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16 Claims. 

This invention relates to grinding machines, 
and more particularly to a machine for grinding 
a flat and frusto-conical Surface on the end of a 
cylindrically shaped Work piece. 
One object of this invention is to provide a 

Simple and thoroughly practical grinding ma 
chine for grinding the end face of a Work piece, 
Another object of the invention is to provide a 
grinding machine Which Serves to produce a flat 

10 end face combined With a frusto-conical edge 
portion on a Work piece. Another object of this 
invention is to provide a grinding machine in 
Which a flat face is produced on the end of a 
Work piece when the Work piece is traversed in 

is one direction past the grinding wheel and in 
Which a frusto-conical edge portion is ground 
on the return stroke of the work piece across the 
wheel face. Another object of the invention is 
to provide a grinding machine for automatically 
grinding an end face on a work piece having a 
flat portion together with a frusto-conical edge 
portion. Other objects will be in part obvious 
Or in part pointed out hereinafter. 
The invention accordingly consists in the fea 

5 tures of construction, combinations of elements, 
and arrangements of parts, as will be exempli 
fied in the structure to be hereinafter described, 
and the Scope of the application of which will 
be indicated in the following claims. 

30 In the accompanying drawings in which is 
shown one of various possible embodiments of 
the mechanical features of this invention, 

Figure 1 is a front elevation of a grinding, ma 
chine embodying this invention; 

Figure 2 is a fragmentary plan view of a grind 
ing machine, showing the parts in a loading po 
Sition; 

Figure 3 is a fragmentary plan view of the 
grinding machine shown in Figure 2, having 

40 parts broken away and shown in Section to more 
clearly show the operating construction; 

Figure 4 is a fragmentary diagrammatic view, 
showing the fluid pressure control system as 
Well as the electrical diagram; 

Figure 5 is a longitudinal sectional view 
through the control valve, Showing a section 
through the valve and its actuating parts and 
also showing a portion of the Work hopper and 
work loading and discharge mechanism; 

50 Figure 6 is a similar sectional view through 
the Valve, showing the parts in position for traw 
ersing the Work table at a slow speed; 

Figure 7 is a similar sectional view through 
5 the control valve, showing the parts in a posi 
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(Cl. 51-95) 
tion for rapidly traversing the work table to and 
from an operating position; 

Figure 8 is a cross sectional view, taken ap 
proximately on the line 8-8 of Figure 7, ShoW 
ing the control valve in end elevation and a Sec 
tion through the table traverse cylinder; 

Figure 9 is a cross Sectional View, On an en 
larged scale, taken approximately on the line 
9-9 of Figure 1, showing the multi-speed table 
traverse, mechanism; 

Figure 10 is a fragmentary sectional WieW, 
taken approximately on the line O-O of Fig 
ure 5, showing the work loading plunger and 
associated parts on an enlarged Scale; . 

Figure 11 is a fragmentary cross Sectional 
view, on an enlarged scale, taken approximately 
on the line - of Figure 1; 

Figure 12 is a diagrammatic View, On an en 
larged Scale, showing the relation of the grind 
ing wheel and work piece when the table is 
moved toward the right; and 

Figure 13 is a similar diagrammatic view, 
showing the relation of the work axis to the 
grinding Wheel. When the table is moved toward 
the left on the return Stroke. 
A grinding machine has been illustrated com 

prising a base 0 which is arranged to support 
a transversely movable wheel slide . The 
wheel slide f l rotatably supports a wheel spindle 
f2 in bearings 3 (only one of which has been 
illustrated). 
2 Supports a rotatable grinding wheel 4. The 
wheel spindle, f2 may be rotated in the usual 
manner either by means of a belt drive or a 
motor drive from an electric motor mounted on 
the Wheel slide. As illustrated in the drawings, 
however, a driving pulley 5 is mounted on the 
wheel spindle 2 and is connected by means of 
a driving belt 6 with any suitable source of 
pOWer. 
The base IO also supports a longitudinally 

movable Work Supporting table 20 which is ar 
ranged to slide longitudinally on the base 0 on 
a flat way 2 and a V-way 22 which mate with 
Correspondingly shaped ways on the base 0 of 
the machine. .. 
The table 20 may be traversed longitudinally 

either manually or by power. A manually op 
erable feed mechanism has been illustrated conn 
prising a manually operable hand wheel 25 which 
is connected through a gear reduction unit to 
rotate the gear 26 which is rotatably carried on 
the shaft 21. The gear 26 is arranged to mesh 
With a gear 28. The shaft 29 carries on its inner 
end a rack gear 30 arranged to mesh with the 

The outer end of the wheel spindle 
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table 20. 

2 
rack 3 depending from the under side of the 
table 20. In the preferred construction, the hand 
traverse mechanism may be of a multi-speed 
type, such as for example that shown in the prior 
patent to Norton No. 1,299,765 dated April 8, 
1919, to which reference may be had for a de 
tailed disclosure. A large internal gear 32 is 
formed integral With the gear 26, and both are 
rotatably supported on a stud or shaft 27. A 
slidable clutch member 33 is carried by a mov 
able plunger 34 carried by the hand wheel 25. . . 
When the plunger 34 is moved outwardly, as 
shown in Figure 9, so that the clutch member 33 
engages a fixed clutch member 35 carried by the 
hand. Wheel 25, it serves to lock a gear 36 in fixed 
relation with the hand wheel 25. When the 
hand wheel 25 is rotated, the gear 36 Which is . 
fixed thereto meshes With the internal gear 32 
and causes a rotation thereof Which is trans 
mitted through the gears 26, 28, 30, and rack 3 
to traverse the table 20 longitudinally. 

If a slow Speed traversing movement of the 
table is required, such as for truling, the clutch 
member 33 is moved upwardly, as shown in Fig 
lure 9, So that it engages a clutch member 37 which 
is formed integral with a gear 38 rotatably mount 
ed on a stud 39 which is formed integral with the 
gear 36. The gear 38 meshes with an internal 
gear 69 which is of slightly larger diameter than 
the internal gear 32. In this position of the parts, 
with the clutch member 33 engaging the clutch 
37, the hand wheel 25 is rotated, causing the gear 
38 to revolve. The gear 38 is connected to the 
hand Wheel 25 so that when the hand wheel 25 
is rotated, the gear 38 rolls around the internal 
gear 69. The gear 38 is locked through the 
Stud 89 with the gear 36 so that the gear 
36 rotates and revolves with the gear 38 and 
due to the differential between the internal gears 
6 and 32, causes a slow rotation of the gear 32 
Which transmits a corresponding movement 
through the gear 26 to the rack 3, and the table 
28. For a more detailed disclosure of this multi 
Speed manual traversing mechanism, reference 
may be had to the above-mentioned prior patent 
to Norton. Referring to Figure 9, the slidable 
clutch member 33 is in a central position, that is, 
disengaged from the clutch members 35 and 37. 
It is placed in this position during grinding so 
that the table 29 will be free to reciprocate with 
out rotating the parts of the manually operable 
table traversing mechanism. - - 
The grinding wheel slide ffmay be fed trans 

Versely either toward or from the work support 
by means of a manually operable feed wheel 42 
Which is Operatively connected to gears (not 
shown) to rotate a feed screw shaft 43 to cause 
a transverse movement of the slide. This mech 
anism is not considered to be a part of the pres 
ent invention and consequently has not been illus 
trated in detail. This mechanism is substantially 
the Same as that shown in the expired U. S. 
Patent to Norton No. 762,838 dated June 14, 1904. 
The table 20 is also arranged so that it may be 

traversed or reciprocated longitudinally by a 
power operated mechanism. In the preferred 
construction, a fluid pressure operated mecha 
nism is utilized to reciprocate or traverse the 

As illustrated, this mechanism com 
prises a fluid pressure cylinder 45 which is sup 
ported in a bracket 46 on the table 20. The cylin 
der 45 contains a piston 47 which is connected to 
One end of a piston rod 48. The other end of 
the piston rod is connected to a bracket. 49 which 
is fixed to the end of the base. O. 
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The piston rod 48 is preferably detachably con 

nected to the bracket 49 so that the fluid pres 
Sure mechanism may be readily disconnected to 
facilitate manual traverse of the table for truling 
the wheel and setting up the machine. The piston 
rod 48 is provided with an annular groove 50 
which is adapted to be engaged by a Spring pressed 
plunger 54 carried by the bracket 39. When it 
is desired to detach the piston rod 48 from the 
bracket 49, the plunger 5 may be withdrawn, by 
means of the knob 52, from the groove 5G SO 
that the table may be traversed Without Over 
coming the fluid pressure within the cylinder 45. 
This machine is particularly adapted for auto 

matically grinding the end face of a Work piece, 
and more particularly an end face requiring a 
flat end surface together with a beveled or cham 
fered edge portion. A rotatable Work Support 
is provided on the table 2) which is arranged 
with its axis of rotation at substantially right 
angles to the axis of rotation of the grinding 
Wheel. The Work supporting member is prefer 
ably arranged so that when the table travels in 
one direction the axis of the work is at right 
angles to the operative face of the grinding wheel 
and when the table is traveled in the opposite 
direction the work axis is shifted so that its axis 
of rotation is at an angle to a plane perpendicular 
to the wheel axis so that a frusto-conical or cham 
fered edge portion is produced on the face of 
the work piece. - . 
As illustrated in the drawings, a swivel base 60 

is mounted on the upper surface of the table 20 
and is pivotally connected by a stud 6 to a sub 
base member 52 which is fixedly mounted on the 3 
table 20. The stud 6, which pivotally connects 
the work support 63 with the plate 62, is prefer 
ably arranged so that it may be adjusted longi 
tudinally so that a line passing through the axis 
of the stud 6 ? is tangent to the line of intersection 
between the two surfaces to be ground, that is so 
that the work pivots about an axis in line with 
the junction between the flat surface and the 
frusto-conical surface. By adjusting the posi 
tion of the pivot, the diameter of the flat surface 
as well as the extent of the frusto-conical sur 
face may be varied as desired. In the construc 
tion illustrated, the Stud is supported in a bracket 
300 which is provided with a slideway 39 mating 
With a corresponding slideway on the plate 62. 
The bracket 388 is provided with a boss 302 which 
supports the lower end of the stud 6... The 
bracket 309 is provided with elongated slots 303 
through which pass clamping screws 304. The 
screws 304 are screw threaded into the plate 62 
and serve to clamp the bracket 9 in adjusted 
position. Similarly a bracket 305 is provided 
with a boss 396. The bracket 335 is provided With 
elongated slots 39 and clamping screws 308 
which serve to facilitate adjustment of the pivot 
relative to the work head 63... If desired, the 
upper Surfaces of the bracket 385 may be pro 
vided With a graduated Scale, and an index or 
Zero point 399 may be provided on the head 63 
to aid in adjusting the pivot to the desired ex 
tent. 
The swivel member 60 is provided with an en 

larged portion 63 which rotatably supports a 
Spindle 64 in bearings 65 and 66. The spindle 
64 may be rotated by means of an electric motor 
67 mounted on the Swivel base 69. The motor is 
provided with a driving pulley 68 which is con 
nected by a belt 69 with a pulley G mounted on 
the end of the Spindle 64. The spindle 64 con 
tains a slidably mounted chuck closing member 
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2,086,052 
which is slidably mounted within an aperture 

72 within the spindle 64. The chuck closing mem 
ber is normally urged toward the left (Fig. 
2) by means of a Spring 3 which is interposed 
between a shoulder on the chuck closing member 
if and an internal shoulder within the spindle 
64. A spring collet or chuck 75 is slidably mount 
ed within the chuck closing member 7 and is 
held in place Within the Spindle by means of a 
collar 6 which engages the front end face of 
the collet and is supported by a portion which 
is threaded into the end of the spindle 64. The 
collar 76 serves to locate the front end of the 
Spring collet. A slidably mounted ejector rod 
77 passes through the center aperture of the col 
let T5 and is held in a forward position by means 
of a spring 78. When a work piece is inserted 
Within the Spring collet 75, it is pushed in against 
the end of the ejector rod and compresses the 
Spring 78 as it is moved into an operating posi 
tion. Within the collet. 
In Order to release the collet 5 When fluid Un 

der pressure is admitted to cylinder chamber 89, a. 
stop thrust collar 6d. is supported adjacent to 
the outer end of the spindle 3. When fiuid un 
der preSSure is admitted to chamber 39, it causes 
the chuck closing sleeve together with the co 
let 15 to move toward the right (Fig. 11) until 
the head of the work piece engages the front faca 
of the stop collar 6a. Continued admission of 
fluid to the chamber 89 serves to nove the sleeve 
7 to a further extent toward the right while hold 
ing the collet 75 against such movement, which 
serves to withdraw the sleeve 5 and thereby re 
lease the Spring collet. The released tensio: of 
the Spring 78 then moves the ejecting plunger 
77 toward the left to eject the work piece into the 
discharge chute 45. 
A suitable means is provided to withdraw the 

collet closing member to an inoperative posi 
tion to permit ejection of the work and loading 
of a new piece of Work into place Within the collet. 
This mechanism preferably comprises a cylinder 
85 containing a slidably mounted piston 36 which 
is connected to the inner reduced portion 3 of the 
collet closing member . Fluid may be admitted 
through a pipe 88, into a cylinder chaimber 3S, to 
cause the spring closing member to be with 
drawn toward the right (Fig. 2) against the ten 
sion of the spring 3 to release the spring collet 
from its grip on the work piece. When a work 
piece has been inserted within the Spring coilet 
75, the work piece must be held in this position 
until the fluid pressure is cut off from the pipe 
88, thereby releasing the tension of the Spring 
73 and causing the collet closing member to 
slide toward the left, as viewed in Figure 2, to close 
the chuck or collet 25 and thereby lock the work 
piece in a grinding position. During the inser 
tion of the work piece, the ejector plunger has 
been moved toward the right, as viewed in Figure 
2, compressing the spring 78. After the work 
piece has been ground to a predeterilined extent, 
and the Work table has moved from a grinding 
position, fluid under pressure is admitted through 
the pipe 88, into cylinder chamber 39, to with 
draw the chuck or collet closing member 
against the tension of the spring 23, thereby re 
leasing the tension of the Spring 23, which causes 
the ejector plunger to move toward tine left, as 
Viewed in Figure 2, into the position illustrated 
to eject a finished ground Work piece therefron, 
In order to swivel the plate 6 so as to automati 

cally change the relation of the work axis of ro 
tation relative to the operative face of the grind 

3 
ing wheel, a suitable mechanism is provided to 
shift or swivel the plate 6 about its pivot 6. 
This mechanism preferably comprises a cylin 
der 95 which is fixed to the table 2. The cylin 
der 95 contains a siidably mounted piston 9 5 
which is connected by a piston rod 93 to one end 
of a link 98. The link 98 is connected to the pis 
ton rod 97 by a stud 99. The other end of the 
link is connected by a stud 9 with a projecting 
bracket it mounted on the Swivel plate 60. The 
piston 96 is provided with an enlarged portion 
22 which serves to stop the movement of the 
piston to position the Work at right angles to the 
operating face of the grinding wheel á, as viewed 
in Figure 4. A pair of adjustable collars 3 ad 
justably carried on a threaded portion E4 of the 
piston rod S. Serve to limit the SWiveling move 
ment of the piston 96. Fluid under pressure is 
admitted to a cylinder chamber 95 through a 
pipe 36 and to a cylinder chamber ( through a 
pipe 8 by means of a fiuid pressure Systern to 
be hereinafter described. 
The work to be ground is preferably automati 

cally loaded into the machine and automatically 
ejected therefrom. A work receiving hopper or 
magazine is Supported by a bracket : A and a 
bracket 2 on the base C. A plurality of work 
pieces 3 are loaded in position in the hopper 

and roll down into the position illustrated 
in the drawings. The portion of the hopper 
adjaceint to the loading station is provided with 
an upper plate & which holds the work pieces 
on a guiding track 5 carried by the hopper ). 
After a work piece has been inserted in the 
In achine and the loading plunger. Withdrawn to 
an inoperative position, the work piece 3 rolls 
downwardly, due to gravity and the pressure of 
adjacent work pieces, into position in align:rinent 
With a loading plunger and moves downWardly 
until Supported on a W-shaped Supporting men 
ber 6 in alignment with a loading plunger . 
The loading plunger is normally held in a 
rearward position by means of a spring 8 and 
is arranged to operate in timed relation With the 
other parts of the machine So that the plunger 4 

may be moved toward the right (Figs. 2 and 
4) to automatically move a workpiece 3 into op 
erative position within the collet 5. 

in the preferred construction a fuid pressure 
cylinder 2 is provided. The loading plunger 
E F is preferably formed as a piston rod which 
is connected to move with a piston 2 slidably 
mounted within the cylinder 2. Fluid under 
pressure is admitted from a pipe 22 into a 
cylinder channber 23 to cause the loading plunger 

to move toward the right to push the work 
piece 3 into an operating position within the 
chuck or coiet 5. 

It is desirable to locate the work piece 3 with 
in the collet 5 So that the Surface of the Work 
piece to be ground is located in a definite posi 
tion so that the same amount of stock is ground 
from the surface of each workpiece. A sleeve G 24 
which is threaded. On its periphery and meshes 
with corresponding threads in the head of cylin 
der 23 serves to limit the movement of the pis 
ton 22 toward the right, as viewed in Figure 2. 
When the piston 2 is moved to insert a work 
piece into the machine, the piston contacting with 
the end of the threaded Sleeve 24 Serves to io 
cate the Surface to be ground relative to the chuck 
5. 

hopper or magazine () are adjustably supported 
On the base 0 to permit adjustment of the same 
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4 
relative to the base for setting up the machine 
to grind Various types of Work pieces. The load 
ing plunger is provided with an integral support 
ing bracket 3) which is adjustable longitudinally 
On a bracket 3 which supports the same on the 
base 0. By providing suitable elongated slots 
and clamping bolts, the loading plunger may be 
adjusted longitudinally relative to the base 0 so 
aS to adjust the position of the axis of the 
plunger into alignment with the work supporting 
chuck. The bracket 38 which supports the Work 
loading plunger is provided with elongated slots 
40 and 4 through which pass clamping bolts 
f42 and 43 respectively. These bolts are thread 
ed into the bracket 3 and are arranged to per 
mit a longitudinai adjustment of the work load 
ing plunger and its associated parts. The 
bracket 3i, which supports the work loading 
plunger , the hopper or magazine and a 
discharge chute 85, is provided with elongated 
slots 46, 8, :43, 39 and 50 through which 
bolts pass to adjustably secure the bracket 3 f to 
a fixed bracket 5 which is bolted to the base C 
of the machine. The elongated slots 66, 4, 
i8, 49 and 5 serve to permit a longitudinal 

adjustment of the work loading mechanism, the 
Inagazine and 2.SSociated parts, to facilitate set 
ting up the machine. 
The Work piece 3 sliding into the W-shaped 

Supporting guide 6, which aligns the work 
piece with the opening in the chuck or collet 5, 
is preferably Supported on a pivotally mounted 
member 66 which is normally held in an upward 
position by nineaias of a spring & supported by 
the bracket 3i. The member 8) is pivotally 
supported in a frame 32 which is provided with 
a plurality of elongated slots 63 which surround 
guiding bolts 65 and permit a vertical move 
ment of the member 69. When the work piece 
is pushed toward the right by means of the 
plunger , the body portion of the Work piece 

3 is pushed into the chuck and the head of the 
Work piece riding over the aingular Surface of the 
V-shaped member 85 depresses the member 60 
pivoting on the top bolt 64 so that the head on 
the Work piece hay paSS thereover in its nove 
ment into the chuck 5. The V-shaped member 
f S is adjustable longitudinally of the member 60 
and may be clamped in adjusted position by 
means of a clamping screw 55. 

In order that the various fluid pressure actuated 
mechanisms of the machine may be operated in 
the desired tinned relationship with each other, it 
is desirable to provide a fluid pressure system in 
Which a cycle control valve is provided to con 
trol the admission and exhaust of fluid from the 
various cylinder and piston mechanisms above 
described. A fiuid reservoir is provided in 
the base of the machine and Serves to convey fluid 
through a pipe 2 to a fluid pressure pump f13. 
The pump 23 is connected by a pipe A with the 
control valve : ). 
The main or cycle control valve 0 is prefer 

ably a piston type yalve comprising a valve stem 
5 having formed integrally: thereon valve pis 

tons it 6, 7, 28, 29, 83 and 3 i. Fluid under 
pressure from the pipe 4 passes through a pipe 
or passage 82, a pipe 83 and a pipe or passage 
84 into the various valve chambers. 
Fluid under pressure from the cycle control 

valve 79 passes at the predetermined time in 
the cycle through the pipe 88 to the chuck release 
cylinder 85, through the pipe 22, to the Work 
loading plunger cylinder 20, through a pipe 06, 

2,086,052 
into chamber 05 in the cylinder 95, to swived the 
Work Supporting head, and also into a cylinder 
chamber 85 in the cylinder 45 to move the table 
20 toward the left, as viewed in Figure 1, and 
through a pipe 08, into chamber 0 of the cylin 
der 95, to SWivel the work head in the opposite 
direction and also into a cylinder chamber 86 in 
the cylinder 45 to move the table 29 toward the 
right, as viewed in Figure 1. Walves 8 and 88 
are interposed in the pipe lines 96 and 98 re 0. 
Spectively, so that the fluid passing through these : : 
pipes may be regulated, as desired, to control the 
Speed of movement of the cylinder 45. - 

It is desirable that the table 20 move rapidly 
in bringing the work piece f3 up to an operative 5 
position where it is about to contact with the , 
operative face of the grinding wheel 4 and to 
then slow down the movement of the table to a 
predetermined grinding speed, thereby reducing. 
the idle time by causing rapid positioning move 20 
ments of the table. This is preferably accom- i. 
plished by providing a control valve 9). Within 
the pipe line 06, which serves to control the ad 
mission of an exhaust of fluid through a pipe 
9 into the cylinder chamber 35. The valve 25 
90 is preferably a piston type valve compris 

ing a valve stem 92 and a pair of Spaced 
Valve pistons 93 and 94 formed integrally there 
on. A Spring 95 serves to normally hold the 
valve stem 92 in a downward position (Figure 
4), so that fluid exhausting through the pipe 9 
enters through a V-port 96 which in the posi 
tion of the parts is wide open, thereby allowing 
the full Supply of fluid to pass into cylinder 
chamber 86, causing the work table to move 
rapidly toward the right, as viewed in Figure 1. 
The rapid movement of the table continues until 
the adjustable Screw 3 in the end of the valve 
Stem 92 engages an adjustable dog 98 mounted 
on the base 0 of the machine. As the end of the 

30 

40 
screw 97 rides up the inclined surface of the dog 
98, the valve piston 93 is raised to partially 

close the V-port 96, thereby restricting the flow 
of fluid through pipe 9 from the cylinder cham 
ber 85, thereby reducing the rapid idle movement 
of the table 20 to a slow grinding speed. By ad 
justing the position of the screw 9 and locking 
the Screw in adjusted position by means of a 
locking nut 200, the V-port 96 may be closed to 
a greater or lesser extent. Similarly, after the 50 
Work piece passes across the face of the grind 
ing wheel in the movement of the table toward 
the right, the screw 97 rides down the incline at 
the other end of the dog 98 and thereby in 
creases the Speed of the table during the move 55 
ment of the table toward the right and the shift 
ing of the Work holder in its angular relation. With 
the Wheel ready for its return stroke. 
The cycle control valve ff ) is normally urged 

toward the left, as viewed in Figure 4, by means of 60 
a Spring 292 which is interposed between the end 
of the valve casing and a thrust washer 293 on 
the end of a Valve stem 75. The valve stem 75 
is arranged. So that it may be moved in a direc 
tion toward the right (Figure 4) by two separately 
actuated means. A rock arm. 206 pivotally 
mounted on a stud 207 is connected at one end by 
a pair of pins 208 with a spool shaped member 
29 on the valve stem 75. The other end of the 
rock arm 206 is connected by a stud 2 to one 
end of a link 2, the other end of which is con 
nected by a stud 22 with an electric solenoid 
2:3. The valve stem 7.5 may also be actuated by 
means of a cam bar 25 which is adjustably Sup 

70 

75 
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ported on the bracket 5 mounted on the base to 
of the machine, Abel cranklever 26 is pivotally 
mounted on a stud 2 and its upper end is con 
nected by means of one of the pins 28 which 
are mounted in the arm 238 engaging the Spool 
Shaped member 2. e other arm of the bell 
crank ever 2: S is provided with a follower roller 
218 which is arranged to engage the various por 
tions of the caim ibai : 5. The can bar 25 is 
provided with elongated sots 23S and 22 through 
which pass tie clanging bolts or screws 222 and 
223. These boits are fastened to the supporting 
bracket, which is in turn fastened to the base 

of the nachine and serves to permit a longi 
tudinal adjustment of the can bar 25. The can 

5), with a safety or stop member 225 which 
serves to shift the cycle of control valve to stop 
the parts of the machine in case the table travels 
beyond a desired distance. The can bar is pro 
vided With can Surfaces 3 and 22 as Well as 
an adjustable can stiface 228 which is provided 
With elongated slots 29 and 23 and is clamped 
to the can bar 2 5 by claiping screws 23 and 
232. By means of the elongated slots 229 and 230 
and the clamping screws 235 and 232, the cam 
surface 238 nay be adjusted relative to the por 
tions 22 and 22S of the can bar 25 to facili 
tate adjustinent of the operation of the mecha 
nisin. 
In order to energize the solenoid 23 in timed 

relation with the movements of the parts of the 
machine, power is supplied, as indicated, by the 
power lines 233. A normally closed limit Switch 
234 is mounted on the front of the base of the 
machine and is arranged so that an adjustable 
dog 235 engages a roller 236 to actuate the limit 
switch 234 as the table is noved toward the 
right and is at the end of the grinding stroke to 
deenergize Solenoid 2:3 so as to reverse the move 

A normally open limit 
switch 23 is supported on a bracket on the rear 
of the cylinder i29 and is arranged so that an 
adjustable collar 238 carried by the movable 
Work loading plunger engages a roller 239 
on the limit switch 23 when the plunger is 
moved to insert, a work piece within the collet 75 
and closes the circuit, thereby energizing the 
Solenoid 23 (Figure 4). 

After a work piece has been ground and the 
table 2 noves toward the left so that when the 
work piece is clear of the grinding wheel and 
the roller 2 8 rides on the cam surface 226 and 
When roller 28 leaves surface 226 to engage can 
surface 22, fluid under pressure is admitted 
through the hose 88 into cylinder chamber 89 
to move the valve piston 86 toward the right 
(Figures 2 and 4) to release the collet 75, the 
released tension of the spring 8 moves the ejector 
rod toward the left to eject a work piece 3 
from the collet 5 and allow it to drop into the 
discharge chute 85 which conveys the finish 
ground piece of work from the machine. 
The operation of this machine is readily ap 

parent from the foregoing disclosure. ASSum 
ing the parts to have been previously adjusted 
for the particular work piece 3 shown, and 
assuming the work table 29 to be at the ex 
treme left-hand or in its loading position, the 
valves and fluid pressure parts are in the posi 
tion illustrated in the diagrammatic view (Figure 
4). Fluid under pressure from the pump 3 
passes through pipe 4 and pipe or passage 83 
into a valve chamber 263 and out through a pipe 
$22 into the cylinder chamber 23 to move the 

5 
piston. 2 toward the right until it contacts 
sleeve 24, as viewed in Figure 4. This movement 
serves to move the plunger to push a Work 
piece 3 into the aperture in the collet 5. 
This movement serves to move the ejecting 
plunger 77 toward the right (Figure 2) to com 
press the spring 78. When the plunger has 
moved the work piece so that the head of the 
Work piece engages the iccating collar E6 on the 
outer end of the Spindle $4, the adjustable collar 
238 engages the roller 239 of the limit switch 
237 and closes the circuit, thereby energizing the 
solenoid 2 3 and shifting the valve stem into the 
position as shown in Figure 5 so that fluid under 
pressure passing through the pipe and pipe 
(84 passes into a valve chamber 24 and out 
through a pipe. 8, into the cylinder chamber 
fi, to swive the work support 6 to shift the 
Work axis So that it lies at right angles to the 
axis of rotation of the grinding wheel and at 
the Same time passes fluid into the cylinder 
chamber 86 to start the table 20 moving toward 
the right, as viewed in Figure 1. The table is 
moved first at a rapid rate and as the head of 
the work piece approaches the operative face of 
the grinding wheel f4, the screw 97 riding up on 
the dog 98 partially closes the V-port 96 to 
slow down the table movement to a grinding Speed 
by throttling the exhaust of fluid from the cylinder 
chamber 85. The work 3 is rotated by the 
motor 67 . and passes across the operative face 
of the grinding wheel to grind a flat end face on 
the surface of the work piece, as shown in Figure 
12. : . W 

The movement of the table toward the right 
continues until the dog 235 engages the roller 
236 of the limit switch 236, which serves to open 
the circuit, thereby deenergizing the solenoid 2 3, 
and the released compression of the Spring 202 
moves the valve stem 5 and its aSSociated partS 
toward the left, as viewed in the various figures, 
until the follower roller 248 engages the surface 
226 of the can bar 25. This movement shifts 
the valve pistons into the position illustrated in 
Figure 6. Moving the valve into this position 
passes fluid under, pressure from the pipe 4 
through pipe 84, valve chamber 26; and through 
pipe 06, into cylinder chamber 05, which serves 
to swivel the support 69 in a clockwise direction 
into the position illustrated in Figure 4. So that 
the stop nuts. O3 engage the fixed stop Surface 
on the end of the cylinder and so that the axis of 
rotation of the work piece lies at an angle to a 
perpendicular plane passing through the Wheel 
axis so that on the return stroke of the table in 
its movement toward the left, a frusto-Conical 
edge portion will be ground on the outer edge of 
the flat end face of the work piece, as shown in 
Figure 13. At the same time fluid under pres 
sure is admitted through the pipe 9 into cyl 
inder chamber 85 to start the table moving to 
ward the left, first at a rapid rate until the Screw 
97 rides up on the dog 98 to throttle the inflow 
of fluid to the chamber 85 and thereby slow 
down the table to a predetermined grinding Speed. 
As viewed in Figure 6 also fuid exhausts from 
the cylinder 20 to withdraw the plunger so 
that a new Work piece. Will roll into place. 
The movement of the table continues toward 

the left until the roller 218 drops into contact With 
the surface 22 of the cam bar 25, as indicated 
in Figure 8, which serves to allow a further re 
leased compression of the Spring 202 to shift the 
valve stem 75 into the position of the parts as 
illustrated in Figure 8. This movement. Serves 
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to allow fluid under pressure passing through the 
pipe T4 to pass through pipe 82, into a valve 
chamber 245, and out through a pipe 88, into the 
cylinder chamber 89 to move the piston. 86 toward 
the right, as viewed in Figures 2 and 4. This 
movement of the pistOn 86 toward the right 
serves to move the chuck releasing member 7 
also toward the right to release the spring collet 
75, and the released compression of the Spring 
8 moves the ejector rod 77 toward the left to 

eject the work piece f 3 into the discharge chute 
45. The movement of the table 20 continues 
toWard the left until the roller 28 rides up on the 
cam surface 228, which serves to cut off fluid 
under pressure to the pipe O6 and to cut off ex 
haust from the pipe 08 and thereby stop the 
table movement. The table 20 and the Work 
holding chuck 75 are then in position to start the 
next cycle of operation. The next Work piece 
having rolled into the position on the work sup 
porting member f6, the fluid under pressure is 
applied through pipe 22 to again admit fluid 
under pressure to cylinder chamber 23 to start 
the Work loading plunger 7 in its movement to 
Ward the right (Figure 4) to move the next piece 
of Work 3 into operative relation with the work 
holding chuck or spring collet 75, whereupon the 
released tension of the spring 73 moves the chuck 
closing member 7 toward the left (Figure 2) 
to clamp the work piece in operative position in 
the chuck. The cycle of events is then com 
pleted and successive work pieces are ground 
first With their axis of rotation at right angles to 
the axis of rotation of the grinding wheel to 
grind a flat end face thereon, after which the 
Work axis is shifted SO that it lies at an angle to 
a perpendicular plane passing through the axis of 
the work so that on the return stroke of the 
work piece across the operative face of the grind 
ing wheel, a frusto-conical edge surface is ground 
adjacent to the periphery of the flat end surface. 
This cycle of events is then continued in grinding 
successive pieces of Work to the desired size and 
shape. 

It Will thus be seen that there has been provided 
by this invention apparatus in which the various 
objects hereinabove set forth together with many 
thoroughly practical advantages are successfully 
achieved. As many possible embodiments may be 

50 made of the above invention and as many changes 
night be made in the embodiment above Set forth, 
it is to be understood that all matter hereinbefore 
set forth or shown in the accompanying draw 
ings is to be interpreted as illustrative and not 
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in a limiting Sense. 
I claim: 
1. In a grinding machine, a transversely mov 

able rotatable grinding wheel, a longitudinally 
movable table, means to move said wheel trans 
versely toward and from said table to grind a Work 
piece, means to traverse said table longitudinally 
in either direction relative to the grinding Wheel, 
a rotatable Work Support On Said table arranged 
to grind one surface on the work piece during a 
traversing movement of said table, and auto 
matically operated mechanism actuated in timed 
relation with said table traversing movement at 
one end of its stroke to shift said work support 
relative to said table so that the axis of rotation 
of the work is shifted relative to the axis of rota 
tion of the grinding wheel to grind a second sur 
face on said work piece when the table is trav 
ersed in the opposite direction. 

2. In a grinding machine, a transversely mov 
able rotatable grinding Wheel, means to move said 

2,086,052 
grinding wheel transversely, a longitudinally 
movable table, means to move Said table longi 
tudinally in either direction relative to the grind 
ing wheel, a rotatable Work support on said table, 
pivotal connections between said Support and 
table, said support being arranged to grind one 
Surface. On the Work piece during a traversing 
movement of said table in one direction, auto 
matically operated mechanism actuated in timed 
relation with said traversing movement of the in 
table at one end of its stroke to shift said Work 
Support about its pivot and relative to said table 
So that the axis of rotation of the Work is shifted 

10 

relative to the axis of rotation of the grinding 
wheel to grind a second surface on said workpiece 
when the table is traversed in the opposite direc 
tion, and means to adjust the position of said 
pivot so that the axis of the pivot is tangent to 
a line passing through said axis and the junction 

15 

between said first and second surfaces on the on 
work piece. 

3. In a grinding machine, a transversely mov 
able rotatable grinding wheel, a longitudinally 
movable table, means to move said wheel trans 
versely toward and from said table, means to 
traverse said table longitudinally in either direc 
tion relative to the grinding wheel, a rotatable 
Work Support On Said table arranged to grind one 
Surface on the Work piece when the table is trav 
ersed in one direction, and automatically actu 
ated means operated by said table at one end of 
its stroke to shift said Work support relative 
to said table so that the axis of rotation of the 
Work is shifted relative to the axis of rotation 
of the grinding wheel to grind a second surface 
On Said Work piece When the table is traversed 
in the opposite direction. 

4. In a grinding machine, a transversely mov 
able rotatable grinding wheel, a longitudinally 
movable table, means to move said wheel trans- in 
versely toward and from Said table, means to 
traverse said table longitudinally in either direc 
tion relative to the grinding wheel, a rotatable 
Work Support on said table arranged to grind one 
Surface on the Work piece when the table is trav 
ersed in one direction, and automatically actu 
ated means operated by and in timed relation 
With Said table at One end of its stroke to shift 
said Work Support relative to said table so that 
the axis of rotation of the work is shifted rela 
tive to the axis of rotation of the grinding wheel 
to grind a Second surface adjacent to said first 
surface when the table is traversed in the oppo 
site direction. 

5. In a grinding machine, a transversely mov 
able rotatable grinding wheel, means to move 
said grinding wheel transversely, a longitudi 
nally movable table, means to traverse said table 
in either direction, a rotatable work support on 
said table which is arranged so as to grind one 
surface on a work piece when the table is trav 
ersed in One direction, pivotal connections be 
tween said Support and table, and means actu 
ated by said table at one end of its stroke to shift 
said work support about its pivot and relative 65 
to said table so as to change the axis of rotation 
of the Work piece relative to the axis of rota 
tion of the grinding wheel so as to grind a sec 
ond surface on said work piece when the sup 
port is traversed in the opposite direction. 

6. In a grinding machine, a transversely mov 
able rotatable grinding wheel, means to move 
Said Wheel transversely, a longitudinally movable 
table, means to traverse said table in either di 
rection, a rotatable work support on said table, 
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pivotal connections between said support and 
table, said support being arranged to grind one 
surface on the work piece when the table trav 
erses in one direction, means to shift the work 
Support about its pivot and relative to the table 
so as to shift the axis of rotation of the Work 
piece relative to the axis of the grinding wheel to 
grind a second surface on said work piece When 
the Work support is traversed in the other direc 
tion, and means to adjust the position of said 
pivotal connection longitudinally relative to said 
rotatable work support so that the axis of the 
pivot extended is tangent to the junction be 
tWeen said first and Second Surfaces on the Work 
piece. 

7. In a grinding machine, a transversely mov 
able rotatable grinding wheel, a longitudinally 
movable table, means to move said grinding wheel 
transversely toward and from said table to pro 
duce the desired grinding action, means to trav 
erse said table longitudinally in either direction, 
a rotatable Work support carried by said table 
and arranged to support the Work piece so that 
its axis of rotation bears a definite relation with 
the axis of rotation of the grinding wheel to grind 
One Surface on said Work piece when the table is 
traversed in one direction, and means including 
a fluid pressure piston and cylinder which is 
actuated by and in timed relation with the table 
reciprocation at one end of its stroke to auto 
matically shift the position of said work support 
to change the axis of rotation of the work piece 
relative to the axis of rotation of the grinding 
Wheel So as to grind a second surface on said 
Work piece when the work support is traversed 
in the opposite direction. 

8. In a grinding machine, a transversely mov 
able rotatable grinding wheel, a longitudinally 
movable rotatable Work support having its axis 
of rotation arranged at right angles to the axis 
of rotation of the grinding wheel to grind a flat 
end face on the work piece when the work sup 
port noves in one direction, and means actuated 
by Said work support at one end of its longitu 
dinal movement to shift the axis of rotation of 
the Work piece relative to the axis of the grind 
ing Wheel to grind a frusto-conical Surface ad 
jacent to said flat surface when the Work sup 
port is moved in the other direction. 

9. In a grinding machine, a transversely mov 
able rotatable grinding wheel, a longitudinally 
movable table, a rotatable work support there 
on having the axis of rotation arranged at Sub 
stantially right angles to the axis of rotation of 
the grinding Wheel to grind a flat end face on the 
work piece when the Work Support is moved in 
One direction, and automatically actuated means 
to shift the axis of rotation of the work piece 
relative to the axis of rotation of the grinding 
wheel so as to grind a frusto-conical Surface ad 
jacent to said flat Surface when the Work Sup 
port is moved in the opposite direction. 

10. In a grinding machine, a transversely mov 
able rotatable grinding wheel, a longitudinally 
movable table, a rotatable Work support there 
on having its axis of rotation arranged at Sub 
stantially right angles to the axis of the grinding 
wheel to grind a flat end face on the Work piece 
When the table is traversed in one direction, fluid 
pressure actuated means to reciprocate said work 
support, and means actuated in timed relation 
With said reciprocation to automatically shift the 
axis of rotation of the Work piece relative to the 
axis of rotation of the grinding Wheel SO as to 
grind a frusto-conical edge portion on the end 

7 
of said workpiece when the work support is trav 
ersed in the opposite direction. 

11. In a grinding machine, a transversely mov 
able rotatable grinding wheel, a longitudinally 
movable table, fluid pressure operated inneans in 
cluding a piston and cylinder to move said table 
in either direction, a rotatable Work Support 
carried by said table, means including a fluid 
preSSure cylinder to shift the position of said 
rotatable Work Support and a control valve which 
is arranged in one position to move the work table 
longitudinally while the axis of rotation of the 
Work piece is arranged at right angles to the 
axis of rotation of the grinding wheel to grind 
a flat end surface on the Work piece, and means 
to shift said control valve at the end of said 
Stroke to admit fluid under pressure so as to re 
verse the table movement and to said second 
cylinder to shift the axis of rotation of the Work 
Support relative to the axis of rotation of the 
grinding Wiheel SO as to grind a frusto-conical 
Surface adjacent the edge of said flat surface 
When the Work support moves in the opposite 
direction, 

12. A grinding machine comprising a base, a 
rotatable grinding wheel, a transversely movable 
wheel side to support said wheel, a longitudinally 
movable work supporting table, a rotatable work 
Supporting chuck on said table having its axis 
of rotation arranged at right angles to the axis 
Of the grinding wheel so as to present the end 
face of a Workpiece for grinding, means to rotate 
Said chillck, means to traverse the table longitu 
dinally in One direction while the axis of the Work 
is at right angles to the axis of the grinding 
Wheel SC as to grind a flat face on the work piece, 
and means to nove the axis of the work support 
ing chuck So that the work axis nakes an angle 
ieSS than or greater than ninety degrees with the 
axis of the grinding Wheel before the table is 
traversed in the opposite direction to grind a 
chamfer or frusto-conical edge portion on the 
Work piece. 

13. A grinding machine comprising a base, a 
rotatable grinding wheel, a transversely movable 
grinding wheel slide, a longitudinally movable 
table, a rotatable Work Supporting chuck on said 
tabie having its axis of rotation at right angles 
to the axis of the grinding wheel so as to present 
an end face of a Work piece for a grinding opera 
tion, means including an electric motor on said 
table to rotate said chuck and work piece, a work 
loading device including a fluid pressure actuated 
plunger to Successively load work pieces into said 
Chuck, means including a fiuid pressure piston 
a.ind cylinder to clamp said work piece in said 
chuck, means including a fluid pressure piston 
and cylinder to reciprocate the work table and 
chuck longitudinally in one direction to grind 
a flat end face on the Work piece, means includ 
ing a fluid preSSure piston and cylinder arranged 
to Swing Said chuck so that its axis of rotation is 
at an angle greater or less than ninety degrees 
relative to the axis of the grinding wheel before 
the piston and cylinder start the table moving in 
the opposite direction so as to grind a chamfer or 
frusto-conical face on the edge portion of said 
Work piece. 

14. A grinding machine comprising a base, a 
rotatable grinding wheel, a transversely movable 
grinding wheel slide, a longitudinally movable 
table, a rotatable work supporting chuck on said 
table having its axis of rotation arranged at 
right angles to the axis of rotation of the grind 
ing wheel so as to present an end face of a Work 
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piece for a grinding operation, means including 
an electric motor on said table to rotate the 
chuck and work piece, a Work loading device in 
cluding a fluid pressure actuated plunger to Suc 

is cessively load work pieces into said chuck, 
means including a fluid pressure piston and cyl 
inder to clamp said Work piece in the chuck, 
means including a fluid pressure piston and cyl 
inder to reciprocate the table and chuck longitu 

10 dinally in one direction to grind a flat end face 
on the work piece, means including a fluid pres 
sure piston and cylinder to Swing said chuck So 
that its axis of rotation is at an angle greater or 
less than ninety degrees relative to the axis of 

15 the grinding wheel before the table starts moving 
in the opposite direction. So as to grind a chamfer 
or frusto-conical face on the edge portion of said . 
work piece, and means including a cycle control 
valve which serves to control the admission of 

20 fiuid to all of said cylinders. 
15. In a grinding machine, a transversely mov 

able rotatable grinding Wheel, a longitudinally 
movable table, means including a fluid pressure 
piston and cylinder which are operatively con 

25 nected to traverse said table in either direction, 
a rotatable Work Supporting chuck pivotally con 
nected to Said table and arranged With its axis of 
rotation at Substantially right angles to the axis 
of rotation of the grinding Wheel, means includ 

30 ing a fluid pressure piston and cylinder to control 
said chuck, means including a piston and cyl 
inder to shift the axis of rotation of said chuck 
So that when the table moves in One direction the 
axis of the chuck is at right angies to the axis 

35 of the grinding wheel and so that the axis of the 
chuck is at an angle other than ninety degrees 
relative to the axis of the grinding wheel when 
the table moves in the Opposite direction, a Work 
loading plunger arranged to insert a Work piece 

4() into said chuck, means including a fluid pressure 
piston and cylinder operatively connected to 
actuate said loading plunger, and a control Valve 
in said system which is arranged to control the 
admission of fluid to said plunger cylinder to in 
sert a work piece in said chuck, to release fluid 
under pressure in said chuck cylinder So as to 
clamp the work piece Within said cylinder, to ad 
mit fluid to said table traverse cylinder, to traw 
erse the workpiece with its axis at right angles 

4. 5 
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to the axis of the grinding wheel across the face 
of the wheel to grind a flat face thereon, to admit 
fluid to said third cylinder, and to swivel said 
Work Chuck so that its axis of rotation is at an 
angle to a plane normal to said wheel When the 
table moves in the opposite direction to grind a 
frusto-conical edge portion on said Work piece. 

16. In a grinding machine, a transversely mov 
able rotatable grinding wheel, a longitudinally 
imovable table, means including a fluid pressure 
piston and cylinder which are operatively con 
nected to traverse said table in either direction, 
a rotatable work supporting chuck pivotally con 
nected to Said table and arranged with its axis of 
rotation at Substantially right angles to the axis 
of rotation of the grinding wheel, means includ 
ing a fuid pressure piston and cylinder to con 
trol said chuck, means including a piston and cyl 
inder to shift the axis of rotation of Said chuck 
So that when the table moves in one direction the 
axis of the chuck is at right angles to the axis 
Of the grinding Wheel and so that the axis of the 
chuck is at an angle other than ninety degrees 
Felative to the axis of the grinding wheel when 
the table moves in the opposite direction, a work 
loading plunger arranged to insert a work piece 
into said chuck, means including a fluid pres 
Sure piston and cylinder operatively connected to 
actuate said loading plunger, and a control valve 
in Said System which is arranged to control the 
admission of fluid to said plunger cylinder to in 
Sert a Work piece in said chuck, to release fluid 
under pressure in said chuck cylinder so as to 
clamp the Work piece within said cylinder, to ad 
rait fillid to Said table traverse cylinder to trav 
erSe the Work piece with its axis at right angles 
to the axis of the grinding wheel across the face 
of the Wheel to grind a flat face thereon, to admit 
fiuid to said third cylinder, and to swivel said 
WOik chuck so that its axis of rotation is at an 
angle to a plane normal to said wheel when the 
table noves in the opposite direction to grind a 
frusto-conical edge portion on said work piece, 
and to admit fluid to said chuck cylinder after 
One Complete reciprocation of the work table to 
release Said chuck and eject a Work piece there 
lipOn. 
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