair of opposed adjusting 
Screws 8 and 62 which are carried by the pro 
jections 83, and 60, respectively, on the plate 
57 serve to engage opposite sides of a squared 
end portion of the stud 56. By slacking off on 
one of the screws 8 or 62 and tightening the 
other screw, the plate 5 may be adjusted angul 
larly relative to the plate so as to time the 
Work supporting spindle f8 in the desired rela 
tionship With the Work Supporting Spiridle 7. 
In order to clamp or lock the plates 35 and 

57 in adjusted position, a pair of clamping screws 
$3 and 64 are provided. These screws pass 

through elongated slots in the plates 5 and are 
screw threaded into the plate 55 so that the two 
plates may be rigidly locked in adjusted position 
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When desired, thus permitting timing of the Work 
Spindles. 

Work Spindles 

5 The two aligned opposed work supporting heads 
5 and f 6 are substantially identical in con 

Struction, the only difference being that one is a 
right-hand head and the other a left-hand head. 
Consequently, only one of these heads has been 

10 shown in detail in cross section. It should be 
understood, therefore, that the right-hand head 
(Fig. 3) is identical in construction and descrip 
tion. With that described and illustrated in con 
nection with the left-hand head. A collar is 
threaded onto the end of the spindle 7 and 
contains a plurality of spaced symmetrically ar 
ranged Springs (not shown) which are arranged 
automatically to apply a tension to the parts of 
the antifriction ball bearing 38 so that lost mo 

20 tion between the bearing parts is taken up at all 
times during the operation of the machine. 

For convenience of assembly and manufac 
ture, the Spindle 7 is formed in two parts com 
prising the outer part 7 and an inner sleeve 
72 (Fig. 5) which has a flange 73 engaging a 

correspondingly Shaped aperture in the spindle 
7. The other end of the sleeve T2 is threaded 

and a collar 4 fitted thereon serves to lock 
the Spindle f7 and sleeve 72 so that they ro 
tate together. A sleeve 75 is slidably keyed 
Within the sleeve 12 by means of a key (not 
shown). The outer end of the sleeve 75 is pro 
Vided With a tapered aperture (Figure 5) adapted 
to receive the tapered portion of a work sup 

8 porting and driving center 77. The center it, 
as illustrated in Fig. 5, is a female center which 
is adapted to Support and grip a partial spher 
ical Surface on the end of a work piece. A sleeve 

8 within the sleeve f75 serves to support a 
40 Spring 9. The Spring f9 is located between 

a flange on the sleeve 8 and a collar 30 which 
is screw threaded within the sleeve T2. The 
compression of the Spring 79 serves normally 
to hold the Work supporting and driving center 

45 77 and its supporting sleeve 75 toward the 
right (Fig. 3) into a driving position, as illus 
trated therein. 
A fluid pressure cylinder 85 is formed either 

integral or fixedly mounted on the end of the 
50 work head 5. The cylinder 85 contains a pis 

tOn 86 Which is slidably mounted therein and is 
normally held in a position toward the right 
(Fig. 3) by two springs 87 to aid in moving and 
holding the Work supporting center 77 in a di 

55 rection toward the right to support and drive 
a work piece 88 having a frusto-conical surface 
88a, and a partial spherical surface 88b which 

are Simultaneously ground to a predetermined 
size by spaced grinding wheels 34 and 34a, re 

60 spectively. 
To retract the center 77, fluid under pressure 

may be admitted to a cylinder chamber 89 With 
in the cylinder 85, which serves to cause the 
sleeve 75 to be moved toward the left (Fig. 3) 

65 against the compression of the springs 8. 
The piston 86 is preferably connected with 

the sleeve 8 by a lost motion connection, such 
as by means of a flange 99 which is provided 
With an integral hub that is connected to the 

70 sleeve 78 by a screw having a cylindrical end 
portion thereon engaging an elongated slot in 
the sleeve 8. The flange 90 is positioned with 
in a recessed portion in the left-hand end of 
the piston 86 and is located between the bot 

30 

75 tom of the recess 93 (Fig. 3) and a plate (not 

shown) which is fastened on the end of the pis 
ton 86. A collar 95 is fastened on the end 
of the sleeve 78 by means of a screW 96. The 
collar 95 is provided with an adjusting screw 
97 which is arranged parallel with the sleeve 5 
78, and which serves to adjust the amount of 

lost notion between the piston 86 and the fiange 
90. The piston 86 is arranged so that the 

Sleeve 8 rotates therewithin and the lost mo 
tion connection between the piston and the sleeve lo 
f78 Serves to allow the spindle to be rotated 
and the sleeve 78 to rotate freely without any 
friction between the flange 90 and the piston 
86. The Springs 8 serve normally to hold 

the piston 86 in the position illustrated in Fig. 15 
3, that is, in a position toward the right, bear 
ing against a thrust surface which is formed at 
One end of the cylinder 85. This Work head 
construction is identical with that shown in the 
prior U. S. patent to Silven No. 2,117,917 and 20 
Consequently has not been shown in detail herein 
Since it is not considered to be a part of the 
present invention. For details of disclosure not 
contained herein, reference may be had to the 
above-mentioned prior patent. 25 

It Will be readily apparent from the foregoing 
disclosure that the slidably mounted sleeve 5 
Within the Work supporting spindle 7 is nor 
mally held in a position toward the right, that 
is, in operative position to support and drive a 30 
work piece 86 by means of the spring 79. The 
piston 36 is normally held in a position toward 
the right against the thrust surface at the end 
of the cylinder 85 by means of the springs f37. 
When it is desired to retract the center after 35 
a Work piece f88 has been ground, fluid under 
pressure is admitted to the cylinder chamber 
f89 to move the piston 86 toward the left against 
the compression of the Springs 87 and to retract 
the sleeve 75 toward the left against the com- 40 
pression of the Spring 9 to withdraw the Work 
Supporting and rotating center 77 to an in 
Operative position. iihe fluid pressure system 
for controlling the admission of fluid to the cyl 
inder 85 will be hereinafter described. 45 

Similarly, the right-hand head 6 (Fig. 3) is 
provided with a spindle and sleeve construction 
identical With that above described in connec 
tion with the left-hand head 5. The right 
hand head f6 is provided with a cylinder 200 50 
having a piston 20 slidably mounted therein. 
The piston 2 is normally held in the position 
illustrated in Fig. 3, up against a thrust surface 
202 (Fig. 3), formed at the inner end of the 
cylinder 20 by means of two springs 233. A lost 55 
motion connection is provided to connect the 
piston 20 to a sleeve 294 within the spindle 

8. This lost motion connection comprises a 
flange 205 having a hub 288 formed integral 
thereWith. The flange 225 is located within a 60 
recess Within the end of the piston 2 and the 
flange 25 is located between the bottom of the 
recess and a plate (not shown) partially cover 
ing the end of the recess 27 (Fig. 3). The hub 
206 is provided with a screw which has an in- 65 
wardly projecting portion sliding within an elon 
gated slot in the sleeve 284. A collar 20 is fixedly 
mounted on the end of the sleeve 204 by means 
of a screw 2A and is provided with an adjust 
ing screw 22 arranged to engage the flange 25 70 
and adjust the position of the flange 205 relative 
to the sleeve 204 and thereby adjust the amount 
of lost motion between the flange 25 and the 
piston. 20. 
The spindle 8 is provided with an inner 75 
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longitudinally slidable sleeve similar to the sleeve 

5 in the work head 5, which in turn supports 
a work supporting and rotating center 24. The 
center 24 (Fig. 5) is preferably a hollow collet 
Which has a Center aperture to engage and Sup 
port a threaded portion on the work piece 88. 
The spindle 8 is rotatably supported by an anti 
friction ball bearing, similar to bearing 30 in 
the work head 5, and the take-up for lost no 
tion is the same. The centers 7 and 224 are 
shaped and arranged to grip, Support and ro 
tate the Workpiece to be ground. 
While specially shaped centers 7 and 2 is 

have been illustrated for supporting a partial 
Spherical end surface and a threaded eid por 
tion, respectively, of the work piece 38, it should 
be understood that the shape and type of Work 
supporting center utilized is determined by the 
shape of the ends of the work piece being ground. 
Any suitably shaped centers may be employed 
to center, support, and drivingly rotate the Work 
piece. 

Work lodding device 

In a machine of this type, in order to make it 
fully automatic in its cycle of operation, it is 
desirable to provide a work feeding and discharg 
ing mechanism for automatically conveying Suc 
cessive work pieces into alignment with the op 
posed work supporting and rotating centers 77 
and 24, respectively, and similarly to convey 
work pieces therefrom to a discharge position 
after a grinding operation has been completed 
thereon. In order to reduce the idle time of the 
Rachine during the loading and unloading Op 
eration, it is desirable to provide a WOrk loading 
device whereby a continuous Succession of un 
ground work pieces are arranged in close spaced 
relationship with each other whereby a new 
unground work piece 88 is in close proximity to 
the work centers when a ground work piece has 
been released therefrom, so that a slight move 
ment of the loading apparatus will shift an un 
ground work piece into alignment With the cen 
ters, thus loading and unloading the machine in 
a single movement of the work loading device. 
In the construction illustrated, a Work loading 

device is provided comprising a transversely 
innovable Work carrier frame 228 which is slid 
ably supported by a guide block 229 and a pair 
of spaced parallel slide rods 23 and 23 (Fig. 7). 
The guide block 229 is of a substantially H 
shsed cross-sectional area (Fig. 8). A pair of 
spaced parallei bars 232 which are formed as an 
jiegial part of the frame 228 engage and slide 
Within the slide Surfaces of the block 229. 
The Work carrier frame 228 serves as a sup 

port, for a movable work conveyor which pref 
erably comprises a continuous link chain 233 
which is Supported by a plurality of rotatable 
Sprockets 234 and 235 Supported on studs 236 
and 23, respectively, which are carried by the 
train Sversely nowable Work carrier frame 228. 
A sprocket 238 is rotatably supported on a stud 
39 which is in turn supported by a bell crank 

lever 8 . The upier end of the bell crank lever 
is pivotally connected by means of a stud 24 
With the transversely movable work loader frame 
223 (Fig. 4). 
A Sprocket 2:32 is rotatably supported on a stud 

283 which is in turn carried by a vertically ad 
justable supporting member 244 which is adjust 
ably supported on the frame 228. Clamping 
ScreWS 235 and 246 pass through elongated slots 
24 and 248 in the vertically adjustable member 

5 
244 and are screw threaded into the transversely 
Innovable frame 228. The bell crank lever 24 
is connected to a lever 250 by means of a Stud 
25. The other end of the link 250 is provided 
with an integral threaded portion 252 which 
passes through an aperture formed in a boss 
253 which is either formed integral Wtih. Or 
fixedy inounted on a vertically adjustable mem 
ber 284. Clamping nuts 254 and 255 are provided 
on the threaded portion 252 and are arranged on 
opposite sides of the boss 253. It will be readily 
agparent from the foregoing disclosure that the 
link chain 233 passes around the four Spaced ro 
tatable sprockets 234, 235, 238 and 242, respec 
tively, and may be readily tensioned as desired 
by vertically adjusting the vertically adjustable 
member 248 relative to the transversely movable 
carrier frame 228, and also by adjusting the nuts 
234 and 255 to vary the effective length of the 
lever 25. 
Each of the links of the chain. 233 is provided 

With a Work receiving pocket or clip comprising 
a pair of Spaced Work supporting members 260 
and 26 (Figs. 5 and 6) which are shaped to 
support the workpiece 88 so that when it is pre 
sented in a position betWeen the Work Supporting 
and gripping centers 7 and 24, the axis of the 
Work piece f 28 will be in substantial alignment 
with the axes of the work supporting and rotat 
ing spindles and 8, respectively. As illus 
trated in Fig. 5 of the drawings, the Work Sup 
porting member 260 engages and Supports the 
neck or Shall diameter portion of the Work piece 
A 88 and the Supporting member 26 engages and 
Supports the frusto-conical portion of the Work 
piece as it is conveyed to and from an operating 
position. A pair of springs 262 (Figs. 4 and 6) 
Which are arranged in Spaced relationship. With 
the members 260 and 25 serve to hold a work 
piece in position on supporting members 280 and 
28 of the link chain 233. By providing a work 
clip or pocket on each link of the chain 233, 
the work pieces 83 are arranged in close rela 
tionship with each other So that only a slight 
movement of the chain 233 is required to index 
the ground piece of Work away from the centers 
and to present a new work piece in alignment 
thereWith. 
The work loader frame 228 is preferably moved 

transversely to an Operating position to place 
a work piece in position in Supporting engage 
inent with the work gripping centers 77 and 24 
and is then moved transversely to an inoperative 
position during the grinding operation. This 
transverse movement of the work loading device 
is preferably hydraulically actuated by a mech 
anism comprising a fluid pressure cylinder 265. 
A piston 266 is slidably mounted within the cyl 
inder 265 and has a piston rod 267 formed in 
tegral therewith. The piston rod 267 passes 
through a cylinder head 268 having a fluid tight 
packing which Serves as a partial bearing Sup 
port for the piston rod 26. 
piston rod is connected to a portion 269 of the 
transversely nowable work carrier member 228. 
The cylinder 265 is either formed integral with 
or fixedly mounted on a bracket which is fixedly 
Supported on the Work heads 5 and 6. When 
fluid under pressure is admitted to a cylinder 
chamber 27, the piston 266 is caused to move 
toward the right (Fig. 4) to cause a forward 
novelinent of the transversely movable Work 
carrying device 228 so that the parts move into a 
broken line position with the Work piece 88 
aSSunning the position 88a, so that the workpiece 
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f88 is moved into axial alignment With the Work 
Supporting centers TT and 24. Similarly, when 
fiuid under pressure is admitted to the cylinder 
chamber 27 f, the work carrier frame 228 is moved 
toward the left (Fig. 4) to move the link chain 
233 and the work Supporting clips into the full 
line position as indicated in Fig. 4. 
An indexing mechanism is provided auto 

matically to index the link chain. 233 to shift an 
unground piece of work from an operative po 
Sition after the work centers 77 and 24 have 
Withdrawn and to present an unground Workpiece 
in position in alignment with the centers for the 
next grinding operation. This mechanism pref 
erably comprises an hydraulically operated in 
dexing mechanism comprising a fluid pressure 
Cylinder 273 having slidably mounted therein a 
pistOn 274. The piston 274 is connected to or 
formed integral with one end of a piston rod 275 
which, as illustrated, extends in a substantially 
vertical direction. A sleeve 276 is supported on 
the lower end of the piston rod 275 and the sleeve 
26 is slidably mounted within a bracket 277 (Fig. 
4) Which is fixedly mounted to the stationary 
frame of the loading apparatus. A bracket 278 
is carried by the sleeve 276 and both of these 
members are fixed relative to the piston rod 277 
by means of a pin 279. The bracket 278 serves 
as a support for an index finger or pin 280. The 
index pin or finger 280 is carried by a slidably 
adjustable member 28 which is arranged to be 
adjusted within a slot 282 (Fig. 6) formed in the 
bracket 28. A clamping bolt 283 passes through 
elongated slots 284 and 285 (Fig. 6) formed in 
the bracket 278 and passes through a hole within 
the member 28. A nut 286 is screw threaded onto 
the end of the clamping bolt 283 and serves to 
clamp the indexing stud or finger 280 in an op 
erative or inoperative position. As shown in full 
lines in Fig. 6, when it is desired to withdraw the 
Stud or finger 280 to an inoperative position, the 
nut 286 is loosened and the bracket 28 slid to 
ward the right, the bolt 283 sliding longitudinally 
Within the elongated slots 284 and 285 to With 
draw the index finger so that it is out of the path 
of the Work loader conveyor chain 233. 
When the workloader is in an inoperative posi 

tion, that is with the link chain 233 and parts in 
a rearmost position (Figs. 4 and 6), a stationary 
locating or stop stud 288. (Fig. 4) is in an opera 
tive position projecting between the spaced rollers 
on the link chain 233 to hold the chain against 
movement. When the carrier 228 moves toward 
an operative position so that one of the Work 
Supporting clips engages the ground piece of 
Work f88, the link chain 233 moves from the full 
line position (Fig. 6) out of the path of the fixed 
chain locating stud 288 and the chain moves into 
a broken line position 233a with the link chain 
233 in engagement with the index finger or pin 
280. During the forward movement of the work 
carrying frame 228, one of the clips on the chain 

..is moved into position to grip the ground work 
piece 88, after which the work supporting cen 
ters 77 and 24 move in an axial direction away 
from each other to release the ground work piece 
therefrom, at which time fluid is admitted to a 
Cylinder chamber 290 at the lower end of the cyl 
inder 23 to cause an upward movement of the 
piston 24 which produces an upward movement 
of the index pin or stud 280 to move the link 
chain 233 in a clockwise direction on its support 
ing sprockets 234, 235, 238 and 242 to present the 
next lunground work piece into an operative posi 
tion in alignment with the Work centers 77 and 
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2 4, respectively. It will be readily apparent 
from the foregoing disclosure that inasmuch as 
the Work Supporting clips on the link chain. 233 
are in close relationship With each other, Only a 
short indexing movement of the chain is re 
quired to shift a ground Work piece from align 
ment with the centers and to shift a new un 
ground Work piece into position. With respect to 
Said centers. 
The ground work pieces are intermittently 

picked up by the clips on the chain and carried to 
a position remote from the grinding position 
where they are automatically ejected or dis 
charged by means of a discharge or ejector pawl 
29 (FigS. 1 and 4) which is pivotally nounted 
On a stud 292 carried by the fixed fraine of the 
loading attachment. An adjustable stop screW 
293 carried by the ejector pawl 29 Serves to limit 
the rocking movement of the ejector pawl 23 
in a clockwise direction, thus locating the pawl 
in the desired position. A tension spring 294 
serves normally to maintain the stop screw 293 
in a fixed position to locate the ejector pawl 29. 
When the transversely movable work carrier 
frame 228 is moved rearwardly, that is, toward 
the left (Fig. 4), after the chain 233 has been in 
dexed, the ejector member 29, due to its angled 
surface, rides up over a ground piece of work as 
the work moves rearwardly in a horizontal path 
until the ejector member 29 assumes the posi 
tion illustrated in Fig. 4. On the next forward 
movement of the transversely movable Work Car 
rier member 228, the finish ground work piece is 
held by the ejector member 29 and its support 
ing clip is withdrawn therefrom and the finish 
ground work piece dropped into a chute Cr con 
tainer (not shown) located below the loading de 
vice on the front of the machine base. It Will be 
readily apparent from the foregoing disclosure 
that Work pieces 88 are loaded into position on 
the chain at a position above the sprocket 234 
and the work pieces are indexed intermittently 
as successive work pieces are ground until the 
finish ground work piece is ejected by the ejector 
member or pawl 29. 
A pair of adjustable stop screws 295 and 298 

are provided to limit the movement of the index 
finger or pawl 280 (Figs. 1 and 4). By manipu 
lation of the stop screw 29 S, the pawl 28) may be 
adjusted to align it with the Spaces in the chain 
233, and by manipulation of the adjusting screw 
295 the chain. 233 may be advanced a precise 
amount, namely one link, accurately to locate 
the unground Work piece in alignment with the 
work gripping centers TT and 24. 
The admission to and exhaust of fluid from the 

cylinders 265 and 273 is controlled in timed rela 
tion with the operation of the other mechanisms 
of the machine So that when a Work piece has 
been ground to the required extent and the grind 
ing wheel recedes to an inoperative position, the 
work carrier 228 moves forward to grip the 
ground piece of work. The centers f and 24 
then withdraw to release the ground piece of 
work and the chain 233 is then indexed to pre 
sent the next unground Work piece for a grinding 
Operation. 
In the position of the parts as shown in the 

diagram in Fig. 2, fluid under pressure from the 
pump 59 passes through the pipe 62 into the 
chamber 65 of the valve 58 and passes out 
through a pipe 35, through a passage 36 in a 
valve 3T, through a pipe 308 and a valve 309 
and a pipe or passage 30, into the cylinder cham 
ber 27, within the cylinder 285 to move the pis 
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ton 266 together with the piston rod 2S7 and plate 
269 carrying the Work carrying head 228 toward 
the left (Figs. 2 and 5) to withdraw the work 
carrying head 25 into its rearward or inopera 

5 tive position as shown. During the movement of 
the piston 266 toward the left, fluid within the 
cylinder chamber 270 exhausts through a pipe 
or passage 33 and a valve chamber 34 in the 
Valve 3 and passes through a pipe 35 to the 

l0 valve chamber 66 in the valve 53 and through 
the exhaust pipe 69 into the reservoir 6. 
The valve 309 is adjusted to regulate the speed 

of movement of the work carrying head 228 to 
time it with the movement of the Work centers 

15 TT and 24 and also to reduce the force of the 
blow of the piston 266 at each end of the stroke 
to obtain Smoothness and quietness of operation. 

Fluid under pressure entering the cylinder 
chamber 27 passes through a pipe or paSSage 

20 324 into a cylinder chamber 325, which serves 
to produce a downward movement of the piston 
24 and the chain index finger or pin 28 from 
the position illustrated in Fig. 2 into the posi 
tion illustrated in Fig. 4. During the downward 

25 movement of the piston 274, fluid is exhausted 
from a cylinder chamber 290, through a pipe Or 
passage 32, in a manner to be hereinafter de 
Scribed. 
The valve 3 is normally inoperative and re 

30 mains in the position illustrated in full lines in 
Fig. 2, except when it is desired to set up the work 
carrying frame 228 and its aSSociated mecha 
nism when the same may be manually operated 
to move the work carrying frame 228 independent 

35 of the other mechanisms of the machine. 
When the Wheel feed control valve 53 is Shifted 

into its reverse position, the direction of flow of 
fluid under pressure to the cylinder 285 is 
changed so that fluid under pressure passes 

40 through a pipe 3:3 into the cylinder chamber 
28 to cause the piston 256 to move toward the 
right (Figs. 2 and 4) So as to move the work car 
rying frame 228 into an operative position. 

45 Electrical control and interlock 

In a machine of this type, it is desirable to 
provide Suitable interlocks between the Various 
mechanisms of the machine to insure safe oper 
ation thereof, without endangering the operator 

0 or damaging the work pieces 88 passing there 
through. It is desirable to provide an electrical 
interlock between the work gripping centers 7 
and 24 and the wheel feed control valve 58 So 
that the Solenoid 75 cannot be energized unless 

55 both of the work gripping centers are in an oper 
ative position in engagement with the Work piece 
88 to be ground. The mechanisms of the ma 

chine, as shown diagrammatically in Fig. 2, are 
in a grinding position. A trip switch 336 is nor 

60 mally held in a closed position by means of a 
spring 33. An actuating plunger 338 is ar 
ranged in the path of an adjustable screw 339 
carried by a pivotally mounted lever 380 mount 
ed on a stud 34 fixed to the end of the cylinder 

65 85 of the work head 5. A rod 342 is fixed 
to the pistOn 86 and projects through an aper 
ture within the end cover of the cylinder 85 
and is arranged to engage the lever 345). A spring 
343 having one of its ends connected to the upper 

70 end of the lever 346 and its other end connected 
to a stud 334 fixed to the top of the cylinder 85 
serves normally to maintain the lever 343 in en 
gagement With the rod 342. In the position of 
the parts shown, Fig. 2, the switch 336 is closed. 

75 When fluid under pressure is admitted to the 

cylinder chamber 89 to cause the piston 86 to 
move toward the left to withdraw the Work Cen 
ters 77 and 24 to an inoperative position, the 
rod 342 rocks the lever 340 in a counterclockwise 
direction, which serves to move the Switch actu 
ating plunger 338 toward the left, Fig. 2, to trip 
the Switch 336 and thereby break the circuit. 
A similar Safety connection including a nor 

mally closed trip switch 345 is normally held in 
a closed position by means of a spring 346. An 
actuating plunger 347 is arranged in the path of 
an adjustable screw 348 carried by a pivotally 
mounted ever 349 mounted on a stud 359 fixed 
to the end of the cylinder 200 of the work head 

6. A rod 35 is fixed to the piston 20 and 
projects through an aperture Within the end 
cover of the cylinder 200 and is arranged to en 
gage the lever 349. A spring 352 having one of 
its ends connected to the upper end of the lever 
349 and its other end connected to a stud 353 
serves normally to maintain the lever 349 in 
engagement with the rod 35. In the position 
of the parts shown in Fig. 2, the Switch 345 is 
closed. When fluid under pressure is admitted 
to the cylinder chamber 22 to cause the piston : 
2 to move toward the right (Fig. 2) to with 
draw the work center 24 to an inoperative posi 
tion, the rod 35 rocks the lever 349 in a clock 
Wise direction which serves to move the Switch 
actuating plunger 347 toward the right (Fig. 2) 
to trip the switch 345 and thereby break the 
circuit. 
A similar trip SWitch 360 is operatively con 

nected to be actuated by a cycle timing Valve to 
be hereinafter described. The switch 360 is nor 
nally held in an open position by means of a 
Spring 36 and is provided with an actuating 
plunger 362 which is arranged in the path of 
an adjustable screw 363 which is mounted in the 
upper end of a rock arm 3S4. 
is pivotally mounted on a stud. 365. The lower 
end of the rock arm 364 is arranged to engage a 
plunger 366 which extends from and is formed 
integral with a piston 367 of a cycle timing cyl 
inder 368. 

Cycle timing piston and cylinder 
The cycle timing piston 367 and cylinder 368 

Serve to control the admission of fluid under 
pressure to the work head actuating cylinders 
85 and 200 in timed relation with the other 
mechanisms of the machine. The piston 367 is 
normally held in a right-hand position (Fig. 2) 
by means of a pair of springs 369 and 370 which 
are connected between studs 37 and 372, respec 
tively, on the cylinder casing, and the other ends 
Of which are fastened to studs 33 and 34 on 
the rock arm 364. These springs normally tend 
to rock the rock arm 364 in a counterclockwise 
direction. A cylinder chamber 375 within the 
cylinder 388 is connected by a pipe 376 with a 
passage 3 in a cycle timing valve 378. The 
passage 3 is connected by a ball check valve 
39 with a passage 380 which enters a valve 
chamber 39 within the piston type cycle timing 
valve 378. 
The pipe 376 leading from the cycle timing 

piston and cylinder 368 also connects with a pipe 
332 which in turn is connected with an exhaust 
pipe 383 to exhaust fluid into the reservoir S. 
A valve 384 is located in the pipe line 382 and 
serves to close off the exhaust from the cycle 
tinning Valve When desired in setting up the ma 
chine for grinding a given work piece 88. An 
adjustable throttle valve 385 is also located in 

The rock aim 354. 
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the pipe line 382 and serves to adjust and con 
trol the rate of exhaust from the cycle timing 
piston and cylinder 368 and thereby to control 
the cycle of operation. When the fluid is ex 
hausted from the chamber 35 in the cycle tin 
ing piston and cylinder 368 by the piston 367, 
the ball check valve 359 is closed by back preS 
sure of the fluid so as to allow fluid to exhaust 
only through the pipe 376 to the needle valve 385 
in the pipe line 382 to exhaust through the pipe 
383. 

Cycle timing alle 
The cycle tinning valve 38 is preferably a pis 

ton type valve comprising the valve pistons 386, 
38 and 383 which are formed integral With a 
valve stem 389, thus forming valve chambers 390, 
39 , 392 and 393. 
As shown in Fig. 2, fluid under pressure from 

the pump 59 passes through the pipe 62 and 
through a pipe 394 which connects with the valve 
378. In the position of the parts as shown, the 
valve piston 386 closes the port for the pipe 394. 
Fluid under pressure passing into the control 
valve 58 passes out through a pipe 35 and 
through a pipe 395 and a throttle valve 396 into 
the valve chamber 390 to move the cycle tinning 
valve to the right-hand position, as shown in 
Fig. 2. The valve 396 serves to control the rate 
of admission of fluid to the valve chamber 390 
and thereby controls the rate of movement of 
the cycle timing valve. During this movement 
of the cycle tinning valve, fiuid Within the chain 
ber 393 exhausts through a pipe 397, an adjust 
able throttle valve 398 and a pipe 35, which ex 
hausts fluid through the valve chamber 66 and re 
turns it through the pipe 69 to the reservoir 6. 
The valves 396 and 398 serve to control the rate 
of movement of the cycle pilot valve. 
When the main control valve 58 is reversed and 

fluid under pressure is admitted to the pilot Valve 
chamber 393 to shift the pilot valve 38 toward 
the left, fluid under pressure passing through 
the pipe 394 may enter the valve chamber 39 and 
pass through the passage 380, the ball check Valve 
379, the passage 377, the pipe 376, into the cycle 
timing piston and cylinder 368 to cause the pis 
ton 367 to move toward the left, thereby rocking 
the rock arm 364 so that the released compres 
sion of the spring moves the SWitch plunger 362 
toward the right (Fig. 2) which in turn closes the 
switch 360. At the same time, the released com 
pression of the springs serves to move the pis 
tons 86 and 29 simultaneously toward each 
other so that the work Spindles grip the next Work 
piece, thereby closing trip switches 336 and 345, 
which closes the circuit and Serves to energize 
the solenoid 75 to shift the control valve 58 So as 
to start the infeeding movement of the grinding 
Wheel. 
An adjustable stop screw 40 on the cycle 

timing cylinder 368 serves to limit the movement 
of the piston 367 toward the left and thereby 
permits adjustment of the capacity of the cycle 
timing piston and cylinder so as to admit the de 
sired amount of fluid to obtain the cycle of op 
eration desired. 
A push button 40 is provided in the electrical 

circuit to stop and start the cycle of Operation. 
This switch 40 is connected in Series with the 
normally closed trip switches 336, 345 and the 
normally open trip switch 360. 

Operation 
The operation of this machine is readily ap 

parent from the foregoing disclosure. When it 
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is desired to start the machine in operation, a 
control button on the front of the machine base 
is actuated to start the wheel rotation, a push 
button is actuated to start the fluid pump, and 
a push button is actuated to start the work drive 
motor 34. The push button Switch 40 is then 
actuated to start the cycle of operation. The 
switch 49 is connected in series with the trip 
switches 336, 345 and 350 and serves to energize 
the solenoid 75 which shifts the control Valve 58 
into the position shown in Fig. 2 to start a for 
ward feeding movement of the grinding wheel 34. 
ASSunning a work piece to be already located on 
the work centers, fluid under preSSure entering 
the valve chamber 65 passes into the cycle pilot 
valve chamber 390 to shift the cycle pilot valve 
38 into the position illustrated in Fig. 2. The 
grinding wheel 34 advances to grind the Work 88 
to the required size and the extent of the grind 
ing operation, that is, infeed and dwell, is de 
termined by the adjustment of the cycle timing 
piston and cylinder 368 which meters fiuid from 
the valve chamber 375 through the variable 
throttle valve 385 into the exhaust. When the 
cycle timing piston 367 has moved toward the 
right a sufficient distance during the grinding 
operation, the trip Switch 360 is opened, thereby 
breaking the circuit and deenergizing the Sole 
noid 75 which releases the compression of the 
spring 82 and returns the feed control valve 58 
to its reverse position so that fluid under pres 
sure is admitted through the valve chamber 65 
into the cylinder chamber 56 to cause a rearward 
movement of the grinding wheel 34. The shift 
ing of the feed control valve 58 admits fluid un 
der pressure through the pipe 35 and the pipe 
397 into cycle pilot valve chamber 393 to start 
the cycle pilot valve 378 moving toward the left 
and at the same time passes fluid through the 
passage 34 in valve 307 and through the pipe 
33 into the cylinder chamber 270 to move the 
Work carrying member 228 forward simultaneous 
ly to grip the ground piece of work 88. 
When fluid is admitted through the pipe 397 

into the pilot valve chamber 393 to cause the 
cycle pilot valve 378 to move toward the left, fluid 
is also admitted from the pipe 397 into the pilot 
valve chamber 392 and passes out through a pipe 
40 which passes fluid through a passage 4 in 
a valve 42. Fluid entering the valve chamber 
4 passes through a pipe 43 and a pipe 44 into 
the cylinder chamber 89 of the cylinder 85 and 
also passes through a pipe 45 into the cylinder 
chamber 22 of the cylinder 200 to cause the work 
gripping centers 77 and 24 simultaneously to 
nove away from each other out of gripping en 
gagement with the work piece 88. Fluid under 
pressure is admitted to the cylinder chambers 89 
and 22 only instantaneously while the timing. 
valve 38 is being moved toward the left. 
The Speed of movement of the cycle pilot valve 

38 as governed by the valves 396 and 398 is such 
as to allow time for the work centers TT and 24 
to be disengaged from the Workpiece 88, and the 
Work carrier chain 233 to be indexed to remove the 
finished Work piece 88 and present an unground 
Work piece f88a into alignment with the work 
centers 77 and 24 before the valve piston 388 
covers the port to cut of fluid from the pipe 
40. 
During the period while the Work gripping cen 

ters are separated, a pipe 46 is uncovered by 
movement of the piston 86 toward the left 
(Fig. 2) which serves to admit fluid under pres 
Sure through a Valve 47 and pipe or passage 
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" with many thoroughly practical advantages are 
successfully achieved. As many possible em 
bodiments may be made of the above invention 

327 into cylinder chamber 290 to move the piston 
274 upwardly, thereby to shift the ground piece 
of Work 88 into a discharge position 88 and 
simultaneously to move a new piece of work 
i88a into axial alignment with the Work grip 
ping centers. The arrangement above described 
is such that the passage of fluid into the cylin 
der chamber 299 through the valve 4 is con 
trolled in timed relation with movement of the 
pistons 86 and 20 which actuate the work 
gripping and rotating Spindles. 
When fluid under pressure is cut off from the 

pipe 410, the released compression of the springs 
f87 and 263, the spring 79 in the work Sup 
porting head 5, and a similar Spring in the 
work head 6 serve rapidly to move the Work 
spindles - simultaneously toward each other to 
engage the work centers 47 and 2A4 with the 

88C. This movement 
serves rapidly to exhaust fluid from the Work 
spindle cylinder chambers 89 and 2?2 in the 

30 

cylinders 85 and 200. Any leakage of fluid by 
the pistons 86 and 20 is exhausted by an ex 
tension of the pipe 383 into the reservoir 6. The 
movement of the work spindles into an operative 
position serves to close the trip switches 33 
and 345. The trip switch 360 being already 
closed, thereby completes the circuit to energize 
the solenoid 5 to shift the feed control valve 58 
so as to move the grinding wheel 34 toward the 
work piece f88. At the same time, pressure in 
the pipe 305 passes through a passage 396 in a 
valve 37, through the pipe 388, the valve 399 
and the pipe 30, into a cylinder chamber 27, 
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to move the work carrier frame 228 to an in 
operative position, as shown in full line in Fig. 4. 
The radially extending holes 32 are uncovered 
when the piston 226 reaches its left-hand posi 
tion (Figs. -2 and 4), and fluid passes from the 
cylinder chamber 27 through the pipe or paS 
sage 324 to the cylinder chamber 325 to move 
the piston 274 and index pin 28) downwardly 
into the position shown in Fig. 4. During the 
downward movement of the piston 274, fluid is 
exhausted from the cylinder chamber 295) 
through the pipe is 6, a ball check Valve in 
cylinder 85, and through the pipe dia, the pipe 
443, the valve 412, the pipe 4:0 and the pipe 
4 i9, into the reservoir 6. 
The valve 42 is provided to facilitate in 

dependent movement of the work supporting 
centers 77 and 24 in setting up and adjusting 
the machine elements. During the normal op 
eration of the machine under control of the 
automatic cycle control mechanism, the valve 
42 remains in the position illustrated in Fig. 2. 
If it is desired manually to operate the pistons 
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86 and 23 independent of the cycle control 
mechanism, the valve 42 is shifted in a clock 
Wise position into the position illustrated in 
dotted lines in Fig. 2 So that fluid under pressure 
from the pump 59 is admitted to the cylinder 
chambers 89 and 22, respectively, to Withdraw 
the Work supporting centers independently of the 
cycle control. 
This cycle of operation is then continued on 

successive pieces of work. By manipulation of 
the various control valves, the timing of the 
movement of the various hydraulically actuated 
parts may be regulated as desired to obtain the 
desired coordination in the movement of the 
various parts of the machine. 

It will thus be seen that there has been pro 
vided by this invention apparatus in which the 
various objects hereinabove set forth together 
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and as many changes might be made in the 
embodiment above set forth, it is to be under-5 
stood that all matter hereinbefore set forth or 
shown in the accompanying drawings is to be 
interpreted as illustrative and not in a limiting 
SenSe. 
This application is a continuation of our co-10 

pending application Serial No. 276,852 filed 
June 1, 1939. 
We cairn: 
1. In an automatic cylindrical grinding nar 

chine having a pair of opposed aligned work-lis 
Supporting and rotating Spindles, means op 
eratively connected simultaneously to move each 
of said Spindles and arranged to cause them to 
approach or recede from each other to grip, Sup 
port and rotate a Work piece, means synchro-C20 
nously to rotate said spindles, and a work load 
ing device Comprising a transversely movable 
Work carrier head, means including a piston and 
cylinder to move Said head transversely, a plu 
rality of spaced work receiving pockets, an end-25 
leSS chain to Support Said pockets on said head, 
means to move said head transversely to grip a 
Work piece Supported on Said Spindles, an in 
dexing mechanism including a piston and cylin 
der to index said movable support relative to said 30 
head simultaneously to transfer said Work pieces, 
and connections between one of said spindles 
and said endless chain indexing mechanism . 
whereby said second cylinder is rendered in 
operative until said spindles have moved to an 85 
inoperative position. 

2. In an automatic cylindrical grinding ma 
chine having a pair of opposed aligned work sup 
porting and rotating Spindles, means Synchro 
nously to rotate said spindles, means including 
a piston and cylinder to move each of said spin 
dies toward and from each other, and a work 
loading devicehaving a transversely movable work 
carrier head, a piston and cylinder to move said 
head transversely, a movable endless chain sup 
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45 
ported on said carrier head, a plurality of spaced 
Work receiving pockets on said chain, means in 
cluding a piston and cylinder to index said chain 
So as to shift the Work pieces intermittently into 
alignment With Said spindles and into a dis-50 
charge position, a control valve to admit fluid 
to said first cylinder to move the work carrier 
head tranSVersely, a cycle timing valve actuated 
by Said main control valve, connections between 
Said cycle timing valve and said spindle actuat-55 
ing cylinders to control the movement of said 
Spindles in timed relation with the movement of 
Said Work head, and fluid pressure connections 
between one of Said spindles and said endless 
chain actuating cylinder which are arranged to:60 
render the indexing cylinder inoperative until 
the Work Spindles have separated and moved to 
an inoperative position. 

3. In an automatic cylindrical grinding ma-. 
chine having a pair of aligned Work supporting. 6; 
and rotating Spindles, means including a fluid 
pressure piston and cylinder operatively con 
nected to move said spindles toward and from 
each other, a Work loading mechanism compris 
ing a transversely movable work carrier head, a 
plurality of spaced Work receiving pockets, an 
endless chain movably Supported on said head 
and serving as a Support for said Work receiving 
pockets, means including a piston and cylinder 
to move said head transversely to grip a ground 75 

70 
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piece of Work Supported on Said Spindles, means 
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including a piston and cylinder to indeX said 
chain SO as to remove the ground piece of Work 
and to present a new piece of Work into axial 
alignment With the work supporting Spindles, and 
a hydraulic interlock between said spindle actu 
atting cylinders and Said endless chain Operated 
cylinder whereby said latter cylinder is rendered 
inoperative until the work spindles have sepa 
rated to release a ground piece of Work. 

4. In an automatic cylindrical grinding ma 
chine, a Work loading device having a transverse 
ly movable Work carrier, a plurality of Sprockets 
rotatably Supported thereon, an endless chain 
supported by said sprockets, a plurality of Work 
receiving clips on said chain, a fluid preSSure pis 
ton and cylinder operatively connected to move 
the carrier transversely to and from an operative 
position, an index pin engageable with said chain 
when said carrier is moved in one direction, and 
means including a second piston and cylinder to 
traverse said pin to index said chain successively 
to present a plurality of Work pieces for a grind 
ing Operation. 

5. In an automatic cylindrical grinding ma 
chine, a work loading device having a transverse 
ly movable work carrier head, a plurality of 
sprockets rotatably supported thereon, an end 
less chain supported by Said Sprockets, a plural 
ity of work receiving clips on said chain, a fluid 
pressure piston and cylinder to move said carrier 
transversely to and from an operative position, 
an indexing mechanism including a movable in 
dex pin engageable With said chain. When the 
work carrier is moved forward, and means in 
cluding a second piston and cylinder to traverse 
said index pin to index said chain and present 
the next work piece in operative position. 

6. In an automatic cylindrical grinding ma 
chine, a work loading device having a transverse 
ly movable work conveyor, a plurality of sprock 
ets rotatably supported thereon, an endless chain 
supported by said Sprockets, a plurality of Work 
receiving clips on said chain, a fiuid pressure 
piston and cylinder to move Said carrier trans 
versely to and from an operative position, an 
index pin engageable with Said chain. When the 
work carrier is moved in one direction, means 
including a second piston and cylinder to trans 
verse said index pin to index said chain to present 
successive work pieces for a grinding operation, 
and an ejector member on said work loading de 
vice which is arranged positively to eject a ground 
Work piece from a clip on Said chain when the 
carrier moves transversely toward an operative 
position. 

7. In an automatic cylindrical grinding ma 
chine, a work loading device having a transverse 
ly movable work carrier head, a plurality of 
sprockets rotatably supported thereon, an endless 
chain supported by said Sprockets, a plurality of 
work receiving clips on said chain, a fluid pres 
sure piston and cylinder to move Said carrier 
transversely to and from an operative position, 
means including a Second piston and cylinder to 
index said chain successively to present a plu 
rality of work pieces for a grinding operation, 
and means including an adjustable stop to limit 
the movement of said second piston SO as to ad 
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just the extent of said indexing movement so as 
to align the Work piece in an operative grinding 
position. 

8. In an automatic cylindrical grinding ma 
chine, a Work loading device having a frame fiX 
edly mounted on said grinding machine, a trans 
Versely movable Work carrier head Supported. On 
said frame, a plurality of rotatable Sprockets Sup 
ported on said carrier, an endless chain Sup 
ported on said sprockets, at least one of said 
Sprockets being adjustable relative to the others 
to tension said chain, a plurality of Work receiv 
ing clips on said chain, means including a fluid 
pressure piston and cylinder to move said car 
rier transversely to and from an operative posi 
tion, and an indexing mechanism including a 
movable indexing pin and a fluid pressure piston 
and cylinder operatively connected to traverse 
said pin to index said chain so as to successively 
present a plurality of Work pieces for a grinding 
Operation. 

9. In an automatic cylindrical grinding ma 
chine, a Work loading device having a frame fix 
edly mounted on Said grinding machine, a 
transversely movable work carrier supported on 
said frame, a plurality of rotatable sprockets 
Supported on said carrier, an endless chain 
Supported on said sprockets, at least one 
of said Sprockets being adjustable relative to the 
others to tension said chain, a plurality of Work 
receiving clips on said chain, means including a 
fluid pressure piston and cylinder to move Said 
carrier transversely to and from an operative 
position, an indexing mechanism including a 
movable indexing pin and a fluid pressure pis 
ton and cylinder operatively connected to trav 
erse said pin to index said chain. So as to suc 
cessively present a plurality of Work pieces for 
a grinding operation, and an ejector member on 
said frame which is arranged to eject a ground 
Work piece from a clip on said chain when said 
carrier moves transversely toward an operative 
position. 

10. In an automatic cylindrical grinding ma 
chine, a work loading device having a frame fix 
edly mounted on Said grinding machine, a trans 
Versely movable Work carrier Supported on said 
frame, a plurality of rotatable Sprockets sup 
ported on Said carrier, an endless chain Supported 
on said Sprockets, at least one of said sprockets 
being adjustable relative to the others to ten 
Sion said chain, a plurality of Work receiving 
clips on Said chain, means including a fluid pres 
Sure piston and cylinder to move said carrier 
transversely to and from an operative position, 
an indexing mechanism including a movable in 
dexing pin and a fluid pressure piston and cyl 
inder operatively connected to traverse said pin 
to index. Said chain so as to successively present 
a plurality of work pieces for a grinding oper 
ation, and a pivotally mounted ejector member 
on said frame which is arranged to engage a 
ground Work piece when the carrier moves to an 
inoperative position and to eject said work piece 
when said carrier moves toward an operative 
position. 

HERBERT A. SILVEN. 
DONALD W. STEPHENSON. 
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CERTIFICATE OF CORRECTION. 
Patent No. 2,229,312. January 21, 194l 

HERBERT A. SILVEN, ET AL. 
It is hereby certified that error appears in the printed specification 

of the above numbered patent requiring correction as follows: Page 10, first 
column, line 149-50, claim 6, for the word "transverse" read -- traverse --; 
and that the said Letters Patent should be read with this correction the rein 

that the same may conform to the record of the case in the Patent Office. 
Signed and sealed this l3th day of May, A. D. 19).l. 

Henry Wan Arsdale, 
(Seal) Acting Commissioner of Patents. 


