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1. 
This invention relates to grinding machines 

and consists in certain improvements increasing 
the efficiency, accuracy and safety of such ma 
chines in operation and their convenience of con 
trol by the operator. A machine embodying the present invention 
is in many respects similar to that disclosed in 
U.S. Letters Patent No. 2,390,978, granted De 
cember 11, 1945, on my co-pending application 
for Grinding machines. The present mecha 
nism, like that disclosed in the application, is 
constructed and arranged to cause operation of 
the cross feed mechanism in anticipation of the 
reversal of the table, at least at one end of the 
table travel, so that the cross feeding step may 
be effected at least in part during the final por 
'tion of the table travel, after the work ieaves 
the wheel and in any event before the work again 
engages the wheel. The result is that the work is 
brought to the Wheel in a straight-line movement 

: prior to each grinding stroke of the machine 
and there is no relative traverse movement be 
tween the wheel and the work during actual 
grinding. The amount of metal removed by the 
wheel is therefore uniform from one end of the 
stroke to the other, and conditions are thus 
created which are most favorable to great ac 
3uracy of operation. rdance with the invention disclosed in 

pplication, the extent of each cross 
vement is determined by the length 

of time during which a switch operated by the 
table remains closed, this length of time being 
subject to change by mechanism under the con 
trol of the operator. The present invention 
differs essentially in that the extent of each 
cross feeding movement is determined, inde pendently of the opening of the table operated 
Switch, by a means operated directly by the feed 
mechanism itself so that feeding is stopped after 
a predetermined amount of movement of such 
feed mechanism, this amount of movement being subject to change by mechanism under the con 
trol of the operator. - The present invention also relates to various 
features of mechanism for accomplishing the de 
sired results, all as hereinafter set forth in de 
tail. While the invention is herein disclosed as in corporated in a surface grinding machine, it will 
be understood that it is not necessarily limited 
to this or to any particular type of grinding ma 
chine, but may be usefully embodied in other 
grinding machines having automatic table trav 
erse and cross feed mechanisms. 
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cross slide of the machine:, . 

- The before mentioned and other features of 
the invention will be best understood and ap preciated from the following description of a pre 
ferred embodiment, selected for purposes of illus tration and shown in the accompanying draw 
ings in which:. . . . . . . . . . . . . Fig.1 is a view in perspective showing the gen 
eral organization of the machine; Fig.2 is a fragmentary front elevation, partly 
in section and with a portion broken away, show 
ing the table traverse mechanism; . . . . Fig. 3 is a fragmentary front elevation show 
ing the mechanism for controlling and adjusting 
the extent of table traverse; . . . . . Fig. 4 is a fragmentary view in vertical section 
through a portion of the croSS feed mechanism; Fig. 5 is a fragmentary view invertical section 
through another portion of the cross feed 
mechanism; . . . . . . . . . . . . . . . . . . . . . Fig.6 is a view.in perspective taken from the 
right rear and showing portions of the table 
traverse and cross feed mechanisms below the 

Fig. 7 is a view in perspective taken from the 
front left and showing portions of the cross feed 
mechanism but omitting the table traverse 
Inechanism; . . . . . . . . . . . . . . . . . . . . Fig. 8 is a view in elevation of a portion of the 
cross feed mechanism, this view being taken from 
the left as shown in Fig.6 and from the rear as 
shown in Fig. 7, certain parts being omitted in 
order that others may more clearly appear; Fig. 9 is a view in vertical section through the 
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vided spaced transverse ways, 5 and 6 
55 

mechanism for operating the switch which limits 
operation of the cross feed mechanism; . . . the end Fig. 10 is a rear perspective view of 
feed switch; and Fig.11 is a wiring diagram. . . . . . . . . 
In its general organization the illustrated ma 

chine includes a box frame 10 from the rear of 
which rises an upright column or post it. The 
grinding wheel f2, together with its spindle and 
individual driving motor 13, are mounted for 
vertical adjustment in a slide carrier movably 
mounted in the post it. The operative position 
of the grnding wheel is adjusted and controlled 
by a hand wheel 14, conveniently projecting from 
the front wall of the machine frame 10. The connecting mechanism is notherein shown since 
it forms no part of the present invention but is 
well known in the industry. In the top of the machine framei O are pro 

rests the cross slide 7. The slide Tis provided 
herein shown as V-shaped, and in these." 
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with longitudinal ways in its upper face toward 
the rear and in these slides the elongated work 
table 8 carrying an adjustably mounted magnetic 
chuck f9 upon which the work to be ground by 
the wheel 2 is clamped. 

Table traverse mechanisin2 
I.Ongitudinal traverse of the work table 8 back 

and forth on the cross slide 7 is effected through 
the medium of a transverse shaft 20, see Figs. 2 
and 6, actuated either by connections to an in 
dividual motor, not shown, or by the hand wheel 
2f which projects forwardly through the front 
Wall of machine frame 0 near its left hand side. 
In Fig. 6 the inner end of the Shaft 20 is shown 
as journalled in a gear reduction unit 22 inter 
posed between it and its driving motor. It is 
provided With a fast toothed collar 23. Its outer 
end is Suitably journalled in the front, Wall of the 
machine frame 0. The shaft carries a loose 
sleeve 24 formed integral at one end with a pinion 
25 and at the other with a grooved ring in which 
rests a shipper segment 26. The sleeve 24 also 
has clutch teeth projecting from its opposite ends, 
those at the front being shown in Fig. 2 and those 
at the rear being shown in Fig. 6. The segment 
26 extends outwardly and downwardly, see Fig. 2, 
being provided with a shank portion which is 
guided for transverse movement on a guide rod 
27 disposed parallel to the shaft 20. This shank 
portion in turn has a pin and slot connection with 
the short inner arm 28 of a bell crank lever piv 
otally mounted to rock on a short shaft 29 pro 
jecting from the left side wall of the machine 
frame. The other and longer arm of the bell 
Crank lever comprises a handle 30 located outside 
the wall of the frame. When the handle 30 is 
SWung in One direction the sleeve 24 is shifted 
toward the right, as seen in Fig. 6, and is posi 
tively clutched to the shaft 20 through the col 
lar 23. Under these conditions rotation of the 
shaft 2 to effect the longitudinal traverse of the 
work table 8 is carried out by power from the 
motor. A latch 3 maintains this power connec 
tion until released by the operator. On the other : 
hand, when the handle 30 is swung in the oppo 
Site direction, the sleeve 24 is shifted toward the 
left, unclutched from the shaft 20 and clutched to 
the hub of the hand wheel 2, whereupon longi 
tudinal traverse can be effected as a manual oper ation. 
The pinion 25, notwithstanding its shifting with 

the Sleeve 24, always remains in mesh with a large 
gear 32 fast on a grooved transverse shaft 33 
which is journalled in bearings provided in the 
front and rear walls of the machine frame 8. 
Splined on the shaft 33 is a collar 34 formed in 
tegral with a sprocket wheel 35. The collar 34 is 
embraced between the walls of a yoke 36 depend 
ing from the lower surface of the cross slide 7, 
as shown in Fig. 2 but omitted from Fig. 6. 
When the slide is given a cross feeding movement, 
as will be presently explained, the yoke 36 shifts 
the sprocket wheel 35 longitudinally along the 
splined shaft 33 while Operative connection be 
tween the two is at all times maintained. 
A sprocket chain 37 runs about the Sprocket 

wheel 35, upwardly over idler rolls 38, 38, in the 
slide 7 and thence in opposite directions to points 
of connection with the work table 8 adjacent its 
opposite ends and in its under face. It will be 
apparent, therefore, that rotation of the shaft 20 
either manually or by power will, through the 
sprocket connections above described, impart a 
longitudinal traverse movement to the work table 

b 

5 

O 

5 

20 

30 

40 

5 5 

60 

70 

4. 
f8 in a direction depending on the direction in 
Which the said shaft 20 is rotated. 
In the power operation of the machine, the 

length of Work table movement and its points of 
reversal are determined by a pair of dogs 39 and 
40 adjustably mounted in an undercut slot 4 pro 
vided in the front edge of the table 8, as shown 
in Fig. 1. To this end a sector 42 is mounted 
to rock on a horizontal axis with a shaft 43 pro 
jecting forwardly from the casing of a reversing 
switch 44 secured to one side of the cross slide 
f, as shown in Fig. 3. The shaft 43 projects for 
wardly and is provided with a knurled operating 
head 45 at its forward end. A pin 46 projects for 
wardly from one corner of the sector into the path 
of the dog 39 and a pin 47 projects rearwardly 
from the other corner of the sector into the path 
of the dog 40. When either dog 39 or 40 rocks 
the sector 42 the Switch 44 is thrown and the 
table operating motor is reversed and With it the 
direction of table movement. The reversing 
Switch 44 has a snap action and it is so con 
structed and so connected with the sector 42, 
that it is not thrown until the sector is very near 
the end of its movement in each direction. Op 
eration of the reversing switch may be effected 
manually by turning the operating head 45 at any 
time when the sector 42 is clear of the dogs 39 
and 40. 
At either end the table 8 carries a Wedge cam 

£8, one only being shown in Fig. 3, which co 
operates with a safety SWitch 49 mounted at One 
side of the casing of the reversing switch 44. 
ille Switch 49 is normally closed and is opened by 
the depression of a roll-carrying plunger 50 
standing in the path of the Wedge cams 48. Ac 
cordingly, if for any reason the table fails to 
reverse, one or the other of the cams 58 will 
depress the plunger 50, throw the switch 49 and 
stop the table motol, and preferably the entire 
machine, as Will be presently explained. In the 
normal operation of the machine, of course, the 
table is reversed before the cans 48 reach the 
position of the plunger 50. 

Cross feed mechanism. 
The individual cross feed notor 5 is shown as 

attached to the right hand Wall of the machine 
frame G. It is connected through a pair of cou 
ping collars 52, see Fig. 4, to a shaft 53 jour 
nalled in a bracket 54 mounted within the ma 
chine frame 0. The shaft 53 carries a Worm 55 
which is always in mesh With an elongated pinion 
55 mounted on a transverse shaft 5 journalled 
in the upstanding legs of a yoke 58 within the 
enclosure of the frame 0. 
The elongated pinion 56 is always in mesh 

With a gear 59 fast on a shaft 60 which carries 
the cross feed lead screw 6 threaded into an 
elongated nut 62. The nut 62 is rotatably held 
in the front Wall of the machine frame by means 
of a rollel thrust bearing 63 and is connected to 
a hand Wheel 64 projecting from front in con 
verient reach of the operator. At its inner end 
the shaft 63 is connected through ball thrust 
bearings 65 to a second yoke 66 projecting down 
Wardly from the lower face of the cross slide 
at the light hand side of the yoke 36 already men 
tioned. This connection is the point of applica 
tion of the cross feeding mechanism to the cross 
slide. In cross feeding in either direction, move 
inent is derived either from manual rotation of 
the hand Wheel 64 and nut 62 or from power 
rotation in the nut 62 of the Screw 6, through 
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its connections with the shaft 53 and the motor 
5. Means is provided for frictionally resisting the 
rotation of the nut 62. As shown, there is a friction washer 67 interposed between the nut 
and the outer race of the adjacent bearing 63. 
Preferably, the bearings 63 are so arranged that 
longitudinal pressure can be applied thereto by 
means of a threaded flanged bushing. The bush 
ing may be so adjusted as to load the bearings 
to enable them to additionally resist turning of 
the nut 62, under normal rotation of the screw 6 
by power transmitted from the motor 51. How 
ever, the resistance offered by the washer 67 and by bearings 63 is not so great as to interfere with 15 
rotation of the nut by means of the hand wheel 64. Upon power cross feeding in the forward 
direction, if the feeding is not otherwise stopped, 
the gear 59 will be brought into engagement with 
the nut 62 and the nut will then turn in the bear. ings 66, thus stopping the feeding and prevent 
ing any damage to the machine. Under the con 
dition last mentioned, the hand wheel 63 will turn 
idly with the nut 62. Upon power cross feeding 
in the rearward direction, if the feeding is not 
otherwise stopped, the cross feed slide it will 
reach its rearward limit of movement and there 
upon frictional engagement between the shaft 

and the nut 62 is increased to such an extent 
that the nut will turn with the shaft in the roller 
bearings 66, thus permitting continued rotation 
of the shaft without damage to the machine. In 
this case also the hand wheel 64 will turn idly 
with the nut 62. Afriction mechanism is provided for placing 3: 
a drag on the shaft 53 in order to reduce the 
tendency of the shaft to spin and cause over 
feeding when the motor 51 is cut off. As shown 
in Fig. 4, the shaft 53 carries for this purpose a 
friction disc 63 which runs between cylindrical 
friction members 69 and 70 yieldably and adjust 
ably held together, and locked against rotation by 
an anchor screw T threaded into the base of the 
bracket 54. The friction on the disc 68 may be 
adjusted so that the shaft will practically come 
to a dead stop the instant current is cut off from 
the motor 5?. However, by reducing the friction 
cn the disc 68 to a limited extent, the momentum 
of the moving parts may be permitted to carry the 
shaft 53 a few turns ahead after current has been 
cut off from the motor 51. 
It will be understood that the general construc 

tion of the machine heretofore described is no 
part of my invention and is essentially the same as 
that disclosed in my before mentioned Letters 
Patent No. 2,390,978, but that the operation and 
control of its elements and the mechanism there 
for now to be described is the subject matter of 
ny invention. 

Wiring diagram and control Suitches 
As already stated, the grinding wheel is driven 

by the spindle motor 13, the table is transversed 
or reciprocated by a motor not shown, and the 
cross feed mechanism is operated by the motor 
St. These motors are shown diagrammatically 
in the wiring diagram, Fig.11. Power is supplied 
to a mainline switch 72, and beyond the switch 72 
current is carried directly to the spindle motor 
3. Interposed in the line is a table on-and-off 
switch T3. Beyond the switch 73 one wire leads directly 
to the table traverse motor, and the other two 
the before mentioned table reversing switch 44. 

lead to the table traverse motor through 

lo 

20 

It will be clear that with the switches 
6 

closed the direction of rotation of the table motor 
can be reversed by the operation of the switch 
44 by means of the sector 42 in the manner 
already described, From the switch 12 current is conducted to the 
feed motor 51, two wires being connected through 
a feed motor control switch 74, the purpose of 
which will be more fully described, and one of 
the same wires and another wire being connected 
through a feed reverse switch 75, the purpose of 
which will also be more fully described. The main line switch 72 is operated by a sole 
noid 76 in a control circuit which includes a 
start-and-stop switch 77 which is, or may be, 
of standard construction and which is mounted 
on the front of the machine, as shown in Fig.1. 
The circuit of the solenoid 76 controlling the 
main switch also extends through the before 
mentioned safety switch 49, with the result that 
when the switch 49 is opened by one or the other 
of the wedge cams 48, the main switch will be 
opened and operation of the entire machine will 
be stopped. 
at one end, or the other end, or at both ends 
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5 from the position shown in Figs. 6 and 7 will cause 

The operation of the feed motor is effected 
of the table travel by means of a switch 78 in 
cluded in an electrical connection extending be 
tween two of the main circuit wires. The switch 
i8 is preferably a micro-switch and it is mounted 
on the cross feed slide adjacent the rocking sec 
tor 42. Connected with the sector 42 to be mov 
able therewith is a cam 79, shown in Fig. 3, hav 
ing a flat bottom side which is horizontal when 
the sector is in its mid position. The switch 78 is provided with an upwardly biased plunger 80, 
the switch being closed when the plunger is in its 
uppermost position. The cam 79 is so related 
to the switch 78 that the cam holds the switch 
open when the sector 42 is in either of its ex 
treme positions. However, when the sector is 
moved back from either of its extreme positions 
the plunger 80 rises and the switch 78 is closed, 
thus starting the feed motor in the manner to be 
presently described. 

Connected in the same control circuit with the switch 78 is a solenoid 87 which serves when en 
ergized to cause the engagement of a friction 
clutch 88-88 the construction and function of 
which will be hereinafter fully described. Also 
connected in the same circuit with the switch 78 
and in parallel with the solenoid 87 is a solenoid 
89 controlled by a space feed limit switch 90 which 
is preferably a micro-switch. The solenoid 89 
serves to operate the before-mentioned feed no 
tor control switch 74. 

Space feed limit SUitch. 
The space feed limit switch 90 is carried by the 

rear leg of the yoke 58, as shown in Fig. 6. It 
is normally closed and it has an upward project 
ing plunger 90 which serves to open the switch 
When it is moved downward. For opening the 
switch 90 after a predetermined amount of feed 
ing has been effected, there is provided means 
movable in unison with an element of the feed 
mechanism. Preferably this means is a rotary 
cam, and I have shown a uniform motion cam 
9 loosely mounted on the shaft 57 which carries 
the pinion 56. The cam 9 can be connected with 
the shaft to turn therewith, by means of the said 
clutch 88-88. The cam face is preferably at 
the periphery and the cam is symmetrical and 
heart-shaped so that rotatia on in either direction 
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it to engage the plunger 90 to open the Switch 90. 
A suitable means is provided for restoring the 

cam 9 independently of the feed mechanism to 
its initial position after each movement. For 
this purpose there is shown a Symmetrical cam 
92 connected with but spaced from the cam 9, 
this cam being also heart-shaped and being 
mounted with its point extending oppositely from 
that of can 9. The two cams 9 and 92 are 
normally held in the positions shown by means 
of a vertically movable weight 93 provided with 
a roller 94 Which rides on the cam 92. The 
weight 93 is carried by a member 95 guided for 
vertical movement between the cam 92 and a col 
lar on the shaft 57 and also guided by a vertical 
rod 97 extending through a hole in a plate 98 
carried by the casing of the Switch 90. The cam 
92 is preferably of the logarithmic type which 
has the advantage that the Weight acts thereon 
With uniform rotative force irrespective of the 
position of the cam. When the shaft 57 is rotated 
With the clutch 88 engaged, the cans are moved 
in either direction out of the positions shown, 
but when they are released by the clutch the 
Weight 93 acting on the cam 92 immediately re 
turns both cams exactly to their normal pOSi 
tions. The exact normal positions are assured 
by the seating of the roller 94 in the notch in the 
can 92. 
As already stated, the cams 9 and 92 may be 

connected with the shaft 5 to rotate thelewith 
by means of the clutch which comprises a fric 
tion disc 88 with an annular rim interposed be 
tween the cam 9 and a collar 88" fastened on the 
shaft 57 and having a conical rim. The friction 
disc constituting the loose member of the clutch 
can be engaged by means of an arm 99 which is 
horizontally pivoted at 00 and which can be 
SWung to the left as viewed in Fig. 6 to move the 
cams endwise along the shaft and thereby exert 
clutching pressure betwen the friction disc 88 and 
the collar 88. The arm 99 is actuated by the 
before mentioned Solenoid 87 when the solenoid 
is energized. A pin carried by the Solenoid en 
gages a rod G to Swing it upward about the 
axis of a horizontal shaft 02 to which the arm 
f0 is attached. The shaft 02 at its opposite 
end carries an upward projecting arm 03 which 
has pivotal connection. With a lever 04 pivoted 
at its upper end to a link fo5. A link 06 is piv 
otally connected with the lever 04 near the cen 
tel, thereof, this link being pivotally connected 
at its other end to the before-mentioned arm 99. 
It Will be clear that through the mechanism 
shown, energization of the Solenoid 87 will tend 
to move the arm 99 toward the left, as shown in 
Figs. 6 and 9. So long as the Solenoid remains 
energized, the friction clutch 88 will remain en 
gaged and the cans 9 and 92 will turn in unison 
with the shaft 57 and gear 55. Continued move 
ment of the cam 9 will cause it to engage the 
plunger 90 a to open the switch 93 which in turn 
causes the deenergization of the solenoid 89 and 
the opening of the Switch 4, thus stopping the 
feed motor. The stopping of the feed motor stops 
rotation of the cann 9 , but the clutch 88 remains 
engaged and the can cannot be returned to its 
initial position until the clutch is released by the 
opening of the switch 8 and the resultant de 
energization of the Solenoid 87. 
In order that the space feed limit switch 90 

may be used for varying aimounts of feeding 
In OVenent, provision is made for relative adjust 
ment betwen the cam and the SWitch. Prefer 
ably the SWitch is bodily movable, and when 
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8 
there is a peripherally acting cam, such as 9, 
the SWitch is adjustable to Ward and from the can 
along a line which passes through the center of 
the plunger 90a and the center of the cam 9. 
Preferably the SWitch movement is vertical. 
When the Switch is in its uppermost position it 
is barely held Open by the cam 9 in its normal 
position, and the mounting and adjustment are 
such that a very slight downward movement of 
the Switch permits the Switch to be opened by 
movement of the cam through a very small angle. 
Further downward movement of the Switch re 
quires increased rotative movement of the can 
to effect opening; and with the switch in its low 
elm Ost position, it will not be opened until the 
cam 9 has made nearly a half revolution. The 
Switch 90 is secured to a member t07, which 
embraces the adjacent leg of the yoke 58 and is 
Vertically slidable thereon. Wertical adjustment 
of the SWitch is effected by means of a rack 08 
formed on a rod which projects upward from 
the SWitch casing and which meshes with a 
pinion 09 on a shaft f 0 journalled in blocks 
and f 2 supported on the legs of the yoke 58. 
The shaft 0 at its forward end carries a pinion 
if3, which meshes with a pinion 4 on a shaft 
f 5, parallel with the shaft 0 and journalled 
in the same blocks and 2. 
The Shaft 5 at its front end extends through 

a bushing 6 carrying at its front end a knob 
fi and a graduated dial 8, and the shaft is 
movable both rotatably and endwise with respect 
to the bushing. The bushing 6 is rotatable in 
a bearing 9 carrying a collar 20 with a mark 
thereon to cooperate with the graduations of the 
dial fi8, the said bearing being secured to the 
front wall of the frame 0. The graduations of 
the dial 8 are preferably such as to represent 
thousandths of an inch of feeding. Rotative 
novement of the knob and of the bushing 
6 is transmitted to the shaft 5 by means of 

two arns f22 and 23 secured respectively to the 
bushing and to the shaft. These arms are con 
nected by means of a pin 24 which transmits 
l'otative motion while permitting the shaft 5 
and the alm 23 to move endwise. The pinions 

3 and 4 are of sufficient width to remain in 
mesh notWithStanding the endwise movement of 
the Shaft 5 and the pinion f f4. 
The shaft if S can be manually moved endwise 

by means of a knob 25 at the front end thereof 
and this endwise movement of the shaft 5 is 
utilized to change the position of the feed re 
Versing SWitch 75 as shown in Fig. 9. A collar 
f26 is loosely mounted on the shaft 5 between 
two other collars fast thereto. The collar (26 
has an upstanding portion which embraces the 
shaft if 0 to prevent rotation, and it has a de 
pending portion which engages the reversing 
SWitch to Operate it. When the knob 25 and the 
Various partS movable thereby are in their for 
Ward positions, CrOSS feeding is effected in the 
inWard direction, and when the knob 25 and the 
Said parts are in their rearward positions, cross 
feeding is effected in the outward direction. 
From the foregoing description the operation 

of the CTOSS feed control mechanism will be read 
ily apparent. As already explained, the sector 
SWitch 78 is permitted to close as soon as the cam 
19 starts to move with the sector 42 and the 
SWitch remains closed during substantially the 
entire time of movement of the sector from one 
extreme position to the other. 
The Space feed limit switch 90 is normally 

closed and the closing of the switch 78 energizes 
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the solenoid 89 to close the feed motor switch 
T4 and start the operation of the feed motor 5. 
The feed motor, acting through the mechanism 
which has been fully described, causes feeding 
in the inward direction or in the OutWard di 
rection according to the position of the feed re 
verse Switch 75. 
The closing of the circuit through the Sector 

SWitch 78 sinultaneously energizes the Solenoid 
87 which serves through the medium of the 
mechanism described to effect the engagement of 
the clutch 88 and to cause the can 9 to rotate 
in one direction or the other, according to the 
direction of feeding. Feeding will continue until 
the cam 9 engages the plunger 903 of the Switch 
90 to open the switch and stop the feed motor. 
The cam 9 is symmetrical and its action is there 
fore the Same, irrespective of the direction of 
rotation. The opening of the switch 99 deener 
gizes the Solenoid 88 and opens the switch T4, 
thus stopping the feed motor. Over-running of 
the motor and connected parts is prevented or 
limited by the friction disc 68, in the manner al 
ready, described. 
Notwithstanding the stopping of feeding the 

solenoid 87 remains energized until the sector 42 
completes its rocking movement, whereupon the 
sector switch 78 is again opened, thus deenergiz 
ing the solenoid. 87 and releasing the pressure on 
the clutch 88. Then the weight 93, acting on 
the heart-shaped can. 92, returns both cams to 
their initial positions. The cam 92 is symmetrical, 
and the action is therefore the same, irrespective 
of the direction of rotation. 

By; vertically adjusting the switch 98 by means : 
of the-knob. , as already described, the switch 
can be so, placed that it is opened after any de 
sired amount of angular movement of the can 
9. As already stated, the cam 9, is of such design 
that the rise is exactly proportionate to the an 
gular movement. It therefore follows that the 
amount of angular movement prior to the open 
ing of the switch. 9), is exactly proportionate to 
the amount of vertical adjustment of the Switch, 
Thus, the amount of feeding can be accurately 
controlled by means of the knob. T. with its grad 
ulated dial 8. 

It will be observed that feeding would be 
stopped by the reopening of the switch 78 upon 
completion of movement of the-cam 79, to its op 
posite position, even though the cam-9 had not 
yet opened the switch 90, as the opening of the 
switch 8 would deemergize the solenoids 87 and 
89. It has been found, however, that even with 
high table speeds the can 9 operates to open 
the switch. 99 before: the cam. T9 reopens the 
switch. 78. 

It has been stated that the sector Switch 8. 
is electrically connected between two of the main 
circuit wires. Preferably this connection is 
through the reversing switch 44 and also through 
an end feed sywitch 27, shown diagrammatically 
in Fig. 11, and in detail in Fig. 10. 
switch. 78 is so connected, the reversing. Switch 
has two supplemental. stationary contacts: 28, 
and 29. which are adapted to be engaged by a 
movable contact of the switch so that current is 
supplied to ones or the other" of them according. 
to the position of the switch. So far as the con 
tacts. 28, and 29-are-concerned, the switch. 44 
may be regarded as having two separate-closed. 
positions. The switch, f2 has two contacts. 39. 
and 3... which are electrically connected respec 
tively with the contacts. 28 and 29 of the revers 
ing switch. 44. 

When the: 

The switch 27 has a movable. 
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10 
contact member 32 which is electrically con 
nected with the Switch 78 and which can be 
moved to engage the contact 3, as shown in Fig. 
11, or can be moved to the left to engage the con 
tact 3 or can be moved to an intermediate posi 
tion in which it engages both of the contacts 30 
and 3f. The Switch is manually operable by a 
rock shaft 33 extending to the front of the ma 
chine, and having at its front end a handle or 
finger piece 34 by which it may be turned. At its 
rear end, as shown in Fig. 10, the shaft 33 car 
cies an eccentric 35 fitted between two upright 
elements on the movable contact member of the 
Switch. When the shaft is rocked by means of 
the finger piece 34 at the front end of the shaft 
f33, the eccentric 35 is turned to move the con 
tact member 32 to any One of its three described 
positions. 
In order that the function and operation of the 

end feed switch 27 may be more clearly under 
sto0d, let it be assumed that the table reversing 
switch 44 serves when in its left hand position, to 
cause movement of the table toward the left, and 
serves. When in its right hand position to cause 
novement of the table toward the right. It has 
already been pointed out that the switch 78 is 
open when the sector. 42 and the cam 79 are in 
one or the other of the tilted positions to which 
they are:moved by the dogs 39, and 40, but is closed 
while the sector and cam are moving from one 
tilted position to the other. 

Let it be first assumed that the reversing Switch 
is in its left hand position, and that the table 
is moving toward the left. The sector 42 and 
the came 78, art tilted toward the right, as shown 
in Figs, ... and 3, and are ready to be moved to as 
ward the left by the dog 39. Under the assumed 
conditions, the contact 28 of the SWitch. 44 and 
the contact 33 of the switch 27 are alive, arid 
current willflow through the Switch 78, as soon as 
this switch is closed by movement of the can 
9:toward the left. Current Will continue to flow 
until the calm 79, actuated by the sector 42 and 
the dog 39, reaches its opposite tilted position to 
again open the switch 78, at which instant the 
reversing, swich 44 is snapped to the right, thus 
reversing the table. The closing of the Switch 
8 starts the feeding as already explained, and 
thus feeding will be started just prior to the end of 
table, movement toward the left. Feeding is 
stopped by the can 9, and the Switch 90, as al 
ready explained. 
The reversing switch is snapped to the right 

at or about the instant that the Switch 8 is re 
opened by the movement of the cam 9 toward 
the left, and thereupon the movable contact of 
the reversing switch. disengages the Supplemen 
tary contact. 28 and engages the Supplementary 
contact (29. This serves to open... the connection 
to the switch contact. 30 and to close the con 
section to the switch contact 3-f. The table will 
now.move toward: the right, the Switch. 78 being 
heid open by the cam 79, which is now in the 
position opposite to that shown in Fig. 3. When 
the cam is next tilted toward the right by the 
dog 4, the switch 78 is again closed, but no cur 
rent flows therethrough for the reason that the 
connection to the contact. 30 has been broken, 
and therefore, no feeding takes place. From the 
description given it will be clear that feeding. OC 
curs, just before... the end of each left movement 
of the table, but that no feeding occurs at or near 
the end of each right movement of the table. Y. S. 

It will be obvious, without further detailed ex 
planation, that the above. described condition 
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can be reversed by moving the switch member 
32 to disengage the contact 30 and to engage 
the contact 3i. Feeding then occurs just be 
fore the end of each right movement of the table, 
but no feeding occurs at or near the end of each 
left movement. Feeding can be effected just be 
fore each end of the table movement by placing 
the Switch member 32 in its intermediate posi 
tion in which it engages both of the contacts 
30 and 3f. 
As already stated, the construction embodying 

the present information is in many respects 
similar to that disclosed in my prior Patent No. 
2,390,978. Cross feeding takes place during the 
interval of table reversal and with the work out 
of engagement with the wheel. There is usually 
available for feeding purposes an interval corre 
sponding to about twice three-quarters of an inch 
of table travel. When all of the feeding is done 
within this interval, the grinding wheel cuts a 
new path over the entire length of the work. 
Without this arrangement the Work returns to 
the wheel along the path already cut and grinding 
does not start until the work is carried over by 
the feed of the cross slide perhaps several inches 
from the leading end of the work. Also when the 
work approaches the end of its travel the metal 
that was left during prior reciprocation has to 
be ground away as an extra amount which is 
obviously objectionable. 
The machine embodying the present invention 

retains all of the advantages incident to the 
invention disclosed in the said patent and it will 
be apparent that the adjustment of the extent of 
cross feeding can be changed by means of the 
knob as often and as much as desired in 
perfect safety while the grinder is running. When 
hand feeding is desired, this can be readily 
effected by means of the hand. Wheel 64 Which 
can be used at any time without giving thought 
to the automatic cross feed mechanism. 
With the construction shown in the aforesaid 

prior application the amount of feeding was con 
trolled entirely by a sector Switch, such as the 
Sector Switch 78 of the present application, the 
amount of feeding being adjusted by moving the 
SWitch upward or downward so that it would be 
permitted by the sector cam to remain closed for 
a greater or less period of time. This may be 
referred to as a time anticipative feed. The con 
struction shown in my prior patent is highly 
meritorious but the present construction has 
certain additional advantages. One such advan 
tage is that the limitation of feeding is effected 
directly by a mechanical means, such as the cam 
9, which moves in unison of an element of the 
feed mechanism. This may be referred to as 
space anticipative feed, and it places a more 
definite and certain limitation on the amount of 
feeding than can be effected by means of a sector 
switch, such as 78, wherein the time of current 
flow is to some extent affected by other factors 
Such as the speed of table movement. 
A further advantage in the present construc 

tion is that the feed is always definitely stopped 
by the feed mechanism itself Without the neces 
sity for depending upon the re-opening of the 
sector switch. In the prior construction, if the 
sector should be moved accidently or otherwise 
to its intermediate position, the sector SWitch 
Would remain closed and cross feeding would 
continue indefinitely or until stopped by some 
additional mechanism specially provided for that 
purpose. 

Having thus disclosed my invention and de 
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scribed in detail a specific embodiment thereof for 
purposes of illustration, I claim as new and desire 
to secure by Letters Patent: 

1. In a glinding machine of the class described, 
the conbination of a work table, power operated 
mechanism for reciprocating the table, a cross 
feed slide carrying the table, a feed motor and 
connected mechanism for causing feeding of the 
side, a control circuit for the motor having a 
switch therein which is open during the major 
pOition of the table movement, means for closing 
the switch near the end of table movement in 
one direction to thereby start the motor and for 
opening the SWitch after a short predetermined 
interval, a second normally closed switch in the 
said control circuit, and means operated by move 
rent of the feed mechanism for opening the 
second switch after a predetermined amount of 
feeding to stop the feed motor while the first 
SWitch remains closed. 

2. In a grinding machine of the class described, 
the combination of a work table, power operated 
mechanism for reciprocating the table, a cross 
feed slide carrying the table, a feed motor and 
connected mechanism for causing feeding of the 
slide, a control circuit for the motor having a 
Switch therein which is open during the major 
portion of the table movement, a rocking sector 
Cperable by the table for reversing the table 
movement, means operated by the sector for 
closing the Switch at the beginning of each sector 
movement to thereby start the motor and for 
opening the Switch at the end of each sector 
novement, a second normally closed switch in the 
said control circuit, and means Operated by 
movement of the feed mechanism for opening 
the second switch after a predetermined amount 
of feeding to stop the feed motor while the first 
SWitch remains closed. 

3. In a grinding machine, the combination of 
a Work table, power operated mechanism for 
reciprocating the table, a croSS feed slide carry 
ing the table, a feed notor and connected mecha 
nism for causing feeding of the slide, a control 
circuit for the motor having a Switch therein 
which is open during the major portion of the 
table movement, means operated by the table 
for closing the switch shortly before the end of 
table movement in one direction to thereby start 
the motor, a second normally closed switch in 
the said control circuit, a cam advanced by the 
feed mechanism from a predetermined initial 
position for opening the second switch to stop the 
feed motor after a predetermined amount of feed 
ing, means for automatically returning the cam 
to its initial position regardless of the point to 
which it has been advanced, and manually oper 
able means for varying the amount of feeding 
prior to the opening of the second Switch. 

4. In a grinding machine, the combination of 
a Work table, power operated mechanism for re 
ciprocating the table, a cross feed slide carrying 
the table, a feed motor and connected mecha 
nism for causing feeding of the slide, a control 
circuit for the motor having a switch therein 
which is open during the major portion of the 
table movement, means operated by the table for 
closing the Switch shortly before the end of table 
movement in One direction to thereby start the 
motor, a second normally closed switch in the 
Said control circuit, a cam movable in unison 
with the feed mechanism for opening the second 
Switch to stop the feed motor after a predeter 
mined amount of can movement, and means for 
changing the relationship between the cam and 

h 
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the second switch to vary, the said predetermined: 
amount-of-cam movement prior to the opening of 
the switch. 5. In a grinding machine, the combination of 
a work table, power operated mechanism for 
reciprocating the table, a crossfeed slide carry 
ing the table, a feed motor and connected mecha 
nism for causing feeding of the slide, a control 
circuit; for the motor, having, a switch; therein: 
which is open; during the major portions of the. 
table movement, means: operated by the table for 
closing the switch shortly before the end of table, 
movement in one direction to thereby start the 
motor, a.second, normally closed switch in the 
said, control circuit, a can movable-in, unison; 
with the feed mechanism for opening the second. 
switch to stop the feed motor, after, a predeter 
mined amount of cam movement, the cam being 
so, formed, that the rise thereof is proportionate. 
to the extent of feeding. movement, and means. 
for changing the relationship between: the cam 
and the second switch to vary...the said prede 
termined amount of can movement prior to the 
opening of the Switch: 

6. In a grinding machine, the combination of: 
as workstable, power operated mechanism... for: 
reciprocating the table, a cross: feed:slide: carry 
ing the table, a feed motor and connected mecha 
nism for:- causing feeding of the slide, a control 
circuit for; the motor having a switch therein 
which is open during the major portion of the 
table movement, means: operated by the table. 
for closing the switch shortly before the end of 
table movement.in, one direction to thereby, start: 
the motor a second normally, closed switch in 
the said control, circuit; a can rotatable; in uni 
son with a rotatable element, of the feed mecha 
nism; means engageable by the periphery of the 
can for opening the second switch after, a pre 
determined amount of cam movement, and means, 
for changing the position of the second switch to 
vary: the said predetermined amount of -cam. 
movement prior to the opening of the Switch. 

7. The combination in a grinding machine, of 
as work table, power operated mechanism, for, 
reciprocating the table, a crossfeed slide carry 
ing the table, a feed motor and connected mecha 
nism; for causing feeding of the slide, a control. 
circuit for the motor having a switch therein 
which is opera during the major portion of, the 
table movement, means operated by the table for 
closing the switch; shortly before the end of table. 
movement in one direction to thereby, start the 
motor, a second-normally closed, switch. in the 
said: control circuit, a can movable in unison with: : 
ther feed mechanism for opening, the second 
switch to stop the feed motor after, a pre 
determined: amount of cam movement, means for 
changing the relationship between the cam; and 
the second-switch to vary-the-said predetermined. 
amount-of can movement prior to the opening, 
of the switch, and means for automatically re 
turning the camindepedently of the feed mecha 
nism- to its initial position. after each: feeding 
movement. 

8. The combination in a grinding machine, of 
a work: table, power, operated mechanism. for. 
reciprocating the table, a cross: feed slides carry 
ing the table, a feed-motor and connected mecha 
nism for: causing feeding-of-the-slide, a control, 
circuit for the motor. having...a switch therein. 
which is open during the major portion of the: 

overinent, means, operated by the table; table for: closing the switch shortly before...the end of 
table movement in one direction to-thereby start. 
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14 
the motor, a second normally closed switchin, 
the said, control circuit, a cam rotatable, in unit. 
son, with an element of the feed mechanism for, 
opening the second switch to stop the feed motor. 
after a predetermined amount of cam movement, 
means for moving the second switch toward and 
from the cam to vary, the said, predetermined, 
amount of cam movement prior to the opening: 
of the switch by the cam, and means for auto 
matically returning the can independently of the 
feed mechanism to its initial position after each 
feeding movement. 

9. The combination in a grinding. machine, of 
a work table, power, operated mechanism for. 
reciprocating the table, a cross, feed slide carry 
ing the table, a feed motor and connected mecha 
nism for causing feeding of the slide, a control. 
circuit for the motor having, a switch therein. 
which is open during the major portion of the 
table movement, means operated by the table for 
closing the switch shortly before the end of table, 
movement in one direction to thereby, start the 
motor, a second normally closed switch; in the 
Said control circuit, a can rotatable in unison; 
with an element of the feed mechanism for open 
ing the second switch to stop the feed motor, after 
a predetermined - amount of cam movement, 
means for moving the second switch toward and 
from the can to vary...the said predetermined 
amount, of cam movement prior to the opening of 
the switch by the cam, a second cam rigidly, cons. 
nected with the first can, and a vertically mov 
able Weight acting on the second can and serv 
ing to automatically. return both cams, inde 
pendently to the feed mechanism, to their initial 
positions after each feeding movement. 

10. The combination in a grinding machine, 
of a-work table, power operated mechanism for. 
reciprocating the table, a cross.feed slide carry 
ing... the table, a feed motor and connected. 
mechanism for causing. feeding of the slide, a 
control circuit for the motor having a switch: 
therein which is open during; the major portion, 
of the table movement, means for closing, the 
Switch... near the end-of, table movement in one. 
direction. to thereby start, the motor and for 
opening. the switch, after a short predetermined 
interval, a movable cam, a clutch for, causing the 
cam to move in unison with the feed mechanism, 
a solenoid for engaging the clutch upon closing 
of the first switch-and for disengaging the clutch: 
upon opening thereof, a second normally closed 
switch, in the circuit, adapted to be opened by 
the cam to stop the feeds motor... after a press 
determined amount of cam movement, means for 
changing, the relationship between the cam, and 
the second switch to vary, the said predetermined 
annount of -cam, movement; prior to the opening. 
of the Switch by the Cam, a means: for automati 
cally returning. the cam, independently of the 
feed mechanism. to its initial position, upon dis 
engagement of the clutch. 

11. The combination in agrinding machine of 
a work... table, power. opereted mechanism for 
reciprocating the table, a cross feed slides carry 
ing, the table, a feeds motor... and, connected: 
mechanism for causing feeding of: the slide; a 
control circuit; for, the motor. haying a switch 
therein. Which is, open during the major portion. 
of-the-table movement, means, operated by, the 
table for... closing the switch shortly...before...the 
end of table movement in. One-direction...to.there 
by start, the: motor, a second normally closed; 
Switch: in the said control circuit, a cam mov 
able in a unison. With the ... feed. mechanism, for 
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opening the second Switch to stop the feed motor 
after a predetermined amount of cam movement, 
a rack and pinion mechanism for moving the 
second switch relatively to the cam to vary the 
Said predetermined amount of cam movement 
prior to the opening of the Switch, and a device 
at the front of the machine for rotating the 
pinion to move the Switch. 

12. The combination in a grinding machine, 
of a work table, power operated mechanisim for 
reciprocating the table, a cross feed slide 
carrying the table, a feed motor and connected 
mechanism for causing feeding of the slide, a re 
versing SWitch for the motor, a control circuit 
for the motor having a SWitch therein which is 
Open during the major portion of the table 
movement, means operated by the table for clos 
ing the SWitch shortly before the end of table 
movement in One direction to thereby start the 
motor, a second normally closed switch in the 
Said control circuit, a Cam movable in unison 
with the feed mechanism for opening the second 
SWitch to stop the feed motor after predeter 
mined amount of Cam movement, means includ 
ing a manually rotatable knob at the front of 
the machine for moving the Second switch toward 
and from the cam to vary the said predetermined 
amount of cam movement prior to the opening 
of the SWitch, and means for operating the re 
versing Switch including a rod manually mov 
able longitudinally and extending through the 
aforesaid rotatable knob. 

13. The combination in a grinding machine, 
of a Work table, power operated mechanism for 
reciprocating the table, a croSS feed slide carry 
ing the table, a feed motor and connected 
mechanism for causing feeding of the slide, a re 
versing Switch for the motor, a control circuit 
for the motor having a switch therein which is 
Open during the major portion of the table move 
In ent, means Operated by the table for closing 
the SWitch shortly before the end of table move 
ment in One direction to thereby start the no 
tor, a second normally closed switch in the said 
Control circuit, a can movable in unison with the 
feed mechanism for opening the second Switch 
to stop the feed motor after a predetermined 
amount of cam in ovement, a rack and pinion 
mechanism for moving the second switch to 
Ward and from the cam to vary the said prede 
termined amount of can movement prior to the 
Opening of the switch, a rotatable shaft carrying 
the pinion and also having a second pinion there 
On, a Second shaft parallel with the first shaft 
and movable rotatively and longitudinally, the 
Said Second shaft, having a pinion meshing with 
the Second pinion on the first shaft whereby the 
Second shaft upon rotation will move the switch, 
and mechanism connecting the second shaft with 
the reversing SWitch whereby the second shaft 
upon longitudinal movement Will operate the re 
versing SWitch. 

4. The combination in a grinding machine, 
of a WClk table, power operated mechanism for 
reciprocating the table, a cross feed slide carry 
ing the table, a feed motor and connected mecha 
nism for causing feeding of the slide, a reversing 
SWitch for the notor, a control circuit for the 
motor having a switch therein which is open dur 
ing the major portion of the table movement, 
means Operated by the table for closing the 
SWitch shortly before the end of table movement 
in One direction to thereby start the motor, a 
Second normally closed SWitch in the said con 
trol circuit, a cam movable in unison with the 
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16 
feed mechanism for opening the second switch 
to stop the feed motor after a predetermined 
amount of cam movement, a rack and pinion 
mechanism for moving the second Switch toward 
and from the can to vary the said predetermined 
amount of cam movement prior to the opening 
Of the SWitch, a rotatable Shaft carrying the 
pinion and also having a Second pinion thereon, 
a second shaft parallel with the first shaft and 
innovable rotatively and longitudinally, the said 
Second shaft having a pinion meshing with the 
Second pinion on the first shaft whereby the 
Second Shaft upon rotation Will move the SWitch, 
a collar surrounding the second shaft and rotat 
able thereWith but held against longitudinal 
novernent, the Said collar being manually rotat 
able to rotate the shaft, and mechanism con 
necting the second shaft with the reversing switch 
whereby the Second shaft upon longitudinal 
movement will operate the reversing Switch. 

15. In a grinding machine of the class de 
scribed, the combination of a work table, power 
operated mechanism for reciprocating the table, 
a cross feed slide carrying the table, a feed mo 
tor and connected mechanism for causing feed 
ing of the slide, a control circuit for the motor 
having Cpenable and closable Switch means there 
in which is mounted for bodily adjustment, 
means for closing the said Switch means near 
the end of table movement in each direction at 
a point in the cycle of the machine varied in ac 
cordance with the adjusted position of said 
Switch, a switch in the circuit operated by the 
table so as to occupy two separate closed posi 
tions when the table is near the ends of its travel 
in the respective directions, a SWitch in the cir 
cuit manually operable to connect the Switch 
means with the said table operated Switch when 
the latter is in either of its two closed positions 
whereby the feed motor is started near one end 
of the table travel or near the other end thereof, 
and means for opening the said Switch means 
after a predetermined amount of feeding. 

16. In a grinding machine of the class de 
scribed, the combination of a work table, power 
Operated mechanism for reciprocating the table, 
a cross feed slide carrying the table, a feed mo 
tOr and connected mechanism for causing feed 
ing of the slide, a control circuit for the motor 
having openable and closable switch means 
therein, means for closing the said switch means 
near the end of table movement in each direc 
tion, a SWitch in the circuit operated by the 
table so as to occupy two separate closed posi 
tions when the table is near the ends of its travel 
in the respective directions, a Switch in the cir 
cuit manually operable to connect the Switch 
means With the said table Operated switch when 
the latter is in either of its two closed positions 
Whereby the feed motor is started near one end 
of the table travel or near the other end thereof, 
the last said Switch being also manually operable 
to connect the Switch means with the last said 
table Operated switch when it is in both of its 
two closed positions whereby the feed motor is 
Started near each end of the table travel, and 
means for opening the said switch means after 
a predetermined amount of feeding. 

17. In a girinding machine of the class de 
Scribed, the combination of a work table, power 
Operated mechanism for reciprocating the table, 
a cross feed slide carrying the table, a feed mo 
tor and connected mechanism for causing feed 
ing of the slide, a control circuit for the motor 

75 having a Switch therein which is open during.   
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the major portion of the table movement, means 
for closing the first switch near the end of table 
movement in each direction and for Opening the 
said switch after a short predetermined interval, 
a Switch in the circuit operated by the table so as 
to Occupy two separate closed positions When 
the table is near the ends of its travel in the re 
Spective directions, a third Switch in the circuit, 
manually operable to connect the first said 
switch with the second said switch when the 
latter is in either of its two closed positions where 
by the feed motor is started near one end of 
the table travel or near the other end thereof, 
a fourth normally closed SWitch in the circuit, and 
means operated by movement of the feed mecha- 15 2,021,066 

5 

-10 

18 
nism for Opening the fourth said switch after a 
predetermined amount of feeding to stop the 
feed motor while the first Switch remains closed. 

STEPHEN E. WOODBURY. 
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