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UNITED STATES PATENT OFFICE 
2,554,079 

METHOD AND APPARATUS FOR, CONTINU 
OUSFORM GRENDING 

John C. Wilson, Springfield, Ohio, assignor to 
The Thompson Grinder Company, Springfield, 
Ohio, a corporation of Ohio 
Application June 10, 1948, Serial No. 32,123 

(C. 5-6) 2. Cainas, 

The present invention deals with the grinding 
of certain articles intended to have a predeter 
mined form, and is concerned primarily with the 
method and apparatus designed to provide a 
Continuous process. 
At the present time modern manufacturing 

processes call for the production of a large null 
ber of articles all of the same size and shape and 
which are intended to have a final finished form 
which can be achieved only by grinding. 

The present invention is predicated on the be 
lief that manufacturing costs may be consider 
ably reduced if the grinding of Such articles is 
carried out as a continuous method. 
The present invention has in View as its fore 

most objective the provision of a continuous 
grinding process which is characterized by the in 
clusion of the step, of firmly positioning an arti 
cle in an desired predetermined position as it 
passes a grinding station. This insures that the 
grinding will produce the proper form. 

Still another object of the present invention 
is the provision of a method of the character 
above indicated which includes the steps of ini 
tially loading the articles to be ground on a con 
tinuously moving conveyor, firmly positioning the 
articles as they pass the grinding station, and 
then releasing the articles to permit their dis 
charge from the conveyor. 
Various other more detailed objects and advan- ; 

tages of the invention that are associated with 
the method itself will in part become apparent 
and in part be hereinafter stated as the descrip 
tion proceeds. 
Another highly important object of the present 

invention is the provision of apparatus intended 
to effect continuous grinding and which consists 
essentially of a grinding Station and an endeSS 
conveyor for taking the articles to be ground 
and moving then past the grinding station. 
More in detail the invention has as an object 

the provision of apparatus of the type indicated 
which includes an endless conveyor provided with 
a plurality of work-holding units. Each of these 
units is designed to receive one or more of the 
articles to be ground. 
Another highly important object of the in 

vention is the provision, in continuous apparatus 
of the type indicated, of an endless conveyor hav 
ing work-holding units of the type indicated and 
with which are associated means for rigidly 
clamping the workpieces in position just before 
they reach a grinding station and which means 
is released at an appropriate point after the 
articles...have passed the grinding station-to-per 
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nit of their discharge from the work-holding. 
units. 
From the very nature of the operation being 

performed, it is highly important that each of 
the workpieces be properly positioned in the work 
holding unit as it passes the grinding station. 
If a Workpiece should not be properly positioned, 
either at a point immediately before it reaches 
the grinding station or at any time while the 
grinding operation takes place, it is desirable that 
the operation of the machine be immediately 
brought to a stop. Accordingly, a further object 
of the invention is the provision, in a continu 
Ous grinding apparatus of the character, afore 
Said, of a templet located immediately in advance 
of the grinding Station and having one or more 
openings exactly conforming to the shape of the 
workpieces and the position which they are to 
assume in the grinding operation. Operatively 
a SSociated with this templet is a control switch 
which Will be actuated to Stop, the operation if 
any Workpiece is not properly positioned as it 
passes through the templet. 
Another object of the invention is the provision 

in contil OS grindig apparatus of yieldable 
nears for holding the workpieces in position at 
the grinding station and which neans is oper 
atively connected with the control SWitch afore 
said. Thus, if any workpiece becomes displaced 
from its proper position during the grinding op 
elation, the init SWitch Will Stop the operation. 

In providing continuous grinding apparatus of 
the type with which this invention is concerned, 
it is important that the entire apparatus be under 
tine ready control of the operator, Not only is 
it important that the automatic Stops be pro 
vided as above indicated, but the operator inst 
be able to reverse the operation. So as to jog 
back any. Workpiece which night be displaced 
and ren:ve the condition which has caused the 
machine to Stop. He niust be able to quickly 
Stat the achine in operation. 

Accordingly, another highly in portant object 
of the invention is the provision, in continuous 
grinding apparatus of the type aforesaid, of 
control devices which finay be availabie. nanually 
to Start or stop the machine, automatically stop 
it, if a workpiece is not property positioned, and 
provide a reverse opeiation, if necessay, fol' 
eliminating a condition which stopped the ria." 
chine 
Warious other more-detailed objects as ad 

vantages of the invention. Such as airise in con 
nection. with providing apparatus, which will 
carry out tie abcye oted: ideas, will in part 
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become apparent and in part be hereinafter 
stated as the description of the invention pro 
ceeds. 
The invention, therefore comprises a method 

and apparatus for carrying out a continuous 
grinding operation on a multiple of Workpieces 
intended to have a final finished size and shape 
that is achieved by grinding. 

For a full and more complete understanding 
of the invention reference inay be had to the 
following description and accompanying draw 
ings wherein: 

Figure 1 is a view in side elevation of con 
tinuous grinding apparatus designed in accord 
ance with the precepts of this invention; 

Figure 2 is another side view similar to Figure 
1 with outer casing parts removed and showing 
more particularly the endleSS COIWeyor; 

Figure 3 is an enlarged detailed view partly 
in section and partly in elevation of the driving 
mechanism at one end of the conveyor; 

Figure 4 is a similar view bringing out the 
takeup mechanism at the other end of the con 
veyor; 

Figure 5 is a fragmentary showing of a por 
tion of the conveyor at the botton bringing out 
the workpiece releasing and discharge action; 

Figure 6 is a transverse section taken normal 
to the showing of Figure 3 at the driving end, 
this view being taken about on the plane repre 
sented by the line 6-5 of Figure 3, : 

Figure 7 is an enlarged detailed transverse 
section through the work-holding units at the 
grinding station; 

Figure 8 is an enlarged detailed Section taken 
about on the plane represented by the line 8-8 
of Figure 7, 

Figure 9 is an enlarged detailed perspective 
view bringing out the position of the Workpieces 
just before they reach the grinding Station; 

Figure 10 is a perspective Similar to Figure 
9 but showing the workpieces immediately after 
they leave the grinding Station; 

Figure i is an enlarged detailed perspective 
of one workpiece which may be continuously 
ground by the method and apparatUS of this 
invention, 

Figure 12 is a diagrammatic illustration of the 
control circuit; and 

Figure 13 is a diagrammatic illustration of 
the hydraulic circuit used in controlling the hy 
draulic motor which drives the machine. 

General arrangement 
The general arrangement of a continuous 

grinding machine designed in accordance with 
the teachings of this invention is depicted in 
Figure i. 
A bed is shown at and this bed is adapted to 

rest on any suitable Support. Carried by the 
bed is a tahie and upstainding from the table 
ii is a supporting framework 2 which opera 
tively supports the endleSS conveyor and asso 
ciated instrumentalities. This endless conveyor 
is referred to generally by the reference 
character C. 
UpStanding from the table f is a column 3 

and Supported by the Column 3 is a Saddle A 
which is adjustable as to its height through the 
medium of a saddle extension 5 which is slidable 
in a way 8. A wheelhead is carried by the 
Saddle 4 and one or more grinding wheels are 
operatively mounted in the wheelhead . 
In the form of the invention illustrated in the 

drawings to gi. 
eratively idunited in the -wheelhead. Obviously 

grinding: wheels 8 and 9 are op: 
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4. 
on this particular number there is no limitation 
in the invention. Only a single wheel might be 
employed or a number in excess of two night be 
used, 
A handwheel is shown at 2) and is operatively 

connected to the saddle extension f3 through the 
broken line connections shown at 2:. This hand 
wheel is availed of as a means to raise and lower 
the wheelhead 7 in a manner well known in this 
art. 
The Wheels 8 and 9 may be driven from any 

appropriate source of power, although the inven 
tion has particularly in mind the use of an elec 
tric motor such as is represented diagrammati 
cally at 22 in Figure 12. The actual driving of 
the wheels is not a part of the present invention 
and is conforming with well known practice in 
this art. 
Referring now for the moment more particu 

larly to Figure 11, one type of Workpiece Which 
may be ground by the apparatus hereof is illus 
trated. It is to be understood that the particular 
size and shape of this workpiece has no limitatio;1 
of the invention. It is given purely for ex 
eimplary purpoSeS. 
The workpiece is designated W and in illus 

trated form is one of the vanes used in an air 
compressor of an electrical refrigerator. The 
workpiece W has a convex surface 23 and a con 
cave surface 24, both of which are to be finished 
by a grinding operation. Outstanding from the 
side of the workpiece W are the trunnions 25 
which, in the present instance, are used in con 
junction with the means for holding the work 
piece in position, as will be later described. 

The conveyor 
Referring now more particularly to Figures 2, 

3, 4, and 6, the endless conveyor C is shown as 
being in the form of a chain 23 which passes 
over sprockets 2 and 28. The Sprocket 28 is the 
driving sprocket as shown in Figure 3 and is driv 
ably mounted on a shaft 29 which also drivably 
carries a worn gear 39. Meshing With the worn 
gear 39 is a worn 3 that is drivably mounted on 
a shaft 32 that is carried by brackets 33. One 
end of the shaft 32 pirojects beyond the bracket 
33 and drivably mounted thereon is another 
Worm gear 33. Meshing with the worn gear 34 
is a worm 35 drivably mounted on a shaft 35. 
The shaft 36 is journaled in the Supporting struc 
ture 2 and its free end is drivably connected as 
by the driving connection shown at 3 to a hy 
draulic motor which is represented diagram 
natically at 38. Hydraulic motors are well 
known as such and the particular details thereof 
are not a part of this invention. It suffices to 
point out that the hydraulic motor 33 is effective 
through connection 37, shaft; 36, Worm 35, Worm 
gear 34, shaft 32, Worm 3, worn gear 36, and 
shaft 29 to drive the Sprocket 28. 

Referring now more particularly to the left 
hand Side of Figure 2 which is considered in con 
junction with Figure 4, it will be noted that the 
Sprocket 2 is nounted on a shaft, 39 that is 
journaled at each side in blocks 49 that are 
Slidably mounted between guides A that are 
anchored to the Supporting framework. Each 
block 46 carries a screw stem 42 which is passed 
through a nut 43 that is anchored to a part of 
the framework. Obviously the nuts 43 may be 
rotated to cause rectilinear movement on the 
part of the Shaft 42 and thus impart a similar 
novement to the blocks 48 and shaft, 39. Thus, 
a takeup for the chain 26 is provided. 

it will be noted that a pair of curved guides 
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44 are: located at each end of the machine' for 
as purpose now to. be:... described. The chain: 26 
carries a plurality of workholding units each of 
which is designated U. Each of the unitS.U. has 
a pair of ears. 45, depending... from the bottom 
thereof with each pair of ears pivotally con 
nected to one of the pivotal connections of the 
chain. 26, as shown at 46. Thus, each Workhold 
ing unit U is pivotally, mounted on... the chain. 
Each workholding unit: U. has a pair of side 
flanges. 47 extending outwardly from each side 
thereof which are received beneath the guides 
44 at each end of the machine and properly: guide 
the unit as the turn is being made. Each. Work 
holding unit U is designed to hold a pair of the 
workpieces Winside by side, relation: 
As is shown in Figure 6 one of the Workpieces 

W has its convex. Surface 23 in the uppernOst 
position in which it is exposed to the grinding 
wheel 8, the edge of which has a shape core 
responding to this convex. Surface. On the other 
hand, the next adjacent, Workpiece W has a coal 
cave Surface 24 exposed for cooperation. With the 
grinding wheel 9. 
As is pointed out more clearly in Figures 7 and 

8', each of the units Ulis, provided with a pair of 
ears 48 which upstand from the top.face thereof, 
each of which ears is formed with a notch at 49. 
There are a pair of ears 48 at each end of each 
block and a pair at the center of each block. 
Each notch 49 on the: ears at the end is intended 
to receive One of the trunnions 25 of the Work 
piece, while the notches, 49 on the central ears 
each receive the trunnions from the Workpieces 
On both sides thereof. A plunger 5 is aSSociated 
With each central ear 48. Each plunger 50 car 
ries a bill 5 at the top which cooperates. With 
the notch 49 in gripping...a trunnion 25. 
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Each plunger 50 is biased downwardly by an 
expansion coil spring. 52 which is disposed about 
the plunger and which engages a flange 53there 
on at one end and a shoulder 54 of the unit. U 
at the other end. At each end of the block there 
is a pair of plungers 9, each having, a bill adapted 
to cooperate with the notch 49 of an end ear 48 
with which each plunger is aSSociated. 
Each plunger 9 is cut away at one side and the 

unit U is correspondingly cut away to provide 
recesses 8 that accommodate springs. T that 
actuate the plungers 9. 
The lower end of the plungers 50. and 9 are 

rounded to provide surfaces at 55 which are 
adapted for cooperation, with a cam 35. The 
cam 56 is located in advance of the grinding 
station. Thus, as the plunger's 50 ride on to 
the cam, the bills 5 are upraised Which per 
mits of the positioning of the workpieces W with 
the trunnions 25 received in the notches 49. 
Just before the grinding station is reached the 
plungers ride off the cam. 56, whereupon the 
springs 52 and 7 urge the plunger's downwardly 
to cause the bills 5 to grippingly engage the 
trunnions 25 and firmly position the work. 

Referring now more particularly to Figure 5, 
it will be noted that another can 57 is located 
at the bottom of the framework 2 and has its 
cam face downwardly exposed. Also an endless 
conveyor for taking finished workpieces is shown 
at 58. After each unit U leaves the grinding 
station it passes around beneath the guides 44 
and as it approaches the cam 5 the rounded 
ends 55 of the plungers 50 and 9 ride onto the 
cam 57, thereby causing the bills 5 to become 
spaced from the notches 49 and to release the 
Workpieces, W. 
endless conveyor:58, “ . . . The latter, then fall onto, the 
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Automatic Stop. 

Referring, now more particularly to Figures 
10 and 11, the grinding station is represented 
generally by the reference character G. At the 
grinding Stations G the framework. Supports 
Spaced side bars 59 and 89, both of which are 
cut away to provide corner notches shown at 6 
that, accommodate the side flanges 47 of the 
units. U. Extending between the side bars 59 
and" 60 is a top plate 62 which is yieldably held 
in position by Springs 63. and headed studs 64. 
This cover 62 is provided with a pair of slots 
65, and 66. Which accommodate the grinding 
wheels 8 and 9. It is evident that if any of the 
Workpieces W are disarranged at the grinding 
Station G, that is beneath the cover 62, the lat 
ter may be moved upwardly as such movement 
is permitted. by the springs 63, and studs: 64 

A. Control SWitch is:-represented at 6 and may 
be of any type of control. Switch now well known 
to the electrical arts. The switch 6-includes, as 
its operating member, a plunger 68' which is-en 
gaged by an arm 89 drivably mounted on a shaft 
10. Also drivably carried by the shaft. To area, 
pair of arms if - which engage fingers. 2; which 
upstand from the cover 62. Thus, if the-cover 62 
is moved upwardly as by-the-disarrangement of a 
workpiece: W, one for both of the fingers 72 will 
be moved upwardly... to rotate the shaft 70 and 
thus: causes a... corresponding movement of the 
arms: 69. This causes operation of the plunger 
68-and-ithereby affects, the switch 67 to stop the 
operation of the machine in a manner to be later 
described. 
Depending from the shaft. 78. is a templet, 73 

that is formed with a pair of openings 74 and 
75°, designed-to-accurately-conform to the shape 
of the workpieces.W. in the position in which they 
are intended to a SSume in the grinding station. 
Thus, if each workpiece W is properly positioned 
it will pass: through the respective openings: 74 
and 75 without affecting the templet. However, 
should either of these pieces be not properly-po 
sitioned it will strike against the templet, the 
latter will swing, and the shaft 79 rocked to rena 
der the control SWitch Seffective. 

Hydraulic circuit 
Referring now more particularly to. Figures. 2 

and 13 the hydraulic circuit for controlling op 
eration of the motor 38 will be described. A four 
way valve is referred to in its entirety by the ref. 
erence. character W. It comprises a cylindrical 
casing 76 ... having heads ... and 78. Slidable in 

is the casing. 6 is a piston 9 formed with an an 
nular groove 80. A solenoid 8 has a plunger 82 
connected by a rod. 83 with the piston 78: Like 
wise, a second solenoid 84 has a plunger 85 con 
nected by a rod. 36 with the piston 79. The rods 
83 and 86 pass...through appropriate openings in 
the-heads , and 78. A pump for building up 
pressure is shown at 87. A service line '88, con 
n2cts the pump to the casing 76 substantially 
intermediate the ends thereof. A pressure tank 
is shown at 89 and is connected by a conduit 90 
to the pump 8. Another conduit 9 extends 
from the pressure tank- to conduits 92 and 93 
which lead into the casing 6 at ports on opposite 
sides of the piston 79 when the latter is equi 
distantly spaced between the heads 77 and 78. 
A. Service line-94 extends from one side' of the 

motor 38 to a port in the casing 6 and another 
service line: 95 extends from the other side of the 
motor to another port in the casing. When the 
piston 79 is in its midway position both the server 
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ice lines 94 and 95 are blocked off and the motor 
is inoperative. When the solenoid 8 is energized 
the piston 79 is shifted in one direction to cause 
the hydraulic medium under pressure to be Sup 
plied to the motor M and drive the latter in the 
normal direction of operation of the machine. 

It will be noted that a pair of Springs 96 and 
97 are associated with the plungers 82 and 85. 
Thus, when the solenoid 8 is de-energized these 
springs will return the piston 79 to its inter 
mediate motor stopping position. The Solenoid 
84 may be energized to impart a reverse drive 
to the motor M to give a jog back as Will be 
necessary when it is desired to straighten out a 
misplaced Workpiece. 

Control circuit 
Upon referring to Figure 12, it will be noted 

that a pair of power lines are represented at 
Li and L2. Extending between these power lines 
is a line 98 including a manually operable SWitch 
99 and a normally closed switch 00. Also in 
cluded in the line 98 is the motor 22 which drives 
the grinding wheels i8 and 9. It is evident that 
if both of the switches 99 and G are closed 
the motor 22 will be energized to drive the grind 
ing wheels. Another line Of extends across the 
power lines. Included in this line is a nor 
mally closed jog back switch 02, a manually 
operable switch 03, and a normally closed switch 
O4. It will be noted that the normally closed 

switch O4 is mechanically connected to the nor 
mally closed switch G0, so that when one is 
open the both are open. Both of these SWitches 
are mechanically connected as indicated by the 
broken line to a plunger 5 of a solenoid 6. 
The solenoid 106 is connected across the power 
lines by a line Oi going from one end of the 
plunger to the power line L2 and a second line 
O8 in which is included the SWitch 67 and a 

reset switch 09. An emergency stop Switch if 
is connected in to bypass the switch 67 and en 
ergize the coil le6 when it is desired to stop the 
machine. A holding blade is represented at if 
and is connected to the line 03 by lines f2 and 

3, to hold the machine in its stop condition 
until an undesirable condition has been elimi 
nated and it is desired to again start the machine 
in operation. 
The operation of the control circuit may be 

briefly described by noting that under normal 
conditions both the switches () and 94 are 
closed. When the operator is desirous of start 
ing the grinding wheels into operation he closes 
the SWitch 99 and this completes the circuit to the 
motor 22. When he is desirous of starting the 
endless conveyor in its Ordinary for Ward move 
ment the Switch 03 is closed. This energizes 
the coil 8?, whereupon the plunger 82 is affected 
to shift the piston 79 and affects the valve W to 
start, the motor 38 in the direction for normal 
operation of the machine. 

If Sone of the Workpiece W Should not be in 
proper position as it reaches, the templet 73 it 
will not pass through its respective openings 
and 75 and the templet will be swung on the Shaft 
O. A similar movement is imparted to the Shaft 
70 if any of the workpiece is improperly positioned 
beneath the cover 62. This rotation affects the 
switch 67 to close that Switch and completes the 
circuit to the coil 6. As the latter is energized 
the plunger 5 is actuated to open both of the 
Switches f and 104 and thereby stop the opera 
tion of the grinding Wheel and the motor 22 and 
de-energize the coil 8. As the latter is de-en 
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ergized the valve W is returned to its neutral posi 
tion, discontinuing the delivery of hydraulic 
power to the motor 38. Moreover, the holding 
plate completes the circuit across the lines 
2 and 3 to the coil its and maintains the Open 

condition of the Switches ) and 94. Should 
the operator be desirous of jogging the conveyor 
backwards so as to eliminate the undesirable 
condition, he depresses the jog back Switch 02. 
This switch instead of closing the line of now 
closes line 4 which includes the Solenoid 84. 
The latter affects the plunger 85 to shift the 
piston 79 of the valve W to operate the motor 38 
in a reverse direction. The operator will keep 
the Switch 02 depressed as long as the reverse 
rotation is desired. Release of the SWitch Will 
cause it to return to the position opening line 3 
and closing line Cf. When the machine is again 
ready for operation he first opens the reset switch 
09 so as to de-energize the coil 6. This per 

mits Switches O and 4 to return to their nor 
mally closed position and the machine Will again 
start into operation. If for any reason the oper 
ator should notice an energency condition. Which 
requires stopping of the machine he merely 
presses switch which has the same effect as 
the automatic control switch 6 because it com 
pletes the circuit to the coil 6 and thereby opens 
Switches ) and 0. 

Operation 
It is believed unnecessary to here go into a 

detailed operation of the machine because the 
same has been described in connection. With point 
ing out the functions of the Various elementS. 
It suffices to briefly outline the operation by not 
ing that as each workholding unit U comes to the 
cam 56 the rounded ends 55 engage the cam sur 
face to raise the plungers 59 and 9 and make each 
unit U ready for the reception of the Workpieces 
W. The latter are now properly positioned and 
as the rounded ends 55 of the pungers 5 and 9 
ride off the can the Workpieces are Securely 
gripped between the bilis 5 and the notches 49 
of the ears 48. In this position they go through 
the grinding station G and are subjected to the 
action of the grinding Wheels 8 and 9. After 
passing the grinding Station they paSS down to 
the under Side of the endless conveyor, where 
upon the can 57 releases the Workpieces and they 
fall onto the endless conveyor 53. Obviously, 
each workpiece will have to be passed through 
the Inachine twice So that both the Surfaces 23 
and 24 thereof may be ground. 
The machine is automatically stopped should 

any undesirable condition develop or the opera 
tOr may stop it should an emergency arise by 
availing of the Switch 0. 
While a preferred specific embodiment of the 

invention is hereinbefore Set forth, it is to be 
clearly understood that the invention is not to be 
limited to the exact methods, apparatus, and de 
Vices illustrated and described, because various 
modifications of these details may be provided 
in putting the invention into practice within the 
purview of the appended claims. 

claim: 
1. In continuous grinding apparatus, means 

forming a grinding Station, an endless conveyor 
arranged in a formation providing substantially 
parallel top and botton joined by a bend portion 
at each end, a piurality of workpiece holding 
units arranged in Series and pivotally connected 
to said conveyor, workpiece holding means on 
each of Said units including multiple camsur 
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faces engagement of which actuates Said holding 
imeans, cam means associated with the top of 
said conveyor immediately in advance of Said 
grinding station engageable: by the multiple cam 
surfaces of said holding units for rendering Said 
holding means effective at a predetermined point 
in advance of said grinding Station, can means 
engageable by said can surfaces for releasing 
said holding means and associated with the bot 
tom of said conveyor substantially adjacent one 
of said bend portions, and a conveyor for receiv 
ing workpieces released from the unit. 

2. In continuous grinding apparatus of the 
character described, a workpiece holding unit 
comprising a body memioer, an ear upstanding . 
from said body member and formed with a notch 
adapted to receive a portion of a workpiece to 
be positioned in said unit, a plunger reciprocably 
mounted in said body in close proximity to said 
ear, a bill on said plunger complemental to Said 
notch, and spring means, associated with said 
plunger and body member for urging Said bill 
toward said notch. 

3. In continuous grinding apparatus of the 
"character described, a workpiece holding unit 
icomprising a body member, an ear upstanding 
from said body member and formed with anotch 
adapted to receive a portion of a workpiece to be 
positioned in Said unit, a plunger reciprocably 
imounted in Said body in close proximity to Said : 
ear, a bill on said plunger complemental to Said 
notch, spring means aSSociated with said piunger 
and body member for urging said bill toward 
said notch, and a caim Surface on the lower end 
of Said plunger adapted for cooperation. With a 
can to raise said plunger against the influence 
of said Spiring means. 

4. In continuous grinding apparatus of the 
character described, a workpiece holding unit 
comprising a body member having an ear up 
'standing from each end thereof and a central 
ear substantially...in alignment with the first two 
Sears, each of -said ears being formed With a 
inotoh, a plurality of plungers operatively car 
ried by said body member, there being a plunger 
asSociated with each ear, each of Said plungers 
having a bill complemental to the notch in the 
respective ear, and spring means associated with 
said plunger, and body member for urging said 
plungers in a direction moving said bills toward 
said notches. 
5. In continuous grinding apparatus of the 

character described, a workpiece holding unit 
comprising a body member having an ear up 
standing from each end thereof and a central 

i ear substantially in alignment with the first two 
fears, each of said ears being formed with a notch, 
a plurality of plungers operatively carried by 
'said body member, there being a plunger asso 
-ciated with each ear, each of said plungers hav 
sing a bill complemental to the notch in the re 
spective ear, spring means associated with said 
..plunger and body member for urging said plung 
rers in a direction moving said bills toward said 
notches, and a cam Surface on the lower end of 
each plunger adapted to be engaged by a cam 
means to l'aise the respective plunger against 
the influence of Said spring-means. 

6. In continuous grinding apparatus, a work 
piece holding unit comprising a body member, a 
pair of ears upstanding from said body member 
at each end thereof and a third pair of ears up 
standing from the body member substantially 
Imidway between the ears at each end and in 
alignment therewith, each of said 'ears being 
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formed with a notch adapted to receive a portion 
of a workpiece, a plunger operatively associated 
with each ear, a bill on each plunger comple 
mental to the respective notch, a Spring for each 
plunger normally urging said plunger in a direc 
tion moving said bill toward said notch, and a 
cam surface at the end of each plunger remote 
from said bill. 

7. In continuous grinding apparatus, a grind 
ing station including a grinding wheel and means 
for driving said grinding wheel, an endleSS Con 
veyor, means for driving said endless conveyor, 
a plurality of workpiece holding units arranged 
in series on said endless conveyor, holding means 
on each of said units adapted to grippingly en 
gage a workpiece and properly position the Same 
with respect to said grinding wheel, a control 
switch controlling the operation of Said driving 
means for said grinding Wheel and Said conveyor, 
a templet located in advance of said grinding 
station and having an opening through which 
a properly positioned Workpiece is adapted to 
pass, and operative connections between said ten 
pet and said switch whereby said templet is 
affected by an improperly positioned workpiece 
to operate said switch and discontinue the drive 
to said grinding wheel and conveyor. 

8. In continuous grinding apparatus, a grind 
ing station including a grinding wheel and means 
for driving said grinding wheel, an endless con 
veyor, means for driving said endless conveyor, 
a plurality of workpiece holding units arranged 
in series on said endless conveyor, holding means 
on each of said units adapted to grippingly en 
gage a workpiece and properly position the same 
'with respect to said grinding wheel, a control 
switch governing the operation of said grinding 
-wheel and conveyor, a top plate adapted to cover 
-workpieces at said grinding station, said plate 
being yieldably held in position and operatively 
connected to said switch whereby an improperly 
positioned Workpiece at said grinding station 
raises said plate to affect said Switch to dis 
continue the drive to said grinding wheel and 
conveyor. 

-9. In continuous grinding apparatus, a grind 
ing station including a grinding wheel and means 
for driving said grinding wheel, an endless con 
veyor, means for driving said endless conveyor, 
a plurality of workpiece holding units arranged 
in series on said endless conveyor, holding means 
on each of said units adapted to grippingly en 
gage a workpiece and properly position the same 
with respect to said grinding wheel, a control 
switch governing the operation of said grinding 
wheel and said conveyor, instrumentalities lo 
cated in advance of said grinding station opera 
tively connected to said control switch and re 
sponsive to an improperly positioned workpiece 
to affect said control switch to discontinue the 
drive to said grinding wheel and conveyor, and 
additional instrumentalities located at said grind 
ing station operatively connected to said switch 
and responsive to an improperly positioned work 
piece at said grinding station to affect said switch 
to discontinue the drive to said grinding wheel and conveyor. 

10. In continuous grinding apparatus of the 
character described the combination of an end 
less conveyor, a hydraulic motor for driving said 
conveyor, a four-way valve controlling the opera 
tion of Said motor, said valve including a piston 
which normally assumes an intermediate neutral 
position cutting off the delivery of fluid under 
pressure to said motor, and means selectively 
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operable for moving said piston in either direc 
tion to cause the delivery of hydraulic medium 
under pressure to said motor in a proper direc 
tion to cause movement of said conveyor in any 
desired direction. 

11. In continuous grinding apparatus of the 
character described the combination of an end 
less conveyor, a hydraulic motor for driving Said 
conveyor, a four-way valve assembly for control 
ling the operation of said motor, said assembly 
comprising a cylinder, a piston in Said cylinder 
normally assuming an intermediate position 
therein discontinuing the delivery of hydraulic 
medium under pressure to said motor, a Solenoid 
having a plunger operatively connected to Said 
piston for moving said piston in one direction 
to cause hydraulic medium under pressure to be 
delivered to said motor to drive Said conveyor 
in one direction, and a second Solenoid including 
a plunger operatively connected to said piston 
for moving it in an opposite direction to cause 
said hydraulic medium under pressure to be de 
livered to said motor in an opposite direction 
and cause movement of said conveyor in an Op 
posite direction. 

12. In a continuous grinding apparatus of the 
character described the combination of an end 
less conveyor, a hydraulic motor for driving Said 
conveyor, a four-way valve assembly for con 
trolling the operation of Said motor, Said aSSembly 
comprising a cylinder, a piston in Said cylinder 
normally assuming an intermediate position 
therein discontinuing the delivery of hydraulic 
medium under pressure to Said motor, a Solenoid 
having a plunger operatively connected to Said 
piston for moving Said piston in One direction to 
cause hydraulic medium under preSSure to be de 
livered to Said motor to drive Said conveyor in 
one direction, a second Soleinoid including a 
plunger operatively connected to Said piston for 
moving it in an opposite direction to CauSe Said 
hydraulic medium under pressure to be deliv 
ered to Said motor in an opposite direction and 
cause novement of Said conveyor in an opposite 
direction, and Spring means associated with each 
of said Solenoids for causing Said piston to as 
sume its intermediate position upon deenergiza 
tion of Said Solenoids. 

13. In continuous grinding apparatus, a grind 
ing Station including a grinding wheel and an 
electric motor for driving Said Wheel, an endless 
conveyor, a hydraulic motor for driving Said con 
veyor, a hydraulic circuit for Said motor includ 
ing a control valve having a pair of Solenoids as 
sociated therewith, and an electrical circuit for 
controlling the operation of Said grinding wheel 
motor and Said hydraulic motor, said circuit in 
cluding a manually operable Switch for said 
grinding Wheel motor, a manually operable SWitch 
for energizing the Solenoid Which causes opera 
tion of said hydraulic motor to move it in its 
normal direction of operation, a pair of normally 
closed Switches included in the circuits to Said 
motor and Solenoid, another solenoid having a 
plunger mechanically connected to Said normally 
closed Switches, and a control Switch in the cir 
cuit to Said last mentioned Solenoid operatively 
connected with instrumentalities located at said 
grinding station to automatically energize said 
last mentioned Solenoid as an incident to the im 
proper positioning of a workpiece and thereby 
open both of the said normally closed switches 
and discontinue the operation of Said grinding 
wheel motor and Said hydraulic motor. 
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14. In continuous grinding apparatus, a grind 

ing station including a grinding wheel and an 
electric motor for driving said wheel, an endless 
conveyor, a hydraulic motor for driving Said Con 
veyor, a hydraulic circuit for said motor includ 
ing a control valve having a pair of Solenoids as 
sociated therewith, and an electrical circuit for 
controlling the operation of said grinding wheel 
motor and said hydraulic motor, Said circuit in 
cluding a manually operable Switch for said 
grinding wheel motor, a manually operable Switch 
for energizing the solenoid which causes opera 
tion of said hydraulic motor to move it in its nor 
mal direction of operation, a pair of normally 
closed switches included in the circuits to said 
motor and solenoid, another Solenoid having a 
plunger mechanically connected to Said normally 
closed switches, a control switch in the circuit to 
said last mentioned solenoid operatively con 
nected with instrumentality located at Said 
grinding station to automatically energize Said 
last mentioned solenoid as an incident to the 
improper positioning of a workpiece and thereby 
open both of the said normally closed Switches 
and discontinue the operation of Said grinding 
wheel motor and said hydraulic motor, and an 
emergency stop switch also included in the cir 
cuit to said last mentioned solenoid to energize 
said solenoid and open both of Said normally 
closed switches should an emergency condition 
arise. 

15. In continuous grinding apparatus, a 
grinding station including a grinding wheel and 
an electric motor for driving Said wheel, an end 
less conveyor, a hydraulic motor for driving Said 
conveyor, a hydraulic circuit for Said motor in 
cluding a control valve having a pair of Solenoids 
associated therewith, and an electrical circuit for 
controlling the operation of Said grinding wheel 
motor and said hydraulic motor, Said circuit in 
cluding a manually operable Switch for Said 
grinding wheel motor, a manually operable 
switch for energizing the Solenoid which causes 
operation of said hydraulic motor to move it in its 
normal direction of operation, a pair of normally 
closed switches included in the circuits to Said 
motor and Solenoid, another Solenoid having a 
plunger mechanically connected to Said normally 
closed switches, a control switch in the circuit 
to said last mentioned Solenoid operatively Con 
nected with instrumentalities located at Said 
grinding station to automatically energize Said 
last mentioned Solenoid as an incident to the im 
proper positioning of a workpiece and thereby 
open both of said normally closed Switches and 
discontinue the operation of said grinding wheel 
motor and Said hydraulic motor, a holding blade 
carried by the plunger of said last mentioned Sole 
noid and adapted to complete the circuit thereto 
to hold both of Said normally closed SWitches 
open, and a jog-back Switch adapted to energize 
the other of the Solenoids aSOSciated with said 
valve to cause said hydraulic motor to move said 
Conveyor in a direction opposite to its normal di 
rection of operation. 

16. In the art of continuous grinding the meth 
od which includes the steps of (a) delivering 
workpieces to recesses in a continuously moving 
Support; (b) providing a limited free travel path; 
(c) interrupting movement of the support in 
event Workpieces fail to seat properly in said re 
ceSSes and extend beyond the limits of the free 
travel path; (d) abrading the upper surface of 
Supported pieces during a portion of the travel 
of said support; and (e) automatically interrupt 
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ing movement of Said Support in event work 
pieces become demounted by abrading action. 

17. In apparatus for continuous grinding, the 
combination of, a grinding wheel, an endless con 
veyor positioned adjacent the periphery of said 
wheel with the path of travel of at least a por 
tion of Said conveyor normal to a radius line 
through said wheel and in line with the direction 
of rotation of said wheel, a plurality of work 
holding units having laterally extending side 
flanges pivotally mounted on said conveyor for 
movement, between said conveyor and said wheel, 
arcuate guide means at each end of Said conveyor 
in longitudinal alignment with said flanges for 
contacting the flanges of said units upon move 
ment of said units across said guide means, and 
releasable means carried by each unit for grip 
pingly engaging a Workpiece. 

18. In continuous grinding apparatus, a grind 
ing station including a grinding wheel and means 
for driving said grinding wheel, an endless con 
veyor, means for driving said endless conveyor, 
a plurality of workpiece holding units arranged 
in series on said endless conveyor, holding means 
on each of said units adapted to grippingly en 
gage a Workpiece and properly position the same 
with respect to said grinding wheel, control means 
controlling operation of said conveyor and said 
means for driving said grinding wheel, template 
actuator means sensitive to correct positioning 
of a workpiece on Said holding units and through 
which a workpiece passes in advance of said 
grinding Station and movable by any improper po 
sitioning of a workpiece on a holding unit, and 
Operative connections between Said template ac 
tuator means and said control means actuating 
said control means upon movement of said tem 
plate actuator means by any improper position 
ing of a Workpiece on said holding unit to auto 
matically stop Said conveyor and the driving 
means for said grinding wheel. 

19. In continuous grinding apparatus, a grind 
ing station including a grinding wheel and means 
for driving Said grinding wheel, an endless con 
veyor, means for driving said endless conveyor, a 
plurality of Workpiece holding units arranged in 
Series on Said endless conveyor, holding means 
on each of said units adapted to grippingly en 
gage a workpiece and properly position the same 
With respect to said grinding wheel, control means 
controlling operation of said conveyor and said 
means for driving said grinding wheel, actuating 
means at said grinding station and engageable 
with a workpiece in the grinding station for con 
tinuously sensing the correct positioning of a 
Workpiece in the grinding station and movable 
by any incorrect positioning of a workpiece in 
the grinding Station and operative connections 
between Said control means and said actuating 
means Operating Said control means upon move 
ment of Said actuating means by any improper 
positioning of a workpiece at the grinding station 
to automatically stop said conveyor and said 
means for driving, said grinding wheel. 

20. In continuous grinding apparatus, a grind 
ing station including a grinding wheel and means 
for driving said grinding wheel, an endless con 
veyor, means for driving said endless conveyor, 
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a plurality of workpiece holding units arranged 
in Series on said endless conveyor, holding means 
on each of said units adapted to grippingly en 
gage a workpiece and properly position the same 
with respect to said grinding wheel, control 
means controlling operation of said conveyor and 
said means for driving said grinding wheel, tem 
plate actuator means Sensitive to correct position 
ing of a workpiece on said holding units and 
through which a workpiece passes in advance of 
said grinding station and movable by any im 
proper positioning of a Workpiece on a holding 
unit, operative connections between said template 
actuator means and said control means actuating 
said control means upon movement of said tem 
plate actuator means by any improper position 
ing of a workpiece on said holding unit to auto 
matically stop said conveyor and the driving 
means for said grinding Wheel, said drive means 
for said conveyor including means for reversely 
driving said conveyor, and a jog-back control 
means connected with Said means for reversely 
driving said conveyor to render the same active. 

21. In continuous grinding apparatus, a grind 
ing station including a grinding wheel and means 
for driving Said grinding Wheel, an endless con 
veyor, means for driving said endless conveyor, 
a plurality of workpiece holding units arranged 
in series on said endless conveyor, holding means 
on each of said units adapted to grippingly en 
gage a workpiece and properly position the same 
With respect to said grinding wheel, control 
means controlling operation of said conveyor and 
said means for driving said grinding wheel, actu 
atting means at Said grinding Station and engage 
able with a workpiece in the grinding station for 
continuously sensing the correct positioning of a 
Workpiece in the grinding Station and movable by 
any incorrect positioning of a workpiece in the 
grinding station, operative connections between 
said control means and said actuating means 
Operating Said control means upon movement of 
said actuating means by any improper position 
ing of a workpiece at the grinding station to auto 
matically stop said conveyor and said means for 
driving said grinding wheel, said drive means 
for Said conveyor including means for reversely 
driving said conveyor, and a jog-back control 
means connected with said means for reversely 
driving said conveyor to render the same active. 

JOHN C. WILSON. 
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