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The invention relates to grinding machines,
and more particularly to a double work head type
multiple wheel crankshaft grinding machine.

One object of the invention is to provide a
multiple wheel crankshaft grinding machine in
which a pair of spaced grinding wheels are ar-
ranged slinultaneously and successively to grind
bairs of spaced aligheq crankpins on a crank-
shaft. Another object of the invention is to pro-
vide a multiple wheel grinding machine in which
a transversely movable wheel slide serves as a
support for a pair of longifudinally movakle
grinding wheel heads which are arranged for g
longitudinal indexing movement simultaneously
to position the grinding wheels successively into
operative relaticn with spaced pairs of aligned
pins on a crankshaft. A further object of the
invention is to provide a multiple wheel grind-
ing machine in which an electrically controlled
fluid pressure interlock is provided between the
grinding wheel feeding mechanism and . the
grinding wheel traversing or indexing mecha-
nism,

Another object of the invention is to provide
a fluid pressure interlock between the longitudi-
nal grinding whesl traversing or indexing mech-
anism and the grinding wheel feeding mecha-
nism which is arranged so that when the index
control valve is shifted to initiate an indexing
movemernt of ene or hoth of the grinding wheels,
the grinding wheel feed control valve is auto-
matically shifted to move the grinding wheel
slide rearwardly to an inoperative position be-
fore the grinding wheel indexes longitudinally.
A further cbiect of the invention is to provide
an electrically controlled interlock which is ar-
ranged so that a wheel feeding movement can-
not be initiated until both of the grinding wheels
are indexed into corresponding aligned positions
relative to the crankpins to be ground. Other
objects will ke in part obvious or in part pointed
out hereinafter.

The invention accordingly consists in the faa-
tures of construction, combinations of elements,
and arrangements of parts, as will be exemplified
in the structure to be hereinafter described, and
the scope of the application of which will be indi-
cated in the fellowing claims.

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

Fig. 1 is a front elevation of the impreved
crankshaft grinding machine;

Fig. 2 is a right-hand elevation, on an enlarged
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scale, of the crankshaft grinding machine shown
in Fig. 1;

Fig. 3 is a vertical sectional view, on a reduced
scale, taken approximately on the line 3—3 of
Fig. 2;

Fig. 4 is an electrical wiring and hydraulic dia-
gram of a portion of the control for the ma-
chine, showing the controls for the longitudinal
indexing movement of the grinding wheels;

Fig. 8 is an electrical wiring and hydraulic dia-
gram of the remaining controls for the machine
which supplements Fig. 4 and shows the hy-
d¢raulic controls for the grinding wheel feed,
steadyrest and work clamping mechanism tc-
gether with the electric work stop control;

Fig. 6 is a fragmentary sectional view, on an
enlarged scale, taken approximately cn the line
6—8 of Fig. 1, showing the connection between
the main control lever and the valve stem:

Fig. 7 is a fragmentary cross sectional view,
on an enlarged scale, taken on the line 7—7 of
Fig. 1;

Fig. 8 is a longitudinal horizontal sectional
view, on an enlarged scale, taken approximately
on the line 8—8 of Fig. 1, showing a portion of
the grinding wheel feeding mechanism:

Fig. 9 is a fragmentary vertical sectional view,
taken approximately on the line 9—8 of Fig. 2,
showing the slideways between the wheel slide
and the wheel head;

Fig. 10 is a fragmentary cross sectional view,
on an enlarged scale, taken approximately on the
line 18—!8 of Fig. 1, showing a section through
the steadyrest and its actuating mechanism;

Fig. 11 is a fragmentary horizontal sectional
view, on an enlarged scale, taken approximately
cn the line [{—I1 of Fig. 2;

Fig. 12 is a rear elevation of the main control
valve, showing the fluid pressure interlock mech-
anism shown in rear elevation;

Fig. 13-is a fragmentary end elevation, taken
en the Iine {3—13 of Fig, 3:

Fig. 14 is a fragmentary sectional view through
the end thrust and radial bearing support for the
right-hand grinding wheel;

Fig. 15 is a fragmentary sectional view, on an
enlarged scale, taken approximately on the line
15—I58 of Fig. 3, through the coupling connect-
ing the two aligned grinding wheel drive shafts
or spindles; and

Fig. 16 is a fragmentary vertical cross sectional
view, cn an enlarged scale, taken approximately
on the line 18—{6 of Fig. 3, through a portion
of the grinding wheel longitudinal indexing con-
trol mechanism.
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A double work head type multiple wheel crank-
shaft grinding machine has been illustrated in
the drawings comprising a base 20 which serves
as a support for a pair of spaced aligned work
heads %1 and 22. The work heads 21 and 22
serve as supports for a pair of spring actuated
hydraulically released pot chucks 23 and 24
which are arranged in opposed relationship with
each other and are arranged to rotate about a
common axis. The pot chucks 23 and 24 are
arranged to support and clamp the opposite ends
of a crankshaft 25 for a rotary motion during
a grinding operation. The supporting spindles
therefor have not been illustrated in detail since
these features are not considered to be a part
of the present invention. These pot chucks to-
gether with their supporting spindles are sub-
stantially the same as those disclosed in the prior
U. S. Patent to Herbert A Silven and Albert G.
Belden, No. 1,837,342, dated December 22, 1931,
and the patent to Herbert A, Silven, No. 2,151 -
666 dated March 21, 1939, to which reference may
be had for details of disclosure not contained
herein. The work clamping jaws on each of the
pot chucks 23 and 24 are actuated by a spring
pressure mechanism substantially the same as
that shown in the above-mentioned prior patents.
The clamping jaws are released by a hydraulic
mechanism comprising a hydraulic cylinder 28
which is provided with a slidably mounted pis-
ton 21. A piston rod 28 passes through the work
head 2! and is arranged to release the clamping
jaw, after a grinding operation has been com-
pleted, in a manner substantially the same as
that shown in the above-mentioned prior patents.

When it is desired to release the clamping jaw
of the pot chuck 23, fluid under pressure is ad-
mitted through the pipe 29 into a cylinder cham-
ber 30 to cause the piston 21 to move toward the
left (Fig. 5). Similarly, a hydraulic cylinder 31
is mounted on the right-hand end of the ma-
chine and contzins a slidably mounted piston
32 which is connected by means of a piston rod
23 to actuate the clamping jaw of the pot chuck
24 so as to release the same when fluid under
pressure is admitted through a pipe 24 into a
cylinder chamber 35 to cause the piston 32 and
the piston rod 33 to move toward the right (Fig.
5).

Work drive

A driving mechanism is provided synchro-
nously to rotate the pot chucks 23 and 24. This
mechanism may comprise an electric motor 40
which is provided with a multi-v-groove pulley
41. The pulley 4! is connected by multiple V-
belts 42 with a multi-V-groove pulley 43 which
is mounted on one end of a rotatable shaft a4,
The shaft 44 (Figs. 1 and 2) is rotatably jour-
nalled in bearings (not shown) in the base 29.
A sprocket 45 is mounted on the other end of
the shaft 28 and is connected by means of a link
chain 45 with a sprocket &7 which is mounted
on a rotatable shaft 48 which is journalled in
suitable bearings (not shown) within the base
20. The shaft 48 is provided at its opposite ends
with sprockets 48 and 50. The sprockets 49 and
50 are connected by link chains 51 and 52, re-
spectively, with sprockets 83 and 54 which are
operatively connected synchronously to rotate the
pot chucks 23 and 24, respectively, to rotate the
crankshaft 25 to be ground. This driving mecha-
nism has not been illustrated in minute detail
since this mechanism is identical with that
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Silven, No. 2,151,666 dated March 21, 1939, to
which reference may be had for details of dis-
closure not contained herein. The upper sur-
face of the base 20 is provided with a longitudi-
nally extending dovetailed slideway 55 which
mates with correspondingly shaped ways formed
on the under side of the work heads 21 and 22.
The work heads 21 and 22 may ke clamped in
adjusted position on the slideway 585, and may
be adjusted longitudinally along the slideway
5 to facilitate setting up the machine for grind-
ing crankshafts cof different lengths.

Manual grinding wheel feed

In order that pairs of aligned crankpins on a
crankshaft may be simultaneously and succes-
sively ground, a pair of transversely movable
rotatable grinding wheels 56 and T are pro-
vided for simultaneously grinding a pair of
gligned crankpins 58 and %39. The grinding
wheels 56 and 57 are rotatably and longitudi-
nally supported on a transversely movable wheel
slide 59 which is arranged to move transversely
relative to the base 20 on a pair of spaced flat
ways 6! and 62 and an intermediate V-shaped
guiding way 63 formed on the upper surface of
the base 26. The slideways 61, 62 and 63 mate
with correspondingly shaped ways formed on
the under side of the wheel slide 69.

A wheel feeding mechanism is provided for
moving the wheel slide 60 transversely simul-
taneously to feed the grinding wheels 56 and 51
toward or from the crankshaft 25 to be ground.
This feeding mechanism may comprise a half
nut 65 depending from the under side of the
wheel slide 68 which meshes with or engages
a rotatable cross feed screw 68. The cross feed
screw 66 is journalled in a bearing 671 which is
fixed relative to the base 20. The rear end of
the feed screw is journalled in a slidably mount-
ed sleeve 68.

The feed screw 68 may be manually rotated
to produce a manual transverse feeding move-
ment of the wheel slide 60 either to produce a
grinding feed or for use in setting up the ma-
chine for a grinding cperation. A rotatable feed
wheel 710 is rotatably supported on a stud TI
journalled in bearings 12 and 73 mounted on the
front of the machine base 23. The hand wheel
70 is provided with gear teeth 74 which mesh
with a gear 15. The gear 75 is preferably formed
integral with a rotatable sleeve 16 having a
sleeve bearing 17 which rotatably supports the
sleeve 16 and gear 15 on a portion of the rotat-
able drive shaft 48. The sleeve 16 is held against
endwise movement on the shaft 48 by a pair of
collars 78 and 79 which are fixedly mounted with
respect to the drive shaft 48. A spiral gear 80
is also formed integral with the sleeve 76 and
meshes with a spiral gear 8. The spiral gear
81 is rotatably journalled in a bearing 82 which
is fixedly mounted with respect to the base 20.
The spiral gear 81 and a hub 83 formed integral
therewith are slidably keyed to the forward re-
duced end portion 84 of the feed screw 66. It
will be readily apparent from the foregoing dis-
closure that rotary motion of the manually op-
erable feed wheel 70 will be transmitted through
the gear mechanism above described to impart
a rotary motion to the feed screw 68 to cause a
transverse feeding movement of the wheel slide
60 and the pair of spaced grinding wheels 56
and 571.

Dash pot and positive stop

In order to move the wheel slide 69 trans-
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versely to move the grinding wheels 56 and 57
transversely for a considerable distance, that is,
in moving the grinding wheels to and from an
operative grinding position and also to impart
a power feeding, a hydraulically operated mecha-
nism is provided comprising a cylinder 85 which
is supported in fixed relation with the base 20.
The cylinder 85 contains a slidably mounted
piston 86 which is connected to a piston rod 87.
The piston rod 87 extends in both directions
from the piston 8§ and is connected at its lower
end (Fig. 5) to the slidably mounted sleeve $8.
It will be readily apparent from the foregoing
disclosure thaf if fluid under pressure is ad-
mitted through a pipe 88 into a cylinder cham-
ber 89, the piston 86 will be moved downwardly
(FFig. 2) to impart a transverse feeding move-
ment through the feed screw 5% and half nut
65 to move the wheel slide 60 transversely to
feed the grinding wheels 58 and 57 toward the
crankshaft 25 to be ground. During this for-
ward feeding movement of the whesl slide 60,
fluid is exhausted from a cylinder chamber CH
through a pipe oi.

A fluid pressure system is provided for con-
veying fluld under pressure to the cylinder @5,
comprising a motor driven fluid pump 85 which
draws fluid through a pipe 96 from a reservoir
€7 and forces fluid under pressure through a pipe
€8, to a manually operable main control valve
99. A relief valve {88 is connected to the pipe
line 88 and serves to exhaust excess fluid under
bressure 1nto the reservoir 87. The main con-
trol valve 83 is a piston type valve comprising a
valve stem Il having a plurality of valve pis-
tons {62, 183, 104 and 165 formed integrally
therewith. In the position of the parts shown
in Fig. 5, fluid under pressure within the pipe
€8 passes into a valve chamber located between
the valve pistons 163 and 184 and passes out
threugh the pipe 91, into the cylinder chamber 99
to move and hold the piston 88 in its rearward
bosition so as to move the grinding wheels 5§
and §7 rearwardly to an inoperative position.
During this movement fluid under pressure ex-
haust from the cylinder chamber 83, through the
pipe &3, into a valve chamber locaied between
the valve pistons 182 and 1083, and out through
a variable throttle valve 185 and a pipe 181, into
the reservoir 97.

A manually operable control lever 188 is piv-
otally mounted on a stud {89 which is in turn
supported by a bracket 119 fastenad tc the front
of the machine base 29. The valve stem 18} is
provided with a transversely extending pin 1i{
the opposite ends of which ride in an elongated
slet 112 formed in the control lever 188. )

When it is desired to feed the grinding wheels
transversely toward the crankshaft 25 to be
ground, the control lever 108 is swung in a coun-
terclockwise direction (Fig. 5) so that fluid un-
der pressure passing through the pipe 88 into
the valve chamber located between the valve
pistens 183 and {04 passes outwardly through
the pipe 88 into the cylinder chamber 88 to cause
the piston 88 to move toward the left (Fig. 2)
to impart a corresponding movement to the feed
screw €€ and the wheel slide 8 which in turn
transmits a corresponding transverse movement
to the spaced rotatable grinding wheels 58 and
ET. -

In order to obtain a slow uniform grinding
feed of the grinding wheels 58 and 57, a dash
pot feed control mechanism is provided com-
prising a casing 115 which is mounted on the

10

20

40

45

G0

75

rear end of the cylinder 85. The dash pot cas-
ing 115 contains a pair of spaced slidably mount-
ed dash pot pistons 1{6 and 1171, A slidably
mounted sleeve 18 is supported on the rear
portion of the piston rod 81. The sleeve 118 has
a flanged portion 1i9 which is fixedly secured
thereto. The flange 119 is arranged to engage
the rear end faces of the dash pot pistons 116
and {17, respectively, A stop screw 120 engages
the flange {19 and thereby serves to limit the
rearward movement of the dash pot pistons i16
and (17 under the influence of cempression
springs {21 and 122.

The rapid forward feeding movement of the

: grinding wheels 58 and 57 with the wheel slide

€9 continues until an adjustable collar 123 on a
threaded portion 124 of the piston rod 87 engages
the rear end of the sleeve {18 (Fig. 2). Contin-
ued forward movement of the pistcn rod 871
moves the sleeve 148 and the flange 119 into
engagement with ends of the dash pot pistons
11& and 147. The rapid approaching or feed-
ing movement of the grinding wheels 56 and 57
toward the crankshaft 25, as produced by the pis-
ton 83, is reduced to a slowsr predetermined
grinding feed due to the fact that fluid confined
within the dash pots is interconnected by a pas-
sage 125 to exhaust fluid under pressure through
a passage 125, a needle valve 127, and through

. & pipe {28 into'a fluid reservoir 129. By adjust-

Ing the aperture of the needle valve 121 and the
throttle valve 120, a desired and predetermined
infeeding movement of the grinding wheels 56
and 57 and their supporting wheel slide 68 may

. be obtained. The dash pot feeding mechanism

above described is substantially identical with
that shown in the prior U. 8. patent to Bernhard
H. Goehring, No. 2,151,660 dated March 21,
1939, to which reference may be had for details
of disclosure not contained herein.

Grinding wheel index control

The grinding wheels 56 and 57 are arranged
so that they may be positively and synchronously
retated during a grinding operation. The grind-
ing wheels 56 and 57 are also arranged so that
they may be indexed longitudinally, successively
te position the wheels opposite pairs of spaced
aligned crankpins on the crankshaft 25 to grind
the same.

The grinding wheel 58 is supported on a rotat-
able wheel spindle 135 (Fig. 3) which is jour-
nalled in bearings (36 and 137. The bearings 136
and (37 are supperted in a longitudinally slid-

. able wheel head 138 which is arranged to slide

longitudinally relative to the wheel slide 60. A
fluid pressure operated mechanism is provided
for indexing the wheel head (38 longitudinally
to position the grinding wheel 58§ successively
in operative position with the successive crank-
pins to be ground.

A hydraulic cylinder 18§ is fixedly mounted on
the wheel slide 60 (Fig..3). A piston 148 is slid-
ably supporfed within the cylinder 139 and is
fixedly mounted on a piston rod 141. The right-
hand end of the piston rod 141 ig fixedly con-
nected to a bracket {42 which is in turn fizedly
mounted to the wheel head 128. It will be
readily apparent from the foregoing disclosure
that when fluid is admitted through a pipe 143,
into a eylinder chamber 144, the piston 148 to-
gether with the piston rod 141, the bracket 182,
and the wheel head {38 together with the grind-
ing wheel 56 will be moved toward the right (Figs.
3 and 4). Similarly, when fluid under pressure




4

is admitted through a pipe 145, into a cylinder
chamber 146, the piston 149 together with the
connecting parts will move the wheel head 138
toward the left. A stop screw 147 is mounted on
a bracket 143 which is in turn fixedly supported
on the left-hand end of the wheel slide (Fig. 3)
and serves to limit the movement of the piston
140 together with the wheel head (38 in a direc-
tion toward the left (Figs. 1 and 3). A pair of
collars 149 are adjustably mounted on a thread-
ed portion of the piston rod i41 adjacent fo its
left-hand end (Figs. 1, 3 and 4). The collars
149 are arranged to engage the end face of the
cylinder 138 and serve to limit the movement of
the piston 140 and the wheel head (38 toward
the right (PFigs. 1, 3 and 4) precisely to locate
the grinding wheel 56 for grinding crankpin
580 (Fig. ).

A plurality of normally open limit switches
158, 151 and {52 are arranged in the path of a
cam (53 which is mounted on the bracket 142
(Figs. 3 and 4). The switches 150, 151 and 152
are mounted on the wheel slide 60 and serve in &
manner to be hereinafter described successively
to stop the wheel head {38 in successive prede-
termined grinding positions with the grinding
wheel 56 located opposite successive crank-pins
on the crankshaft 25 to be ground.

similarly, the grinding wheel 571 is supported
at one end of a rotatable wheel spindle 155 which
is journalled in bearings 156 and (67 which are
in turn supported in a longitudinally movable
wheel head 158. The wheel head 158 is slidable
longitudinally on suitable mating ways on the
wheel slide 60 to maintain the wheel head 158
in its proper operating position, as shown in Figs.
2and 9. A fluid pressure mechanism is provided
for indexing the wheel head 158 longitudinally
comprising a fluid pressure cylinder 158 which
contains a slidably mounted piston {60. The
piston 168 is connected by means of a piston rod

161 with a bracket 162 depending from and fix-

edly mounted on the under side of the wheel head
{58. When fluid under pressure is admitted
through a pipe 163 into a cylinder chamber 164,
the piston 160 will be moved toward the left
(Figs. 1, 3 and 4) to position the grinding wheel
57 in respect to the crankpins to be ground.

When fluid under pressure is admitted fhrough
a pipe 165 into a cylinder chamber 185, the pis-
ton 160 together with the wheel head 158 will be
traversed or indexed toward the right (Figs. 1,
3and 4). An adjustable stop screw 87 support-
ed in a bracket 168 which is fixedly mounted on
the right-hand end of the wheel slide §0 serves
to limit the movement of the piston 163 and the
wheel head 158 toward the right. A pair of
spanner wrench collars 169 are -adjustably
mounted on a threaded portion at the right-hand
end of the piston rod 1§1. The collars 169 are
arranged to engage the right-hand face of the
cylinder cover of the cylinder (59 and serve to
limit the movement of the piston 160 and the
wheel head 158 in a direction toward the left
(Figs. 1, 3 and 4) precisely to locate the grinding
wheel 571 for grinding a crankpin 59b (Fig. 1).
A plurality of normally open limit switches 178,
iTi and (72 mounted on the wheel slide 69 are
arranged in the path of a cam 113 mounted on
the bracket 162 (Figs. 3, 4 and 16) and serve in a
manner to be hereinafter described to stop and
position the grinding wheel 57 and wheel head
{58 in the desired and predetermined positions
for grinding successive crankpins on the crank-
shaft 25 being ground.
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Grinding wheel drive

A motor driven mechanism is provided for
synchronously driving the rotatable grinding
wheels 56 and 57 together with their respective
wheel spindles 135 and 155. The wheel spindles
135 and 155 are hollow spindles and contain slid-
ably keyed driving shafts 175 and 176. The out-
er ends of the shafts {75 and 116 are supported
in anti-friction bearings contained within the
housings 117 and 178 mounted and clamped to
the wheel slide 69. The inner ends of the drive
shafts {75 and 1716 are connected by a coupling
179 so that the driving spindles or shafts 175 and
116 may be separated when it is desired to mount
a grinding wheel on either of the wheel spindles
135 and 155. An electric motor {80 is mounted
on an adjustably positioned motor support 181
which is slidably supported on a portion of the
wheel slide 69. A screw 182 and a nut 183 are
interposed between the bracket mounted on the
wheel slide 68 (Fig. 2) and the motor support
{81 and serve to facilitate transverse adjustment
of the electric motor 182 to tension the driving
V-belts as desired. A motor shaft 184 of the
electric motor {88 supports a multi-V-groove pul-
ley 185 which is connected by multiple V-belts
186 with a multiple V-groove pulley 187 mounted
on the right-hand end of the drive shaft 176. It
will be readily apparent from the foregoing dis-
closure that when the electric motor 180 is start-
ed rotating by actuating the push button switch
88 on the base 20, a rotary motion will be trans-
mitted through the pulley (85 driving the V-
belts 186 and pulley 187 to rotate the shaft 176
which in turn rotates the wheel spindle 155 and
the grinding wheel 51. Due to the coupling I8,
rotation of the spindle {76 will be transmitted
through the shaft 115 to impart a rotary motion
to the wheel spindle 135, synchronously to rotate
the grinding wheel 5% with the grinding wheel 57.

Spark splitiing device

The grinding wheels 56 and 57 together with
their supporting spindles (3% and (&5, respec-
tively, are arranged for an axial adjustment so
that as the grinding wheels are fed toward a pair
of crankpins to be ground, the wheels 56 and 57
may be moved axially to split the spark or equal-
ize the side grinding on opposite corners of the
peripheral faces of the grinding wheels. A spin-
dle adjusting mechanism 80 is provided for
axially moving the spindle {35 and grinding
wheel 56 which is contrclled by means of a man-
ually operable lever [8{. Similarly, a spindle ad-
justing mechanism {82 is provided for axially ad-
justing the spindle {33 and the grinding wheel
57 which is actuated by a manually operable lever
§83. These spindle adjusting or spark splitting
mechanisms have not been illustrated in detail in
the present application since they are not con-
sidered to be a part of the present invention.
These mechanisms are substantially identical to
that shown in the prior U. S. patent to Herbert
A. Silvan, No. 2,151,666 dated March 21, 1939, to
which reference may be had Ior details of dis-
closure not contained herein.

Steadyrests

It is desirable to support the pair of spaced
crankping being ground during the grinding op-
eration. A pair of spaced steadyrests (84 and
195 are provided. The steadyrests 194 and 195
are preferably of a hydraulically operated type
such as, for example, that shown in the prior U.
S. patent to Herbert A. Silvan, No. 2,053,878
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dated September 8, 1938, to which reference may
be had for details of disclosure not ¢contained
herein. The steadyrest 194 comprises a vertically
movable slide 198 which serves as a support for
a transversely movable steadyrest shoe carrying
member 87, The slide {86 ig arranged to slide
vertically on a steadyrest framsa 198 which is pro-
vided with suitable mating slideways. A fuid
bressure cylinder {89 is formed integral with the
steadyrest frame {88. The cylinder 199 contains
a slidably mounted piston 268 which is connécted
by a piston rod 201 with a bracket 232 which is
formed integral with or fixedly mounted on the
lower end of the vertical slide 18§6.

When fluid under pressure ig admitted through
a pipe 203 which is connected o the pipe 81, into
a cylinder chamber 284 to cause a downward
movement of the piston 289, the slide 88§ together
with the shoe carrying slide 197 is moved down-
wardly to an inoperative position to facilitate
Iongitudinal positioning by the wheel head 138.
Similarly, when fluid under pressure is admitted
through a pipe 285 into a cylinder chamber 286,
the piston 206 together with the piston rod 201
and the slide 198 together with the shos support-
ing member {87 are moved vertically to an oper-
ative position with the steadyrest shoe in opera-
tive engagement with the crankpin to be ground.
A manually operable nut and screw mechanism
207 (Fig. 1) is provided to adjust the shoe carry-
ing slide 187 transversely either toward or froem
the crankpin to be ground.

Similarly, the steadyrest (95 is provided with
a vertically movable slide 219 which is arranged
to be moved vertically relative to a steadyrest
frame 2{{. A fiuid pressure cylinder 242 ig
formed integral with the steadyrest frame 241
and centains a slidably mounted piston 2t3. The
piston 218 is connected by a piston rod 214 with
a bracket 215 which is integral with the lower end
of the vertically movaple slide 2£8. The slide 213
supports a transversely movable shoe carrying
member 2i§ which is provided at its inner end
with a work engaging shos 217 (Fig. 2). A man-
ually operable nut and screw feeding mechanism
218 is provideq for manually adjusting the posi-
tion of the shoe carrying slide 216 and the work
engaging shoe 217 transversely into or away from
operative engagement with the crankpin to be
ground. When fluid under pressure is admitted
through a pipe 2!% which is connected to the
pipe 84, into a cylinder chamber 220, the piston
213 together with the slide 219 and the shoe

carrying slide 2{6 are moved downwardly to an -

inoperative position to facilitate longitudinal ad-
Justment by the wheel head 138, of the steadyrest
185 dquring the grinding of successive crankping
on a crangshaft. Similarly, when fluid is ad-
mitted through a pipe 221 into a cylinder cham-
ber 222, the piston 213 together with the piston
rod 214, the slide 218, the shoe carrying slide 2186,
and the work steadyrest shoe 217 are moved up-
wardly into an operative position. During the
grinding operation the work steadying shoes of
the steadyrests 154 and i85 may be manually
adjusted toward and from the surface of the work
biece being ground and maintained in operative
contact therewith during a grinding’ opération
with the desired pressure by manual manipila~
tion of the nut and screw actuating mechanisnis
207-and 218, respectively,

Work rotation control

In a crankshaft grinding machine ot the type
illustrated, it is desirable to stop the pot chucks
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23 and 24 in ah upright position to facilitate the
loading operation. A motor brake switch 225 is
brovided for stopping the electric motor 48 at the
desired and predetermined time to stcp the pot
chucks 23 and 24 in predetermined upright posi-
tions. The motor brake switch 225 is controlled
by a cam 226 which is mounted to rotate the
work supporting spindle (Fig. 5) supporting the
pot chuck 23 and a normally closeg trip switch
22T mounted on a frame fixed to the base 20.

When the main control valve 89 is shifted to
its rearward position, a cam surface On & Cross-
shaped head 228 mounted on the valve stem (81
opens a normally closed limit switch 22§ to break
the circuit. When the circuit throogh the limit
switch 229 is broken, a solenoid 239 on the base
20 is deenergized to release the tension of a
spring. This movement serves to rock a lever
231 to move a slidably mounted rod 232 so that
the roller on the end of the rod 232 rides upon
the periphery of the cam 225, The motor 49 for
rotating the work supporting pot chucks 22 and
24 is preferably of a type whici is controlled by
2 magnetic starter reverse relay 233 and a motor
brake switch 225 so that the rotation of the
motor 40 may be stopped in a predetermined
Dosition after a grinding operation has been com-
pleted. As shown in the electrical wiring dia-
gram (Fig. 5), the motor 4% ig controlled by a
magnetic starter reverse relay 238 which controls
the forward and reverse fields of the motor 48.

When the solenoid 239 is deenergized, the
roller mounted on the rod 232 is moved by the
spring actuated lever 231 into contact with the
cam 228. The movement of the roller on the
rod 232 into operative contact with the cam 22§
serves to open a normally closed trip switch 221
which opens the circuit and cuts the power from
the power field of the motor 3. This movement
serves through the motor brake switch 225 to
actuate a magnetic motor reverse relay 234
which serves instantaneously to reverse the cur-
rent in the motor 40 ang, through the motor
brake switch 225, to stop the motor 4§ 50 that
the pot chucks 23 and 24 are in 3 bredstermined
upright loading position.

A safety relay 235 is so connected as to render
the power circuit inoperative in case the electric
current fails. Upon: failure of the electric cur-
rent supplied to the driving motor 43, the safety
relay 235 opens and before the work rotation
can be again started, a make contact reset push
button 236 must be pushed to close the circuit,
This movement in turn serves to close the safety
relay 235 and thereby again to start the rotation
of the motor 40. A make contact push button
231 serves as a jogging switch to Jjog the rotation
of the work, if desired. A double pole snap
switch 238 serves in one position to permit a jog-
ging of the work rotation by the push button
237 or in the opposite direction serves to starg
the rotation of the motor 40. A cdouble” pole
snap switch 238 serves in one position to render
the automatic control of the work rotation inop-
erative to facilitate manual control to permit
Jjogging of the work rotation as desired, and in
the position shown in Fig. 5 serves to render the
automatic control of the work rotation opera-
tive. By manipulation of the push buttons 236
and 237 and the snap switches 238 and 238, the
rotation of the work driving motor 40 may be
readily controlled as desired. A relay 248 serves
to control the use of the motor brake switch 225
by breaking the circuit through one of the con-
tacts in the starter reverse relay 232 which con-
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trols the motor reverse relay 234. It is not
deemed to be necessary to more fully describe
the work rotation and stop control mechanism
in the present case since this feature is substan-
tially identical with that shown in the prior U. s.
patent to Herbert A. Silven, No. 2,151,666 dated
March 21, 1939, to which reference may be had
for details of disclosure not contained herein.

The main control valve §9 and main control
lever 108 are located on the left-hand portion of
the front of the machine base 28. It is dssirable
in a machine of this type to be able to manipu-
late the controls from either end of the machine
as occasion requires. A manually operable con-
trol valve 241 is provided having a valve stem
942 which has a control knob 243 projecting from
the front of the machine base 28. The control
valve 24[ is a balanced piston type valve which
is normally held in a central or neutral position
by means of a spring 244. Fluid under pressure
passing through the pipe 98 enters a centrally
located valve chamber 243. When the control
knob 243 is moved toward the operator, fluid en-
tering the valve chamber 245 may pass through a
pipe 245 into an end chamber in the main con-
trol valve 92 and serves to shift the valve stem
{01 together with the valve pistons formed
thereon toward the front of the machine.

Similarly, if the control knob 243 is moved
away from the operator, fluid under pressure en-
tering the valve chamber 245 passes through a
pipe 241, into an end chamber 248 in the main
control valve 23, to move the valve stem (81 in
a direction toward the rear of the machine. It
will be readily apparent from the foregoing dis-
closure that the control valve 2§f as controlled
by its control knob 243, serves hydraulically to
shift the main control valve 89 in case such a
movement is desired when the operafor is adja-
cent o the right-hand end portion of the grind-
ing machine. A pair of throttle valves 249 are
provided in the exhaust pipe 107 to be used, if
desired, for producing an adjusiable controlled
slow movement of the valve stem i1 of the main
control valve 99.

Positioning indexing interlock

It is desirable to provide a fluid interlock be-
tween the grinding wheel feeding mechanism
and the longitudinal traversing or indexing
movement of the grinding wheels 36 and 37. As
illustrated in the drawings, an electrically con-
trolled fluid pressure interlock is provided, com-
prising a grinding wheel locating valve 258 which
is biased to a left-hand end position by a com-
pression spring 25{. An electric solenoid 28
serves when energized to move the vaive 253 to
its right-hand end position (Fig. 5). The pipe
98 passes fluid under pressure from the pump 85
into a valve chamber 283. When the solenoid
252 is deenergized and the valve 258 is in its left-
hand end position, fluid under pressure entering
the valve chamber 253 passes outwardiy through
a pipe 254, into an end chamber 255 in the valve
24i, to move the valve stem 242 together with
the valve pistons formed thereon into its rear-
ward position. In this position fluid under pres-
sure entering the valve chamber 245 in the con-
trol valve 241 passes outwardly through pipe 241,
into the end chamber 248 of the main control
valve 99, to hold it in the position shown in Fig. 5.
In this position the grinding wheels 55 and 51
are held in a rearward or inoperative position,
the steadyrests are held in a downwardly or in-
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operative position, and the work clamps on the
pot chucks 23 and 2% are released.

The limit switches (58, {51, 152 and 179, 171
and 112 are connected in series with each other,
respectively, and ave in turn connected so that
when both of the grinding wheels 556 and 87 are
located in any of the predetermined grinding po-
sitions opposite the crankpins 58—59, $8a—53a,
or 58b—58b, respectively, the circuit will be
closed to energize the solenoid 252 which serves
to shift and maintain the valve 259 in the posi-
tions indicated in Figs. 4 and 5. In this position
either the control knob 243 or the main control
lever 188 may be actuated to start a grinding op-
eration, namely, to exhaust fluid from the cylin-
der chambers 38 and 33, thus facilitating clamp-
ing of the crankshaft 25 in position within the
The wheel slide 68 is
then fed forward to move the grinding wheels 58
and 57 toward the crankpins 53 and 98 to be
ground. The steadyrests 184 and 95 are then
automatically moved upwardly into operative
supporting engagement with the steadyrest
shoes in operative supporting engagement with
the crankpins 58 and 59. It will be readily ap-
parent from the foregoing disclosure that when
the grinding wheels 58 and 57 are both located
in respective grinding positions and the pairs of
normally open limit switches 156—i79, 151—I1i,
or 152—172 are closed, an infeed of the grinding
wheels can be initiated.

A two-way valve 255 is provided whereby fluid
under pressure may be passed into an end cham-
ber 256 to maintain the valve 250 in a right-hand
end position by fluid under pressure, if desired.
A valve 251 is provided in the pipe line 254
whereby the rate of passage of fluid may be
varied to control the speed of movement of the
valve 241 as desired. The valve 26T may also be
entirely closed to render the valve 258 inoperative,
if desired.

Indexing control valves

An independent pump 260 is provided for sup-
plying fluid under pressure for indexing the
grinding wheels 56 and 51. The pump 260 and
the pump 95 are preferably in the form of a
duplex pump which is driven by an electric motor
261 (Fig. 2) which is controlled by the push but-
ton switch 259 mounted on the front of the ma-
chine base 20. The fluig pump 260 which draws
fluid through a pipe from the reservoir 97 is
arranged to convey fluid under pressure through
a pipe 262 to a control valve 283 which controls
the indexing or truing movement of the grinding
wheel 56 and to a control valve 264 which con-
trols the indexing or truing movement of the
grinding wheel 57. A relief valve 265 is con-
nected between the pipe 262 and the reservoir 97
by means of which the pressure in the system
may be readily controlled and by means of which
excess fluid under pressure may be directly ex-
hausted into the reservoir §1. The grinding
wheel indexing control valves 263 and 264 are
mounted on the front of the machine base 20 and
are both readily accessible from the operator’s
control station.

The index control valves 263 and 264 are bal-
anced piston type valves having valve stems 266
and 267 which are held in a central or neutral
position by means of spring-pressed detents 268
and 269, respectively. Actuating control knobs
270 and 271 are mounted on the ends of the valve
stems 266 and 267, respectively, by means of
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which the control valves 283 and 254 may be
readily controlled manually.

The index control valve 283 is arranged to con-
vey fluid under pressure through the pipe {43 into
the cylinder chamber 144 at the right-hand end
of the cylinder {38 or through the pipe 145 to
the cylinder chamber {46 at the left-hand end of
the cylinder 188. It will be readily apparent from
the foregoing disclosure that the grinding wheel
56 may be indexed in either direction by manipu-
lation of the control knob 278. The direction of
movement of the control knob 218 determines
the direction of indexing movement imparted to
the grinding wheel 58.

Similarly, the index control valve 284 is con-
nected by the pipe (63 which controls the pas-
sage of fluid to or from the cylinder chamber (84
at the right-hand end of the cylinder [59. The
pipe 165 serves to pass fluid under pressure to or
exhaust fluid from the cylinder chamber {88 at
the left-hand end of the cylinder i59 (Fig. 4).
The direction of movement of the contrel knob
2Tt will determine the direction of the indexing
movement imparted to the grinding wheel 57.

A valve 282 is connected in an exhaust pipe 251
to control the exhaust of fluid from the cylinder
139 passing through the index control valve 283.
The valve 280 is a piston type valve which ig
normally held in its right-hand end position (Fig.
4) by means of a compression spring 282.
the position of the valve 280 shown in Fig. 4,
fluid exhausting from the index control valve 283
and cylinder {39 is free to pass uarestricted
through an exhaust pipe 283 into the reservoir
971. An electric solenoid 284 is provided for shift-
ing the valve 280 toward the right, which move-
ment serves to cut off the exhaust of Suid from
the cylinder 1&9 and serves when energizedg to
stop the longitudinal indexing movement of the
grinding wheel §8. An adjustable valve 285 is
provided for controlling the exhaust of fluid from
the index control valve 253 as desired for the
indexing rate of travel of the grinding wheel 58.
Also, adjustable throttle valves 288 and 287 are

provided for producing a very slow longitudinal :

movement of the grinding wheel 5§ when it is
desired to true the grinding wheel 58.

Similarly, a valve 293 is provided in a pipe line
291 which exhausts fluid from the cylinder 159,
through the index control valve 264. A spring
292 serves normally to hold the valve 290 in its
left-hand end position, in which position fiuid is
free to exhaust unrestricted through the pipe 293,
into the reservoir 87. A solenocid 284 is provided
for shifting the valve 288 in a direction toward
the right (Fig. 4), which movement serves to cut
off the exhaust of fluid through the pipe 29! and
thereby to stop the longitudinal indexing move-
ment of the grinding wheel 57. An adjustable
valve 295 in the pipe line 281 serves to facilitate
regulation of the exhausting fluid from the cylin-
der 189 so that the speed of the indexing move-
ment thereof may be readily controlled. Adjust-
able throttle valves 286 and 297 (Fig. 4) are pro-
videq to facilitate the control of exhausting fluid
when the index control valve 264 is actuated to
provide a slow longitudinal movement of the
grinding wheel 57 for a truing operation,

The index control valves 283 and 264, as above
described, are arranged to be independently op-
erated to independently conftrol the lengitudinal
indexing or iruing movements of the grinding
wheels 56 angd 57, respectively. It may be desir-
able to provide an interconnection between the
index control valves 263 and 264 so that the actu-
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ation of either one of the index control valves
will simultaneously produce an indexing or tru-
ing control of both the grinding wheels 58 and 57.
A pipe 380 interconnects the pipe 143 with the
pipe 163. A pipe 301 interconnects the pipe (45
with the pipe 165. A valve 802 is provided in
the pipe line 303 and a valve 383 is provided in
the pipe line 38i. If both of the valves 302 and
303 are opened, the valve 276 in the pipe 183
and the valve 217 in the pipe line (65, both ad-
jacent to the index control valve 264, are closed
to disconnect or render inoperative the index
control valve 264. It is apparent that it is neces-
sary to have the valves 276 and 277 to shut off,
otherwise fluid will by-pass or exhaust directly
to the reservoir 97 when the index control valve
263 is actuated to admit fluid to the cylinders 39
and 159 to control the simultaneous indexing or
truing of the grinding wheels 56 and 57.

Similarly, if it is desired to have the index con-
trol vaive 288 independently control the indexing
or truing movement of the grinding wheels 55
angd 57, the valves 332 and 303 are opened and
the valves 276 and 277 remain open. The valve
272 in the pipe line 143 and the valve 2713 in the
Pipe line 145, both adjacent to the index control
valve 283, are closed to disconnect or render inop-
erative the index control valve 263. By closing
the valves 272 and 213, fluid under pressure will
net by-pass or exhaust directly into the reser-
voir 87 when the index control valve 284 is actu-
ated to admit fluid to the cylinders {38 and 153
to control the simultaneous indexing or truing
movement of the grinding wheels 56 and 51. If
it is desired independently to control the longi-
tudinal indexing of the wheels 56 and 57, the
valves 332 and 383 are closed and the valves 2712,

73, 2716 and 277 are opened, so as to provide an
independent indexing or truing control for each
of the grinding wheels 55 and 57.

Interlock

A fluid pressure interlock is provided between
the grinding wheel longitudinal indexing mecha-
nism and the wheel feeding mechanism so that if
either of the index control valves 263 or 284 is
moved during a grinding wheel feeding operation, .
the wheel slide 60 will be moved to a rearward
or inoperative position kefore a longitudinally
moevakble indexing movement may take place. A
plurality of small fluid pressure cylinders 365, 306,
387 and 388 are fixedly mounted or formed in-
tegral with the casing of the main control valve
§8. These cylinders contain pistons 388, 318, 311
and 312 which are fixedly connected to the cross-
shaped plate 228 which is fixedly mounted to the
rear end of the valve stem 18i. A pipe 342 is con-
nected between the pipe line 145 and the cylinder
285. A pipe 3i4 is connected between the pipe
line 143 and the cylinder 286. A pipe 315 is con-
nected between the pipe line 3§, which is con-
nected to the pipe 165, and the cylinder 387. A
bipe 216 is connected between the pipe line 300,
which is connected to the pipe 163, and the cyl-
inder 888, It will be readily apparent that if
either the index control valves 262 or 284 are
moved from their central or neutral positions to
pass fluid through any of the pipe 143, 145, 163
and {65, fluid will be admitted to one of the cyl-
inders 385, 386, 337 or 308 to cause a rearward
movement of the valve stem (81 of the main
control valve 89 to admit fluid to move the grind-
ing wheels 56 and 57 to a rearward position.
The cylinders 285, 306, 207 and 398 being of com-
paratively small - diameter and requiring less
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power to shift the main control valve 99 than to
index the massive wheel heads, the feed control
valve will be shifted first to move the grinding
wheels 56 and 57 to a rearward positon before any
longitudinal indexing movement may be im-
parted to either the wheel 56 or the wheel 51. It
will be readily apparent from the foregoing that
a definite interlock is provided between the lon-
gitudinal indexing movement for the grinding
wheels 56 and 571 and the transverse movement
thereof.
By-pass valve interlock

A further interlock is provided between the
wheel feeding and the wheel indexing movements,
comprising a fluid actuated by-pass valve 320.
As shown in Fig. 5, fluid under pressure passing
through the pipe 9i to the wheel feed cylinder
85 also passes through the pipe 219 and a pipe
32§ into an end chamber 322. Fluid within the
opposite end chamber, similar to the chamber
322, during this movement exhausts through a
throttle valve 324 and a pipe 325 which connects
with the pipe 88. The throttle valve 324 serves
to regulate the speed of movement of the piston
323 as fluid under pressure is applied to either
end chamber of the by-pass valve 320. In Fig.
4, if a valve 214 is closed in a pipe 275 shunted
or by-passed around the by-pass valve 320, and
the index control valve 263 is moved toward the
left, fluid under pressure passing through the
pipe 145 passes into a valve chamber 327 in the
by-pass valve 320 and out through the other sec-
tion of the pipe 145 which is connected to the
right-hand end cylinder chamber 146 of the cyl-
inder 1389.

Similarly, if the index control valve 264 is
moved toward the right (Fig. 4) to admit fluid
through the pipe 165, this fluid passes through a
valve chamber 329, out through the other section
of the pipe 164, and into the left-hand end cham-
ber 186 of the cylinder 159. If the by-pass valve
3929 is rendered inoperative, the throttle valve 324
is closed so that the piston 823, mounted in a
horizontal position, will remain in the position
shown in Fig. 4. In this case the operator must
move the grinding wheels 56 and 57 rearwardly
before they are indexed.

To shorten the pipe lines between the index
control valves 263 and 264, the piston 323 of the
by-pass valve 320 may be locked in the reverse
position to that shown in Fig. 4 by shutting off
the throttle valve 324 and blocking the exhaust
of fluid from the end chamber. In this position
the by-pass valve 328 is inoperative and it is,
therefore, necessary to open the valve 274 in the
pipe line 275 and a valve 218 in a pipe 219 in or-
der to index the grinding wheels 56 and 51. If
the by-pass valve 328 is rendered operative, fluid
must pass through the pipe 325 and valve 324 be-
fore the grinding wheels 56 and 57 may be moved
in either direction. For indexing or truing, the
adjustment of the throttle valve 324 allows the
main control valve 89 to be moved to its rearward
position before indexing takes place.

When the main control valve is shifted to cause
an infeeding movement of the grinding wheels,
fluid under pressure is passed through the pipe
88 to initiate a forward feeding movement of the
grinding wheels. At the same time, fluid under
pressure passes through the pipe 328 into the end
chamber to shift the piston 323 of the by-pass
valve 820 to its opposite end position from that
_illustrated in Figs. 4 and 5, which movement
serves to prevent fluid under pressure from pass-
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ing through the by-pass valve 320, thus prevent-
ing a longitudinal indexing movement of either
of the grinding wheels §6 and 37.

Electrically conirolled siop

The stop screws 147 and 157 determine the po-
sitions of the grinding wheels 55 and 87 for
grinding the crankpins 58 and 69 (Fig. 1). Simi-
larly, the set of coliars {48 and 169 limit and po-
sition the grinding wheels 55 and 5T as they are
indexed toward each other to locate the grinding
wheels for grinding the crankpins 58b and 580,
respectively. In order to locate the grinding
wheels for grinding the crankpins 58z and 69¢,
an electrical control mechanism is provided com-
prising a pair of limit switches 335 and 336 which
are normally open and are mounted on the wheel
slide 68. A pair of adjustable cams 337 and 338
are carried by the brackets 142 and 162, respec-
tively. When the grinding wheels 56 and 57 are
indexed toward each other, as they approach po-
sitions opposite the crankpins 58« and 58a, the
cams 337 and 337 which move in the path of the
actuating plungers of the limit switches 835 and
385 serve to close the switches, thus energizing
the solenoids 284 and 294, respectively, to shift
the valves 288 and 299, respectively, to cut off
exhaust of fluid from the cylinders {39 and 1989,
respectively, thus stopping the indexing move-
ment of the wheel heads 138 and 158 to locate
the grinding wheels 58 and 51, respectively, in
positions opposite the crankpins 98¢ and §9¢ for
a grinding operation.

After the crankpins 58a¢ and 5S¢ have been
ground and it is desired to again index the grind-
ing wheels 56 and 57 for grinding the next pair
of pins on the shaft, the indexing movement of
the grinding wheels may be initiated by actuat-
ing either the push button switch 348 or the push
bution switch 341. Actuation of either the push
button 348 or 341 serves to break the circuit, de-
energizing the solenoids 284 and 294, thus releas-
ing the compression of the springs 282 and 282 to
return the valves 289 and 290, respectively, to the
positions illustrated in Fig. 4 so that fluid may
exhaust from the cylinders 129 and 159, respec-
tively, thereby permitting a further longitudinal
indexing movement of the grinding wheels 56
and §7.

A pair of push button switches 345 and 346
are provided for rendering the valves 280 and 293
and 250 operative or inoperative when desired.
When it is desired to make valves 288, 290 and
250 inoperative, both of the switches 345 and 346
are opened. The opening of the push button
switch 345 serves to break the electric circuit
through the push button switches 340 and 341.
The opening of the push button switch 346 breaks
a circuit rendering the circuits controlling the
valve 250, by the limit switches 150, 151, 152, 170,
{11 and (73 inoperative, thus cutting off electric
current to the solenoid 252.

The operation of the improved crankpin grind-
ing machine will be readily apparent from the
foregoing disclosure. The push button switches
188, 2356 and 259 are closed to start the grinding
wheel driving motor 189, to start the work drive
motor 40, and to start the fluid pump driving
motor 25i. A crankshaft 25 is then placed in
position with its opposite ends supported in the
pot chucks 23 and 24, after which the main con-
trol lever 188 is moved forward toward the op-
erator to shift the main control valve 99 to ini-
tiate an infeeding movement of the grinding
wheels 56 and 51. The shifting of the main con-
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trol valve $9 first opens the fluid confined within
the cylinders 26 and 8{ to the exhaust, thus re-
leasing the compression of the springs to clamp
the opposite ends of the crankshaft 25 in posi-
tion on the pot chucks 2§ and 28. Fluid next
passes to the cylinder 85 to initiate the forward
feeding movement of the grinding wheels 58 and
87 and at the same time passes through the pips
325 to shift the by-pass valve 328 which prevents
passage of fluid to the wheel head indexing c¢yl-
inders 138 and (59 during the infeeding move-
ment. After the forward movement of the grind-
ing wheels 58 and §7 has been initiated, the main
control valve 889 admits fluid under pressure to
the steadyrest cylinders 198 and 212 to move the
steadyrest frames 198 and 218, respectively, up-
wardly into an operative position so that the work
steadying shoes engage and steady the crankpins
98 and 59 during a grinding cperation.

After the crankpins 58 and 59 have been
ground te the desired and predetermined sizs,
the control lever 138 is moved rsarwardly to stop
the rotation of the work, to cause a rearward
movement of the grinding wheels 58 and 5%, and
alsc to unclamp the pot chucks 28 and 24 so thsat
the crankshaft 256 may be rotarily indexed to pre-
sent the crankpins 53¢ and 58 with their axes
in alignment with the axes of rotation of the pot
chucks 23 and &4. During the rearward shifting
movement of the main control valve 98, fluid
under pressure is admitted through the pipe 321
to shift the interlock valve 328 into the position
shown in Fig. 5. In this position of the valve 328,
fluid may pass therethrough to the wheel head
indexing cylinders 39 and 159, respectively.

The index control valves 283 and 264 may then
be actuated to pass fiuid under pressure to the
wheel head indexing cylinders {29 and (59, re-
spectively, to shift the grinding wheels 5% and 57
relatively toward each other into alighment with
the crankpins 53¢ and 5%q, respectively. As pre-
viously explained, the index contrel valves 253
and 2€4 may be operated independently of each
other independently to control the indexing
movement of the wheel heads 183 and {58, re-
spectively, or, if desired, the index control valves
283 and 2%4 may be connected so that actuation
of either serves simultaneously to contrel the ad-
mission of fluid to both of the wheel head index-
ing cylinders 138 and (59.

The grinding wheels §8 and 57 are stopped in
operative positions aligned with the crankpins
58¢ and 5% by means of the cams 337 and 323
which close the limit switches 385 and 238, re-
spsctively. The closing of the limit switches 335
and 338 serves to energize the solenoids 284 and
284, respectively, to close the valves 280 and 289,
respectively. The closing of the valves 288 and
280 cuts off exhaust of fluid from the index cyl-
inders 130 and {59, respectively, to stop the longi-
tudinal indexing movement of the wheel heads
188 and 158, respectively. The control lever (83
may then be moved forward to initiate s forward
feeding movement of the grinding wheels 55 and
51.
as in the grinding of the crankpins 58 and 589.
The forward movement of the contrel lever (38
serves, as above explained, to clamp the crank-
shaft 25 in position to initiate a forward feeding
movement of the grinding wheels 55 and 57 to
shift the by-pass valve 328 to move the steady-
rests 184 and 185 to an operative position.

During the forward feeding movement of the
grinding wheels 58 and 51, as the grinding wheels
approach the crankpins, the spark splitting de-
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vices actuated by the control levers 181 and 183
are actuated to split the spark or equalize the
side grinding on the corners of the grinding
wheels 85 and 57, The spark splitting control
levers 18! and 193 serve, as above explained, to
cause an endwise positioning movement to the
grinding wheel spindles {35 and {%5 which sup-
port the grinding wheels 55 and 57 and serve to
facilitate a manual positioning of the grinding
whezls so that each corner of the grinding wheels
grinds equally on the opposite cheeks adjacent
to the crankpin, After the crankpins 58a and
5% have been ground to the predetermined size,
the control lever {28 is moved rearwardly and
thie push button switches 3408 and 344 are actuat~
ed to break the clrcuits to deenergize the sole-
noids 284 and €34 so that the valves 288 and 299
roturn to the position shown in Fig. 4. This
movement serves to position the valves 280 and
283 so that a longitudinal indexing movement of
the wheel heads 138 and 158 may be readily
effectad. )

The wheel heads {38 and 158 may then be in-
dsxed longitudinally toward each other into op-
erative pesitions so that the grinding wheels 5%
and BY are positioned in operative relationship
with the crankpins 58b and 53b. The control
lever 188 msy then be shifted forward again so
that the parts operate in the manner previously
described to grind the crankpins 58b and 59»
to the desired and predstermined size.

After the crankpins 58b and 5% have been
ground, the control lever {88 is again moved rear-
wardly to move the grinding wheels 55 and 57 to
a rearward or incperative position. This move-
ment of the control lever 168 serves to release
the crankshaft 25 so that it may be readily re-
moved from the pot chucks 23 and 24 and a new
crankshaft to be ground inserted thereinstead.

It will be readily apparent from the foregoing
disclosure that on the second crankshaft to be
ground, the grinding wheels 58 and 57 may re-
main in positions to first grind the crankpins
880 and 58b, after which they may be indexed
away from each other to grind crankpins 58a
and 83%q, and lastly indexed to grind crankping
58 and 53. 'This arrangement prevents undue
loss of time in indexing the grinding wheels 5§
and 57 from one end of their indexing stroke to
the other before initiating a grinding operation
cn the next crankshaft.

It will thus be seen that there has been pro-
vided by this invention apparatus in which the
various objects hereinabove set forth together
with many thoroughly practical advantages are
successfully achieved. As many possible embodi-
ments may be made of the above invention and
as many changes might be made in the embodi-
ment above set forth, it is to ke understood that
all matter hereinbefore set forth or shown in the
accompanying drawings is to be interpreted as
lustrative and not in a limiting sense.

T claim:

1. In a crankshaft grinding machine having a
base, a rotatable work support including a pair
of spaced aligned work heads on said kase, a
transversely movable grinding wheel slide on said
base, a pair of spaced aligned longitundinally
movable wheel heads on said slide, a rotatable
grinding wheel on each of said heads, a wheel
feeding mechanism to feed said slide transversely
simultaneously to move said grinding wheels
into operative grinding engagement with a pair
of spaced aligned crankpins to be ground, and
means on said slide to index said grinding wheel
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heads longitudinally relative to said slide and
successively into alisnment with successive pairs
of pins on a crankshaft.

2. In a crankpin grinding machine having a
base, a rotatable work support including a pair
of spaced aligned work heads on said base, a
transversely movable wheel slide on said base, &
pair of spaced longitudinally movable aligned
grinding wheel heads on said wheel slide, a
rotatable grinding wheel on each of said heads,
means including a fluid pressure piston and
cylinder to feed said wheel slide transversely
relative to the base simultaneously to grind a
pair of spaced aligned crankpins on a crank-
shaft, means including an independent piston
and cylinder interposed between each of said
wheel heads and said wheel slide independently
to index said grinding wheel heads longitudi-
nally relative to the wheel slide successively into

alignment with pairs of aligned crankpins on & ¢

crankshaft.

3. In a crankshaft grinding machine having a
base, a rotatable work support including a pair
of spaced aligned work heads on said hase, a
transversely movable grinding wheel slide on said
base, a pair of spaced aligned longitudinally mov-
able work heads on said slide, a rotatable grind-
ing wheel on each of said heads, a fluid pressure
feeding mechanism for said slide including a
piston and cylinder interposed between said slide
and base to produce a simultaneous feeding
movement of the wheels either toward or from
said work support, a control valve therefor, a
fluid pressure indexing mechanism for each of
said wheel heads including a piston and cylinder
interposed between each of the wheel heads and
the slide, and a valve mechanism to control the
admission of fluid under pressure simultaneously
to index said grinding wheel longitudinally rela-
tive to said slide successively to position said
grinding wheels in operative relation with pairs
of aligned crankpins on a crankshaft to be
ground.

4, In 2 grinding machine as claimed in claim 3,

the combination with the parts and features 45

therein specified, in which said valve mechanism
comprises an independent, manually operable
control valve for each of the grinding wheel in-
dexing cylinders, and fluid pressure connections
between said control valves whereby said control
valves may be operated either independently or
simultaneously.

5. In a crankshaft grinding machine as
claimed in claim 3, the combination with the

parts and features therein specified, of an in- &

dependent manually operable valve for each of
the grinding wheel indexing cylinders, and fluid
pressure connections between said control valves
and indexing cylinders whereby said valve may
independently control the longitudinal indexing

movement of the grinding wheels or whereby.

either of said valves may control the simultane-
ous longitudinal indexing movement of both of
said grinding wheels.

6. In a crankshaft grinding machine as
claimed in claim 2, the combination with the
parts and features therein specified, of a plural-
ity of adjustable stops to determine the opposite
end positions of each of said wheel heads to
locate the grinding wheels relative to the crank-
pins to be ground, and electrically actuated
means to stop the longitudinal indexing move-
ment of both of said grinding wheel heads when
the grinding wheels move to an intermediate
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tive position successively to grind pairs of aligned
crankpins on a crankshaft.

7. In a crankshaft grinding machine as
claimed in claim 2, the combination with the
parts and features therein specified, of a nor-
mally open shut-off valve in the exhaust pipe line
from each of the grinding wheel head indexing
cylinders, an independent solenoid to actuate
each of said valves, and a pair of spaced nor-
mally open switches each of which is connected
to one of said sclenoids and a detent on each of
said grinding wheel heads which is arranged to
actuate said limit switches to energize said sole-
noid, so as to stop the longitudinal indexing
movement of the grinding wheel heads when the
grinding wheels are in operative position relative
to the crankpins on a crankshaft.

8. In a crankshaft grinding machine as
claimed in claim 2, the combination with the
parts and features therein specified, of a main
control valve for said slide cylinder and an elec-
trically controlled fluid pressure interlocking
mechanism including a valve which is arranged
to render said main control valve inoperative so
that a wheel feeding movement cannot be initi-
ated until both of the grinding wheels are in-
dexed longitudinally into corresponding positions
relative to the crankpins to be ground.

8. In a crankpin grinding machine as claimed
in claim 2, the combination with the parts and
features therein specified, of a pair of spaced
hydraulically operated steadyrests to support
spaced aligned crankpins during a grinding op-
eration, a fluid pressure cylinder to move said
steadyrests to and from an operative position,
a manually operable control valve which is ar-
ranged to control the admission to and exhaust
of fluid from the wheel slide and steadyrest cyl-
inders, and an interlock valve which is arranged
normally to admit fluid under pressure to an

-end chamber in said main control valve to hold

it in a rearward position so as to hold the grind-
ing wheel slide and the steadyrests in inoperative
positicns during the longitudinal indexing move-
ment of the grinding wheel head.

10. In a crankpin grinding machine as claimed
in claim 2, the combination with the parts and
features therein specified, of a manually cperable
control valve to control the admission to and
exhaust of fluid under pressure from the wheel
slide cylinder, an end chamber in said control
valve, an interlock valve which is arranged nor-
mally to admit fluid under pressure to said end
chamber to move and maintain the control valve
in a rearward position to move and hold the
wheel slide in a rearward or inoperative position
during the longitudinal indexing movement of
the grinding wheel, a solenoid to shift said inter-
lock valve, and means including a limit switch
and actuating detent interposed between the
wheel slide and each of said wheel heads where-
by said solenoid is energized when the wheel
heads have been indexed to predetermined oper-
ative positions relative to the crankshaft to be
ground so as to shift the interlock valve, thus
rendering the main control valve operative to
initiate an infeeding movement of the grinding
wheels.

11. In a crankpin grinding machine as claimed
in claim 2, the combination with the parts and
features therein specified, of a manually oper-
able control valve to control the admission to
and exhaust of fluid under pressure from the
wheel slide cylinder, an end chamber in said
control valve, an interlock valve which is ar-
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ranged normally to adrmit fluid under pressure
to said end chamber to move and maintain the
control valve in a rearward position to move
and hold the wheel slide in a rearward or in-
operative position during the longitudinal index-
ing movement of the grinding wheel, a solenoid
to shift said interlock valve, and a limit switch
and actuating detent therefor interposed be-
tween each of the wheel heads and the wheel
slide, said limit switches being connected in series
and connected with said solenoid so that when
both of the wheel heads have been indexed to
Predetermined operative positions, the solenoid
may be energized to shift the interlock valve so
as to exhaust fluid from the end chamber, thus
rendering the manually operable main control
valve operative to initiate g grinding infeed of
the grinding wheels.

12. In a crankshaft grinding machine as
claimed in claim 2, the combination with the
parts and features therein specified, of a main
control valve for said slide cylinder, an interlock
valve to control the admission of fluid under
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pressure to an end chamber of the main control
valve, a spring normally to maintain said inter-
lock valve in a position to admit fluid to main-
tain the main control valve in a rearward posi-
tion so as to hold the wheel slide in a rearward
or inoperative position, a solenoid to shift said
interlock valve, a plurality of pairs of normally
closed limit switches arranged in two sets, each
of said pairs of switches being connected in series
with said solenoid, said switches of each set be-
ing arranged in line and spaced from each other
in accordance with the spacing of the crankpins
to be ground, and means including a detent on
each of said wheel heads for engaging and actu-
ating successive pairs of switches when the
grinding wheels are in predetermined indexed
positions relative to the crankpins to be ground
50 as to energize said solenoid to shift the inter-
lock valve so that fluid may exhaust from said
end chamber, thus rendering said main control
valve operative to facilitate effecting an infeed
of the grinding wheels.
FRANKLIN E. JOHNSON.




