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2,377,982 

OFFICE 
GRINDING MACHINE AND METHOD of 

GRN DING 

Frederick J. Theler, George W. Binns, and Jacob 
Decker, Cincinnati, Ohio, assignors to The Cin 
cinnati Milling Machine Co., Cincinnati, Ohio, 
a corporation of Ohio 

Application December 24, 1942, serial No. 470,314 
(C. 51-4) 26 Claims. 

This invention relates to grinding machines 
and a method of grinding. . 
One of the objects of this invention is to pro 

Wide a simple, thoroughly practical and durable 
grinding machine for accurately and economi 
cally grinding balls. Another object is to pro 
vide a construction of the above character which 
is well adapted to withstand continuous hard use 
and which employs the centerless grinding prin 
ciple. Another object is to provide a practical 
ball grinding attachment which may be applied 
to standard centerless grinding machines. An 
other object is to provide an economical and efi 
cient method of accurately grinding balls in a 
centerless grinding machine. Other objects will 
be in part obvious and in part pointed out herein 
after. 
The invention accordingly consists in the fea 

tures of construction, combinations of elements, 
arrangements of parts, and in the several steps 
and relation and order of each of the same to 
one or more of the others, all as will be illus 
tratively described herein, and the scope of the 
application of which will be indicated in the fol 
OWingNclaims. 
In the accompanying drawings in which is 

shown One of the various possible embodiments 
of this invention, 

Figure 1 is an elevational view of thema 
chine; 

Figure 2 is a vertical sectional view taken on 
the line 2-2 of Figure 1, certain parts of the 
machine being removed for purposes of clarity; 

Figure 3 is an enlarged view of the left-hand 
portion of Figure 2, certain of the parts thereof 
being broken away for purposes of clarity; 

Figure 4 is a vertical sectional view taken on 
line 4-4 of Figure 3; 

Figure 5 is a vertical section taken on the 
6-5 of Figure 3; 

Figure 6 is a vertical section taken on the line 
6-6 of Figure 3; 
Figure 7 is a horizontal section taken on the 

line 7-7 of Figure 3 showing the pilot valve trip 
ping mechanism; - Figure 8 is a diagrammatic view of the hy 
draulic control support; 

line 

C 
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3. 

Similar reference characters refer to similar 
parts throughout the several views of the draw 
ings. • Y 

Referring now to Figure 1, the machine in 
cludes a bed to having a regulating wheel and 
grinding wheel 2 mounted thereon. On the 
right-hand portion of the machine bed, as viewed 
in Figure 1, surface ways 3 (Figure 2) Support 
a carriage which is thus movable longitudi 
nally of the bed; carriage 4 supports the regu 
lating wheel and associated mechanism. A 
bracket 6 secured to the right-hand portion of 
the machine bed (Figure i) carries a SWivelnut 
(not shown) keyed thereto, A threaded shaft 
connected to carriage 4 is threaded through the 
swivel nut and has a hand wheel 8 Secured to its 
outer end. Accordingly movement of hand Wheel 
8 moves the carriage 18 and wheel (Figure 
2) longitudinally of the machine to adjust the 
distance between the regulating and grinding 
wheels as desired. 
Grinding wheel 2 and regulating wheel are 

provided with suitable truling mechanisms, gen 
erally indicated at 9 and 20, for truling the active 
opposed surfaces of the wheels. Grinding wheel 
2 is rotated at high speed in a clockwise direc 

tion, as indicated by the arrow in Figure 1, and 
effects a stock removal from the work in the 
machine. The regulating wheel , which rotates 
at a relatively, slow speed in the direction of the . 
arrow in Figure 1, controls the rate of rotation 
of the work in the machine. Thus, in operation, 
the parallel opposed faces of the wheels travel in 
opposite directions and form a grinding throat. 
therebetween in which the work is placed. 

Referring now to Figures 1, 2, and 3, an attach- . 
ment, generally indicated at 26, is provided for 
supporting and acting upon the work as it passes 
through the grinding throat formed between the 

40 regulating and grinding wheels. In general, this 
attachment includes a framework Supporting a 

45 

Figure 9 is a vertical sectional view, on an 
enlarged scale, of that portion of Figure 2 where 
work is ejected from the grinding throat of the 
machine; - 

50 

Figure 10 is a vertical sectional view taken on 
the line. 0-0 of Figure 9; and, 

Figure 11 is a vertical sectional view taken on 
the line - of Figure 3, 

work rest blade generally indicated at 22. (Figures 
2, 4, and 6), a reciprocating shuttle plate gen 
erally indicated at 23 (Figures 2, 4, and 5) which 
moves transversely of the faces of the wheels, 
and driving mechanism for the shuttle plate gen 
erally indicated at 24. The work is fed into the 
grinding throat adjacent the left-hand edge of 
the grinding wheel, as viewed in Figure 2, and is 
moved across the grinding throat by the shuttle 
plate from left to right, during which time the 
work is acted upori by the shuttle plate, grinding 
wheel, and regulating wheel, all as Will be fully 
described hereinafter. 
The framework of the attachment includes a 



2 
bed plate generally indicated at 25 (Figures 2 
and 4), a pair of vertical supports 27 and 28 
(Figure 2), and a transverse plate 29. Bed plate 
25 extends transversely across the machine in 
alignment with the grinding throat between the 
grinding and regulating wheels. (Figures 1 and 2) 
and is secured to slide 4 (Figure 2) by screws 26. 
Screws 26 extend through slots in bed plate 25 
extending longitudinally of the machine and 
thread into carriage 4. Thus, the attachment 
may be adjusted toward and from the regulating 
wheel. The vertical supports 27 and 28 extend 
upwardly from and are secured to bed plate 25 
adjacent the ends thereof and support trans 
verse plate 29 above and parallel to bed plate 25. 
The rear face of bed plate 25, as viewed in Figures 
2 and 4, has a cut-out portion 30 within which 
work rest blade 22 is positioned. This blade is 
secured in a vertical position to the bed plate by 
a series of bolts 3 which extend through vertical 
slots, such as slot 32 (Figures 3 and 4), in the 
work rest"blade, pass through holes in the bed 
plate of substantially the same diameter as the 
shank of the bolts, and thread into nuts 33. (Fig 
ures 2 and 4). The slots are also of substantially 
greater width than the diameter of the shank of 
the bolts 3 (Figure 3), thus permitting adjust 
ment of the work rest blade both vertically and 
longitudinally with respect to the bed plate 25. 
Elevating screws, such as Screw 34 (Figures 3 and 
4), are provided to permit accurate vertical ad 
justment of the work rest blade to be made, and 
longitudinal adjusting screws, such as screw 35 
'(Figures 3 and 4), are provided for making accu 
rate longitudinal adjustments of the work rest 
blade with respect to the bed plate. Longitudinal 
Screw 3.5 (Figure 3) acts against a boss 38 formed 
On a vertical support 37 secured to the rear face 
of bed plate 25. Thus, the work rest blade is 
accurately adjustable both vertically and longi 
tudinally and, when so adjusted, is clamped in 
place by bolts. 3. . 
The upper portion 38 of the work rest blade. 22 

(Figures 4 and 6) is tapered to conform to the 
shape of the grinding wheels, and the upper edge 
39 of the blade 22 extends transversely across the 
faces of the grinding and regulating wheels (Fig 
lure 2) parallel to the grinding throat formed 
therebetween. The upper edge 39 (Figures 4 
and 6) of the Work rest blade is beveled toward 
the regulating wheel , thus insuring rotation 
of the balls by the regulating wheel. The beveled 
edge 39 of the work rest blade extends a substan 
tial distance to the left of the grinding and regu 
lating wheels (Figures 2 and 3) which are of sub 
stantially the same width. 

Shuttle plate 23 is mounted on four rollers 40, 
4, 42, and 43 which are positioned in the same 
plane as work rest blade 22 (Figures 4 and 5). 
As the mounting of rollers 42 and 43 upon the 
bed plate is substantially similar, detailed descrip 
tion of these rollers will be limited to the mount 
ing of roller 42. As best shown in Figures 3 and 
5, a bracket 44 is secured by bolts 45 to the rear 
face of bed plate 25. Bolts 45 extend through 
vertical slots 46 in bracket 44 and thread into 
bed plate 25. Thus, the position of bracket 44 
with respect to bed plate 25 may be adjusted ver 
tically. A shaft 47 (Figure 5) is mounted in the 
upper portion of bracket 44, and roller 42 is 
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revolubly mounted upon this shaft. Thus, rollers 
42 and 43 may be adjusted vertically with respect 
to the bed plate (Figure 2) permitting vertical 
adjustment of the shuttle plate 23 with respect to 
the work rest blade 22. . 75 
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As the mounting of rollers 40 and 4 (Figure 2) 

upon vertical supports 27 and 28 is substantially 
Similar, detailed description of the mounting of 
these rollers will be limited to the mounting of 
roller 40. Referring to Figure 3, an arm 48 is 
pivotally mounted at 49 on vertical support 27. 
A shaft 50 (Figures 3 and 5) is mounted in the 
right-hand end of arm 48, as viewed in Figure 3, 
and is held thereby by a bolt 5. Roller 40 is 
revolubly mounted on shaft 50 above roller 42. 
A projection 52 (Figure 3) extends outwardly 
from the end of arm 48 and is connected by a 
spring 53 to a bolt 54. Bolt 54 extends through 
and is adjustably connected to a bracket 55 (Fig 
lures 3 and 5) Secured to the rear face of bed 
plate 26. Spring 53 resiliently urges arm 48 
downwardly and, by adjusting nuts 56, the ten 
sion on spring 53, and thus the force acting down 
wardly upon arm 48, may be increased or de 
creased. 

Referring to Figure 3, an elevating screw 57 
threads through a boss 58 on vertical support 2 
and acts upon a lug 5 formed on the rear face 
of arm 48. Arm 60 (Figure 2) of roller 4 is acted 
upon by an elevating screw similar to Screw 5, 
and thus these rollers may be moved upwardly by 
their respective elevating screws to permit re 
moval of the shuttle plate. Thus rollers 40 and 4 
are resiliently urged downwardly against the up 
per edges of the shuttle plate and act as effective 
guides during movement of the blade, and the 
shuttle plate may be conveniently removed frona 
the attachment. 
As is best shown in Figures 2 and 5, the upper 

and lower edges 6,62, 83, and 64 of shuttle plate 
23 adjacent the ends.thereof are preferably bev 
eled (Figure 5) to fit the grooves in rollers 0, 
4, 42, and 43, respectively. Thus, shuttle plate 
23 is mounted on the rollers for novement trans 
versely of the grinding throat between the grind 
ing and regulating wheels and is maintained by 
the rollers in a vertical position above the work 
rest blade 22. Furthermore, the shuttle plete 
may be vertically adjusted by adjusting the 
brackets upon which rollers 42 and 43 are mount 
ed and an efficient mounting of the shuttle plate 
is achieved through the action of the resilient 
springs urging rollers 40 and 4 downwardly. 
As best shown in Figures 2 and 3, the lower 

edge of the shuttle plate 23 has a cut-out por 
tion 65 therein into which the beveled edge 9 of 
the work rest blade extends. Referring to Fig 
ures 2 and 6, retainer blades 66, 87, and 88 are 
mounted on the lower edge of the cut-out portion 
of shuttle plate 28 and are held in position there- . 
on by a clamping plate B and bolts 70. The 
lower edges of blades , B7, and 8 are posi 
tioned parallel and in alignment with the bev 
eled edge 39 of the work rest blade. A small 
wire 7 (Figure 6) is positioned between the up 
per edges of the retainer blades and shuttle plate. 
2 and may be changed to a wire of different size , 
for accurately locating the retainer blades ver 
tically with respect to the balls. This permits 
the blades to be adjusted for balls of different 
sizes. The retainer blades are preferably post 
tioned just far enough above the balls so that the 
blades do not touch the balls but will prevent 
them from jumping out of, or piling up in, the 
EEng throat during operation of the shuttle 
plate, 
The balls 72 are reciprocated in the grinding 

throat by actuating pins 73 (Figure 3) and 74 
(Figure 2). Actuating pin 73 is mounted in a 
support 75 which is secured to shuttle plate 23 



by screws T6. This pin, which is in alignment 
with the centers of the balls in the grinding 
throat, is threaded through a downwardly pro 
jecting portion 75a of support 75, and by turn 
ing its head 78, which is positioned in a cut-out 
portion 79 of shuttle plate 23, the actuating end 
3a of pin 73 may be adjusted with respect to 
the shuttle plate. 

Pin 74 (Figure 2), which extends through a 
hole 80 in the lower part of the right-hand por 
tion of the shuttle plate, threads through an end 
plate 8. This pin is also in alignment with the 
centers of the balls in the grinding throat, and 
its position may be adjusted by turning its head 
82. Pins 73 and 74 serve to move the line of balls 
positioned along the edge 39 of the work rest 
blade to the right and left, as viewed in Figure 2, 
as shuttle plate 23 reciprocates, all as will be fully 
described hereinafter. 
The portion of the beveled edge 39 of the work 

rest blade, which extends to the left of the grind 
ing and regulating wheels as viewed in Figures 
2 and 3, is enclosed by a pair of plates 83 and 84 
(Figures 2 and 4) secured to the work rest blade 
22 by bolts 86 and 87; the plates extend above 
the beveled edge 39 of blade 22 (Figure 4) thus 
to enclose the left-hand end of the train of balls, 
as viewed in Figure 2. 
AS best shown in Figures 2, 3, and 4, a work. 

feeding tube 88 extends upwardly above the 
framework of the attachment and is mounted 
upon transverse plate 29 in any suitable manner. 
The lower end of the tube is aligned with a pas 
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sageway 89 extending through a block 90. Block 
90, which extends downwardly into a cut away 
portion of shuttle plate 23, is mounted by screws 
225 (Figure 4) on a vertical support 37 (Figure 
3) connected to bed plate 25. As is best shown 
in Figure 3, bolts 3a and 37b secure vertical 
support 37 to the rear face of bed plate 25 and 
extend through horizontal slots 200 and 20 in 
vertical support 37. Thus, the position of verti 
cal support 37 and block 90 may be adjusted lon 
gitudinally with respect to bed plate 25 and shut 
tle plate 23. .. 
The lower portion of block 90 has a channel 

9 (Figures 3 and 11) therein which extends 
lengthwise across the block. This channel is 
closed to the left of passageway 89, as viewed in 
Figure 3, by a block 93 which is secured to block 
90 by screw 94. The right-hand end of block 93 
with the side walls of channel 9 forms a con 
tinuation of the work feeding passageway 89 in 
block 90. A cut-off blade 95 (Figures 3 and 11) 
is slidably mounted for longitudinal movement 
with respect to block 90 in the right-hand section 
of channel 9, as viewed in Figure 3. This blade 
has a pin 96 (Figures 2 and 3) which extends 
outwardly through an elongated slot 97 (Figure 
2) in the side wall of channel 9. This pin is 
connected to a second pin 98 set in block 90 by a 
spring 99 which acts through pin 96 to resiliently 
urge the cut-off blade 95 (Figure 3) to the left, 
as viewed in this figure. The cut-off blade 95 is 
also provided with a threaded extension foo 
thereon upon which a stop member of is mount 
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ed for purposes to be disclosed more fully here- . 
inafter. 
Immediately below block 90 a feed plate, gen 

erally indicated at 02, is mounted in a cut-out 
portion of shuttle plate 23. The upper surface of 
this plate retains cut-off blade 95 within channel 
9 (Figures 2 and 3), and its right-hand end 02a, 
as viewed in Figure 3, coacts with stop member 
O to actuate the cut-off blade. As pointed out 

70 

75 

3 
hereinabove, shuttle plate 23 moves with a recip 
rocating action, and when the shuttle plate is po 
sitioned at the right-hand end of its stroke, as 
viewed in Figures 2 and 3, the string of balls in 
tube 88 and block 90 rests on the upper flat sur 
face fo3 of plate O2. To the right of surface G3 
a passageway fo4 slants downwardly through feed 
plate O2 and connects with a passageway BS 
extending through shuttle plate 23 and support 
5 (Figures 3 and 11). 
In operation, as shuttle plate 23 moves to the 

left as viewed in Figure 3, movement of feed plate 
O2 permits spring 99 (Figure 2) to move the cut 
of blade 95 in the same direction. The V-shaped 
nose 06 of the blade extends between the two 
lower balls in the string of balls resting on sur 
face 03. This separates the lowermost ball from 
the string and retains the other balls above the 
blade in block 90 and tube 88 as the shuttle plate 
continues its stroke to the left, as viewed in Fig 
ures 2 and 3. During this movement of the shut 
tle plate, the slanting surface of passageway 04 
moves beneath the bottom ball causing it to move 
down passageway 04 and enter passageway 05 

5 in the shuttle plate. An adjustable stop 07 is 
provided threading into the right-hand end of 
block 90 which limits the movement of the cut 
off blade to the left, as viewed in Figure 3. 
When the shuttle plate moves to the right, as 

viewed in Figure 3, and is approaching the end 
of its stroke in that direction, the end portion 
f02a of feed plate f O2 strikes stop member of 
and thus carries the nose of cut-off blade 95 from 
the path of the balls feeding through block 90. 
The balls accordingly move downwardly, the 
lowermost ball striking, the flat surface fo3 of 
feed plate 02. On the return movement of the 
shuttle plate, the lowermost ball is again cut off 
from the string and fed into the grinding throat. 
As is best shown in Figures 2 and 9, the end of 

actuating pin 74 moves a slightly greater distance 
than the width of one ball beyond the beveled 
edge 39 of the work rest blade 22 when the shut 
tle plate 23 is at the end of its stroke to the right, 
as viewed in Figure 2. The ball which moves over 
the end of edge 39 falls downwardly between 
plates 108 and 69 (Figures 9 and 10) and enters 
a passageway to (Figure 2) in block secured 
to the rear face of bed plate 25. The balls pass 
ing from the end of passageway 0 drop into a 
trough f 2 by which they leave the machine. A 
resilient finger 8 (Figures 9 and 10) is mounted 
on bolt 14, and its upper end is positioned in 
mediately above the end of beveled edge 39 (Fig 
ure 9) of the work rest blade. This finger en 
gages the upper portions of the balls as they 
reach the end of the grinding throat and prevents 
more than one ball from leaving the grinding 
throat each time the shuttle moves to the right, 
as viewed in Figure 3, all as will be described 
hereinafter. In operation, each time the shuttle plate moves 
to the right, as viewed in Figure 2, the balls in the 
grinding throat are moved by actuating pin. 
against the end of actuating pin 74, and at the 
end of the stroke in this direction, the ball which 
has been pressed beyond finger 3 falls of the 
edge of the work rest blade and leaves the na 
chine, finger 3 holding the remainder of the 
balls on beveled edge 39. At this time, the end 
Ta of actuating pin 73 is positioned adjacent the 
left edge of passageway 05 as viewed in Figure 3. 
As the plate moves to the left as viewed in Fig 

ure 3, there is a lost motion period before the 
end of actuating pin T4 strikes the ball retained 



4. 
by finger 3 in the grinding throat, and as pin 
S is moving to the right during this lost motion 

period, a space is provided at the left-hand end 
of the train of balls. On the edge Of the WOrk rest 
blade. During this same movement a ball is cut 
off from the string of balls in block 90 and falls 
down into passageway 05 into this space. Thus, 
as the shuttle plate moves to the right, as viewed 
in Figure 2, a ball leaves the grinding throat, and 
as the shuttle moves to the left, a ball is added to 
the right-hand end of the train of balls passing 
therethrough. An opening 6 (Figures 3 and 
ill) is provided in the rear of passageway fos. 
This opening permits balls to escape from the 
shuttle plate, should they start to pile up therein 
due to failure of the feeding process. 
The hydraulic mechanism 24 (Figure 2) is 

mounted on the framework of the attachment 
by supports 22 and 222 which are secured to 
the bed plate 25 and transverse plate 29, respec 
tively. Shuttle plate 23 (Figure 3) is driven by 
a piston rod 12 which is connected to piston 20 
of hydraulic mechanism. 24. This rod is connect 
ed to the shuttle plate by a swivel joint 22 and 
is connected to piston 20 by nut f 23. The re- 9 
ciprocating. movement of piston 20 in its cylin 
der 24 is controlled by the hydraulic control 
System diagrammatically shown in Figure 8. A 
pilot valve, generally indicated at 27, which con 
trols a reversing valve, generally indicated at 
28 (Figure 3), which in turn controls piston 2), 

is mechanically operated by shuttle plate 23. 
Referring to Figure 7, a shifter rod 29 extends 

through a hole in vertical support 27. This rod 
is prevented from rotating within the support 
by a set screw 30 and has adjustable shoulders 
if and 32 secured to its opposite ends. It will 
be noted that the end of set screw 30 engages 
a slot in shifter rod f 29, thus permitting move 
ment of the shifter rod transversely of vertical 
Support 27. Shoulder 3 engages a slot 33 
in the end of the stem 34 of pilot valve 27 and 
shoulder 32 extends forwardly from rod 29 
and is positioned in the path of the end plate 26 
of shuttle plate 23. 
moves to the right, as viewed in Figures 3 and 7, 
end plate 26 strikes shoulder 32 and moves 
the pilot valve stem 36 to the right through 
shifter rod 29 and shoulder 3, thus changing 
the setting of the pilot valve. When the shuttle 
plate moves in the opposite direction and ap 
proaches the end of its stroke, an adjustable stop 
25 on end plate 28 strikes the end of the pilot 
Valve stem, 34 and moves it to the left to reverse 
the position of the pilot valve. Accordingly, 
movement of the shuttle plate to the left or 
right, as viewed in Figures 2 and 3, controls the 
movement of the pilot valve, and as the shuttle 
plate approaches the end of its stroke in either 
direction, the pilot valve is shifted to reverse the 
action. 

Referring now to Figure 1, a casing, generally 
indicated at 35, is shown which contains a pump, 
a relief control valve, and a sump. From this 
casing, pressure and sump conduits 36 and 37, 
respectively, enter a stop control valve 38. A 
pair of flexible conduits 39 and 40 connect stop 
control valve f38 with hydraulic control mecha 
nism 24. 
As best shown in Figure 8, a pump 4f pumps 

the hydraulic fluid from sump. 42 to stop control 
valve 38 through conduit 36. In conduit 36 
between pump 4 and stop control valve 38 a. 
relief valve f43 is provided to insure a constant 
pressure. When stop control valve is in its 

Thus, as the shuttle plate . 

5 
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'on' position, as indicated by the dotted lines 
44, conduit 36 is connected to pressure conduit 
39. This conduit enters the center portion of 
both pilot valve f27 and reversing valve 28. 
Sump conduit 137, which connects stop control 
valve 38 to the sump, at this time is connected 
to sump conduit 40 which in turn is connected 
to ports 145 and 46 of pilot valve 27 and ports 
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47 and 48 of reversing valve 28. A pair of 
conduits 49 and 50 connect reversing valve 
28 to the cylinder within which piston 20 is 

positioned, and a pair of conduits fs and 152 
connect pilot valve 27 to reversing valve 128. In 
conduits 5 and 52 are check valves 53 and 
54 which permit the hydraulic fluid to flow from 

the pilot valve 27 to the reversing valve 28 but 
prevent flow in the opposite direction. These 
check valves are by-passed by choke coils 55 and 
56 for purposes to be disclosed more fully here 

inafter. 
In operation, when piston 20 has moved shut 

tle plate 23 to the right, as viewed in Figure 2, 
its end plate 26 (Figure 7) moves the pilot valve 
stem 34 to the right to the position shown in 
Figure 8. It will be noted that the pilot valve 27 
has an enlarged central spool 57 which provides 
a pressure differential and makes the valve Self 
actuating after the spool passes the center pres 
sure port 58. 
After the pilot valve has been moved to the 

right into the position shown in Figure 8 by end 
plate 26 (Figure 7), pressure from conduit (39 
entering the pilot valve through port 58 leaves 
this valve through conduit 5, passes check 
valve 53, and enters port 70 of the reversing 
valve. The pressure fluid entering this port 
moves the reversing valve to the right to the 
position shown in Figure 8. Hammering of this 
valve against the end of the cylinder housing is 
prevented by choke coil 56 which delays the 
flow of the pressure fluid from the opposite end 
of the cylinder. The fluid leaving this valve 
passes through conduit 52 to pilot valve 2 and 
thence to the sump through port 46 and Sump 
conduit f40. 
When the reversing valve is in the position 

shown in Figure 8, pressure fuid entering revers 
ing valve 28 through port 60 passes out through 
port 78 of the reversing valve into conduit f49. 
As this conduit enters the right-hand end of the 
cylinder enclosing piston 20, piston 20 and 
shuttle plate 23 move to the left, as viewed in 
Figure 2. 
As the shuttle plate approaches the end of its 

stroke to the left, as viewed in Figure 2, adjust 
able stop 25 (Figures 3 and 7) engages the end 
of pilot valve stem (34. This moves the spool 57 
(Figure 8) of the pilot valve to the left of pres 
sure port 58. This places pressure port 58 in 
communication with conduit 52 which causes 
the pressure fluid to move the reversing valve 28 
to the left, as viewed in Figure 8. This places 
pressure port 60 in communication with conduit 
50 which causes the pressure fluid to enter the 

right-hand end of piston cylinder 24, thus caus 
ing piston 20 to move the shuttle plate to the 
right, as viewed in Figure 2. 
Thus, shuttle plate 23 is moved with a recip 

rocating action by the hydraulic mechanism gen 
erally indicated at 24, and this movement is di 
rectly controlled by the shuttle plate through the 
tripping mechanism shown in Figure 7. The rate 
of reciprocation of the shuttle plate may be con 
trolled by regulating the pressure of the fluid in 
the hydraulic system through pressure relief valve 
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43 (Figure 8). It has been found that two hun 

dred cycles of reciprocation per minute of the 
shuttle plate 23 are desirable in practice. When 
an attachment of this type is used, it has been 
found that a series of machines may be used to 
grind balls from a rough state down to a finished 
product, all according to the type of grinding being 
done by the machine. . 
As is best shown in Figure 7, the length of the 

stroke of the shuttle plate may be adjusted by 
adjusting the position of shoulders 3 and 32 
on shifter rod 29. Preferably the advancing 
movement of the balls is equivalent to approxi 
mately the circumference of a ball during the 
movement of the shuttle plate to the right, as 
viewed in Figure 2. This gives each ball one com 
plete revolution during the movement of the 
shuttle plate in this direction. As a ball leaves 
the train of balls supported by the work rest blade 
at the end of this stroke, and as there is a lost 
motion period between the time the end of actuat 

5 
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ing pin T4 engages the ball at the right-hand edge 
of the work rest blade on the return stroke of 
the shuttle, the return movement of the balls is 
equal to approximately two-thirds of their cir 
cumference, although the strokes of the shuttle 
plate in either direction are equal. Accordingly, 
the train of balls advances approximately the 
diameter of one ball for each reciprocation of the 
shuttle plate. The actual movement of the shuttle 
plate is preferably slightly greater than the 
amounts given hereinabove because sufficient lost 
notion must be introduced to compensate for 
eccentricities in the balls in the train on the work 
rest blade. 

In operation, balls are fed into the feeding tube 
88 (Figures 2 and 3) and are fed into the train of 
balls on the work rest blade one at a time as 
described hereinabove. This is controlled by the 
reciprocation of the shuttle plate. During each 
reciprocation a ball is ejected from the train as 
described hereinabove. As the balls pass through 
the grinding throat, the regulating wheel (Fig 
ure I) rotates the balls, and the grinding wheel 
removes stock from them as irregularities or 
excess metal of the balls are presented. In the 
removal of stock the grinding wheel tends at any 
given instant to cut along the line of a great circle, 
but the simultaneous rotation about another axis 
continually changes the direction of the great 
circle along which the cutting takes place. Thus 
the total effect on the balls, as they are passed 
through the throat rotated by the shuttle results 
in a true sphere whose surface is completely de 
fined by the continuous cutting along lines at a 
constant radius from the center of the sphere. 
Metal is never removed below the exact diameter 
of the sphere, for that diameter is determined by 
the distance from the grinding surface to the co 
acting point on the regulating wheel. In like 
manner, the metal in no direction and at no 
point exceeds this precise diameter, for such 
metal is ground away by the cutting action which 
has been brought to bear upon every point on the 
surface of the sphere during the travel of the 
balls through the throat of the machine. 

It will thus be seen that a thoroughly efficient 
and practical method and apparatus for grinding 
balls. On a centerless grinding machine has been 
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Thus, the several objects mentioned herein 

above, as well as many others, are successfully 
and practically accomplished by the method and 
apparatus disclosed herelnabove. 
AS many possible embodiments may be made 

of the mechanical features of the above inven 
tion, and as the art herein described might be 
varied in various parts, all without departing 
from the scope of the invention, it is to be under 
stood that all matter hereinabove set forth, or . 
shown in the accompanying drawings, is to be 
interpreted as illustrative and not in a limiting 
Sense. 
We claim: 
1. In apparatus of the nature described, in 

combination, a grinding wheel and a regulating 
wheel forming a grinding throat, work rest means 
for Supporting a train of balls in said grinding 
throat, and means for moving said balls with a 
reciprocating movement transverse to the faces 
of said wheels as said balls move through said 
grinding throat. 

2. In apparatus of the nature described, in 
combination, a grinding wheel, a regulating wheel 
for rotating a train of balls in the grinding throat . 
formed between the grinding and regulating 
wheels in a direction toward the grinding wheel, 
means for Supporting Said balls in Said grinding 
throat, and reciprocating shuttle means for ro 
tating said balls in directions transverse to the 
direction of rotation of said wheels as said balls 
pass through said grinding throat. 

3. In apparatus of the nature described, in 
combination, a grinding wheel, a regulating wheel 
for rotating a train of balls in the grinding throat 
formed between the grinding and regulating 
'wheels in a direction toward the grinding wheel, 
means for supporting said balls in said grinding 
throat in substantially a straight line with re 
spect to each other, means other than said wheels 
for causing the rotation of said balls in a direc 
tion transverse to the direction of rotation of 
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disclosed. The apparatus is in the form of an 
attachment which may be installed on standard 
centerless grinding machines having flat wheels. 
This results in a material saving of abrasive 
material, more efficient operation, and balls 
which are accurately ground. 
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said wheels during the grinding of said balls in 
said grinding throat, and means to prevent said 

5 balls from moving upwardly out of said grinding 
throat as they move therethrough. 

4. In apparatus of the nature described, in 
combination, a grinding wheel, a regulating wheel 
for rotating a train of balls in the grinding throat 
formed between the grinding and regulating 
wheels in a direction toward the grinding wheel, 
means for supporting said balls in said grinding 
throat, reciprocating actuating means for rotat 
ing said balls in directions transverse to the direc 
tion of rotation of said wheels as said balls pass 
through said grinding throat, and means to pre 
vent said balls from moving upwardly out of said 
grinding throat as they move therethrough. 

5. In apparatus of the nature described, in 
combination, a grinding wheel and a regulating 
wheel forming a grinding throat therebetween, 
said grinding and regulating wheels having 
straight operative faces, work rest means hav 
ing a substantially straight work supporting edge, 
means for feeding balls onto said work rest means 
adjacent one edge of said grinding wheel, means 
for removing balls from said work rest means 
adjacent the other edge of said grinding, wheel, 
and actuating means for moving said balls 
through said grinding throat and causing then 
to rotate transversely to the direction of rotation 
imparted to said balls by said regulating wheel 
during the actual grinding of said balls. in said 

s 
throat. . 

6. In apparatus of the nature described, in 



6 
combination, a grinding wheel and a regulating 
wheel forming a grinding throat therebetween, 
work rest means, means for feeding balls onto said 
work rest means adjacent one edge of said grind 
ing wheel, means for removing balls from said 
work rest means adjacent the other edge of said 
grinding wheel, actuating means for moving said 
balls through said grinding throat and for caus 
ing them to rotate transversely to the direction of 
rotation of Said wheels, and retainer means po 
sitioned above said work rest means for prevent 
ing the balls from moving upwardly out of the 
grinding throat. 

7. In apparatus of the nature described, in 
combination, a grinding wheel and a regulating 
wheel forming a grinding throat therebetween, 
Work rest means, means for feeding bails onto 
Said Work rest means adjacent one edge of said 
grinding wheel, means for removing balls from 
Said Work rest means adjacent the other edge of 
said grinding wheel, actuating means for mov 
ing said balls through said grinding throat and 
for causing them to rotate transversely to the 
direction of rotation of said wheels, and retainer 
meanspositioned above said work rest means for 
preventing the balls. from moving upwardly out 
of the grinding throat, said retainer means and 
said work rest means being adjustable toward 
and from each other. 

8. In apparatus of the nature described, in 
combination, a grinding wheel and a regulating 
wheel forming a grinding throat therebetween, 
work rest means, means for feeding balls onto said 
Work rest means adjacent one edge of Said grind 
ing wheel, means for removing balls from Said 
work rest means adjacent the other edge of said 
grinding wheel, reciprocating actuating means for 
causing said balls to rotate in directions to the 
right and left of the direction of rotation im 
parted to said balls by said regulating wheel, and 
means for causing the movement of said balls 
through said grinding throat, 

9. In apparatus of the nature described, in 
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means transverse to the direction of rotation of 
Said wheels, and retaining means positioned above 
Said train of balls to prevent movement of said 
balls upWardly out of the grinding throat. 

12. In apparatus of the nature described, in 
combination, a grinding wheel and a regulating 
wheel having a grinding throat formed therebe 
tween, means for supporting a train of balls in 
said grinding throat, a shuttle plate, means for 
moving Said shuttle plate with a reciprocating 
action, means On said shuttle plate for acting 
against the ends of the train of balls positioned 
in said grinding throat, whereby said balls are 
rotated in both directions by said actuating 
means transverse to the direction of rotation of 
said wheels, and retaining means positioned above 
Said train of balls to prevent movement of said 
balls upwardly out of the grinding throat, said 
Work Supporting means and Said retaining means 
being adjustable toward and from each other, 
whereby the position of said balls in said grinding 
throat may be varied to accommodate balls of 
different sizes. 

13. In apparatus of the nature described, in 
combination, a grinding wheel, a regulating wheel 
for rotating a ball positioned in the grinding 
throat formed between the grinding and regul 
lating wheels, said ball being rotated by said regul 
lating wheel in a direction toward said grinding 

30 wheel, and reciprocating shuttle means acting 
upOn Said ball to rotate said ball in directions 
transverse to the direction of rotation of said 
wheels. 
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combination, a grinding wheel and a regulating . 
wheel forming a grinding throat therebetween, 
a work rest blade positioned transversely of the 
face of said grinding wheel and adapted to Sup 
port a train of balls in said grinding throat, a 
reciprocating shuttle adapted to move trans 
versely of the face of said grinding and regulat 
ing wheels, and means on said shuttle for caus 
ing said balls to rotate in directions transverse 
to the direction of rotation of said wheels. 

10. In apparatus of the nature described, in 
combination, a grinding wheel; and a regulating 
wheel having a grinding throat formed therebe 
tween, means for supporting a train of balls in 
said grinding throat, a shuttle plate, means for 
moving said shuttle plate with a reciprocating 
action, and means on said shuttle plate for acting 
against the ends of the train of balls positioned 
in said grinding throat, whereby said balls are 
rotated in both directions by said actuating means 
transverse to the direction of rotation of Said 
Wheels. , 
- 11. In apparatus of the nature described, in 
combination, a grinding wheel and a regulating 
wheel having a grinding throat formed therebe 
tween, means for supporting a train of balls in 
said grinding throat, a shuttle plate, means for 
moving said shuttle plate with a reciprocating 
action, means on said shuttle plate for acting 
against the ends of the train of balls positioned 
in said grinding throat, whereby said balls are 
rotated in both directions by said actuating 
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14. In apparatus of the nature described, in 
combination, a grinding wheel and a regulating 
wheel forming a grinding throat therebetween, 
work rest means for supporting balls in said 
grinding throat, means for feeding said balls into 
Said grinding throat, means to permit removal of 
Said balls from said grinding throat, and recip 
rocating means acting upon said balls in said 
grinding throat to move said balls in directions 
transverse to the faces of said wheels. 

15. In apparatus of the nature described, in 
combination, a grinding wheel and a regulating 
wheel forming a grinding throat therebetween, 
work rest means for supporting a train of balls 
in said grinding throat, means for feeding said 
balls into said grinding throat, means to permit 
removal of said balls from said grinding throat, 
and OScillating means acting upon the ends of 
Said train of balls in said grinding throat to move 
Said train of balls with a reciprocating movement 
transverse to the faces of said. Wheels. w 

16. In apparatus of the nature described, in 
combination, a grinding wheel and a regulating 
wheel forming a grinding throat therebetween, 
Work rest means for supporting a train of balls 
in said grinding throat, reciprocating means, and 
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means on said reciprocating means acting on the 
ends of Said train of balls on said work rest means 
to oscillate said train of balls transversely with 
respect to the faces of said wheels. . 

17. In apparatus of the nature described, in 
combination, a grinding wheel and a regulating 
wheel forming a grinding throat therebetween, 
Work rest means for supporting a train of bais 
in Said grinding throat, reciprocating means, 
means on said reciprocating means acting on the 
ends of Said train of balls on said work rest 
means,to oscillate said train of balls transversely 
with respect to the faces of said wheels, and 
means to prevent said balls from moving upwardly 

5 
out of said grinding throat during the oscillation 
Of said train of balls. - ... 

: . . 
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18. In apparatus of the nature described, in 
combination, a grinding wheel and a regulating 
wheel forming a grinding throat therebetween, 
Work rest means for supporting a train of balls 
in said grinding throat, reciprocating shuttle 
means for moving said train of balls in direc 
tions transverse to the faces of said wheels, hy 
draulic means for driving said shuttle means, and 
tripping mechanism operated by said shuttle 
means for controlling the direction of movement 
and length of stroke of Said hydraulic driving 
means. V 

19. In apparatus of the nature described, in 
combination, a grinding wheel and a regulating 
wheel forming a grinding throat therebetween, 
work rest means for supporting a train of balls 
in said grinding throat, reciprocating shuttle 
means for moving said train of balls in directions 
transverse to the faces of said wheels, means 
controlled by movement of said shuttle means for 
feeding balls to said train of balls, and means 
controlled by said shuttle means for removing 
balls from said train of balls. w 
20. In apparatus of the nature described, in 

combination, a grinding wheel and a regulating 
wheel forming a grinding throat therebetween, 
work rest means for supporting a train of balls 
in said grinding throat, reciprocating shuttle 
means for moving said train of balls in direc 
tions transverse to the faces of said wheels, 
means controlled by movement of said shuttle 
means for feeding balls to said train of balls, 
means controlled by said shuttle means for re 
moving balls from said train of balls, and means 
on said shuttle means for retaining said balls in 
said grinding throat, 

21. The herein described 
the steps of, supporting a plurality of balls, 
grinding said balls in the general direction of 
the means by which said balls are supported, 
applying a rotating force to said balls in sub 
stantially the opposite direction on sides sub 
stantially opposite to the sides being ground, and 
moving said balls during said grinding with a 
reciprocating action transverse to the direction 
of said grinding. 

22. In apparatus of the nature described, in 
combination, a grinding wheel and a regulating 
wheel having a grinding throat therebetween, 
said grinding wheel and said regulating wheel 
having substantially straight operative faces, 
means for supporting a train, of balls in said 
grinding throat in a substantially straight line 
with respect to each other, and means for caus 
ing rotation of said balls in a direction trans 
verse to the direction of rotation of said wheels 
as said balls are being ground in said grinding 
throat, 

art which includes 
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23. In apparatus - of the nature described, in 

combination, a grinding wheel and a regulating 
wheel having a grinding throat therebetween, 
said grinding wheel and said regulating wheel 
having substantially straight operative faces, 
means for supporting a train of balls in said 
grinding throat in a substantially straight line 
with respect to each other, and means for caus 
ing rotation of said balls in directions trans 
verse to the direction of rotation of said wheels 
as said balls are being ground in said grinding 
throat, 
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24. In apparatus of the nature described, in 
combination, a grinding wheel and a regulating 
wheel forming a grinding throat, said grinding 
wheel and regulating wheel being adjustable to 
ward and from each other, work rest means for 
supporting a train of balls in Said grinding 
throat, said work rest means being adjustable 
upwardly and downwardly in said grinding 
throat, and means for moving said balls with a 
reciprocating movement transverse to the faces 
of said wheels as said balls pass through said 
grinding throat, 

25. The herein described art which includes 
the steps of, supporting a train of balls in a 
grinding throat formed between a grinding wheel 
and a regulating Wheel, grinding Said balls in the 
general direction of the means by which said balls 
are supported, said regulating wheel rotating 
said balls to move their surfaces adjacent the 
grinding wheel in substantially the same direc 
tion as the adjacent, surface of the grinding 
wheel, and moving said train of balls during 
grinding in directions transverse to the direc 
tion of rotation of said wheels with a reciprocat 
ing action and with an excess of forward move 
ment to successively move said balls through and 
out of Said grinding throat. . 

26. The herein described art Which includes 
the steps of, Supporting a plurality of balls in a 
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grinding throat formed between a grinding wheel 
and a regulating wheel, grinding said balls in 
the general direction of the means by which Said 
balls are supported, said regulating wheel rotat 
ing said balls to move their surfaces adjacent the 
grinding wheel in substantially the same direc 
tion as the adjacent surface of the grinding 
Wheel, feeding balls during grinding to said 
grinding throat, removing balls during grinding 
from Said grinding throat, and during grinding 
moving said balls with a reciprocating action 
transverse to the faces of said wheels. 
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