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1. Claims. 

The invention relates to abrading machines, 
and more particularly to a crankshaft lapping 
machine. 
One object of the invention is to provide a sim 

ple and thoroughly practical lapping machine for 
Simultaneously lapping or polishing a plurality of 
Crankpins and main bearings on a crankshaft. 
A further object of the invention is to provide a 
Crankshaft lapping machine in which all of the 
crankpins and main bearings may be simultane 
Cusly lapped. Another object of the invention is 
to provide a crankshaft lapping machine for si 
multaneously lapping the crankpins and bear 
ings of the crankshaft, in which a plurality of 
lapping arms are hydraulically operated. A fur 
ther object of the invention is to provide a crank 
shaft lapping machine in which all of the bearing 
and Crank lapping arms are mounted on a nov 
able frame which is movable to and from an oper 
ating position by a hydraulically operated mech 
anism. A further object of the invention is to 
provide a hydraulically operated clamping mech 
anism for clamping the lapping arms in an in 
dexed position during the loading operation. 
A further object of the invention is to provide 

a hydraulically operated footstock for aiding in 
Supporting the work. A further object of the 
invention is to provide a single control valve for 
interlocking the various hydraulic mechanisms of 
the machine. Another object of the invention is 
to provide a plurality of stops or latches to re 
strict the movement of the control valve so as to 
interlock the various hydraulically operated 
rechanisms of the machine, Whereby all must be 
operated in a definite and predetermined cycle. 
Other objects will be in part obvious or in part 
pointed out hereinafter. 
The invention accordingly consists in the fea 

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 following claims. 
In the accompanying drawings, in which is 

shown one of various possible embodiments of the 
mechanical features of this invention, 

Fig. 1 is a front elevation of the improved 
crankshaft lapping machine; 

Fig. 2 is an end elevation, on an enlarged scale, 
of the improved crankshaft lapping machine; 

Fig. 3 is a diagrammatic illustration of the hy 
draulic actuating mechanism and piping together 
with the control valve and the interlocking stop 
or latch mechanism therefor; 

Fig. 4 is a cross sectional view, on an enlarged 

1939, Serial No. 257,059 
(C. 5-3) 
Scale, taken approximately on the line 4-4 of 
Fig. 1; 

Fig. 5 is a fragmentary sectional view, taken 
approximately on the line 5-5 of Fig. 2, showing 
the lapping arm clamping mechanism; 

Fig. 6 is a fragmentary end elevation of a crank 
lapping arm and its supporting and clamping 
mechanism; 

Fig. 7 is a fragmentary cross Sectional view, on 
an enlarged scale, taken approximately on the 
line 7-7 of Fig. 5; 

Fig. 8 is a fragmentary plan view, partly in 
Section, of the control valve mechanism shown in 
Fig. 1; 

Fig. 9 is a vertical sectional view, on an en 
larged scale, taken approximately on the line 9-9 
of Fig. 1; 

Fig. 10 is a fragmentary cross sectional view, 
taken approximately on the line 0-fo of Fig. 8; 

Fig. 1 is a fragmentary croSS Sectional view, 
taken approximately on the line - of Fig. 8; 

Fig. 12 is a vertical sectional view, taken ap 
proximately on the line 2-2 of Fig. 9; and 

Fig. 13 is a fragmentary front elevation, on an 
enlarged scale, of the valve controlling mecha 
nism, having the displacement cylinders broken 
away and shown in Section. 
A crankshaft lapping machine has been illus 

trated in the drawings comprising a base 20 
which supports a longitudinally reciprocable 
work supporting table 2. Table ways are pro 
vided between the base 20 and the table 2 which 
in the preferred form are of an anti-friction type. 
The base 20 is provided with a plate 26 which is 
fixed to the base 20 and is provided at its edge 
portions with grooves 27 and 28 which serve as 
inner raceways for a pair of spaced rows of 
anti-friction balls 29 and 30, respectively. A 
cage is provided between the races to space the 
balls 29 and 30 longitudinally, as desired. This 
construction forms an anti-friction way whereby 
the table 2 together with a headstock 22 and a 
footstock 23 may be readily reciprocated during 
the lapping operation. 

HeadStock 

The headstock 22 is provided with a rotatable 
spindle 33 which is supported in bearings (not 
shown). The spindle 33 is rotated from any suit 
able Source of power, such as an overhead belt 
drive or a self-contained electric motor. In the 
preferred construction, an electric motor 34 is 
mounted in the base 20 of the machine. The 
motor 34 is provided with a driving pulley 35 
which is connected by multiple V-belts 36 with a 
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2 
pulley 37 on the headstock 22. The headstock 
construction has not been illustrated in detail in 
the present application since this headstock is not 
considered to be a part of the present invention 
and, furthermore, it is identical With that shown 
in the prior U. S. Patent No. 2,092,734 dated Sep 
tember 7, 1937, to which reference may be had for 
details of disclosure not found herein. 
A clutch 38 (Figs, 3 and 4) within the head 

stock 22 Serves to connect the pulley 37 to rotate 
the Spindle 33 and also to reciprocate the table 
2. A clutch shifting yoke 39 is pivotally 
mounted on a rock shaft 40 in the headstock. 
It is desirable to provide an automatic control 
for the headstock clutch 38 which in the pre 
ferred form comprises a fluid pressure Operated 
cylinder 4 having a piston 42 slidably mounted 
therein. A piston rod 43 is connected at its lower 
end to the piston 42 and at its upper end by 
pin 44 with a yoked end of the arm 45 which 
is fixedly mounted on the rock shaft 40. When 
fluid under pressure is admitted through a 
pipe 46 into a cylinder chamber 4 above the 
piston 42, it thereby causes a doWinWard nove 
ment of the piston 42 and a counterclockwise 
movement of the arms i5 and 39 to move the 
clutch member 38 to Ward the right to engage 
the power drive to start the rotation of the 
headstock spindle 33 and the reciprocation of 
the table 2. Similarly, when fluid under pres 
Sure is admitted through a pipe 48 into a cyl 
inder chamber 49 below the piston 42, thus caus 
ing an upward movement of the piston 42 and a 
rocking of the levers 45 and 39 in a clockwise 
direction to Shift the clutch member 38 to Ward 
the left (Fig. 4), the clutch 38 is disengaged, 
thus disconnecting the power drive and stop 
ping the rotation of the headstock spindle 33 and 
thereby stopping the oscillation or reciproca 
tion of the Work Supporting table 2 f. 

Table reciprocation. 
In the lapping of crankpins and main bearing 

of an automotive camshaft, it is desirable to 
provide a relative reciprocatory movement be 
tween the crankshaft or camshaft being lapped 
and the lapping or abrading elements to pre 
Went production of abrasive grain markings on 
the pins and bearings of the crankshafts or the 
CanS and bearings of the camshafts. In the 
present case, the Work table 2 is arranged for a 
longitudinal reciprocatory movement which is 
preferably accomplished by transmission of the 
rotary motion of the headstock spindle 33 into a 
reciprocatory movement of the table 2. The 
Specific mechanism for reciprocating the table 
2 has not been illustrated in the present case, 
Since this mechanism is identical with that 
shown in the prior U. S. Patent No. 2,092,734 
dated September 7, 1937, to which reference may 
be had for details of the table reciprocating 
mechanism not found herein. 

Footstock 

One end of the crankshaft 24 is supported 
by a footstock 23 which is provided with a 
footstock center 5 which is journalled in bear 
ingS 53 and 54. Within a hollow slidably mounted 
sleeve 55. The sleeve 55 is slidably keyed by 
means of a key 56 within an aperture in the 
footstock frame. 
A fluid pressure actuating mechanism is pro 

Vided for moving the footstock center 5 rap 
idly to and from an operative position to Sup 
port One end of the crankshaft 24 Within the 
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machine. This mechanism comprises a fluid 
pressure cylinder 58 having a slidably mounted 
piston 59 contained therein. The piston 59 is 
connected to one end of a piston rod 60 which is 
connected to a pin . The central portion 
of the pin 6 is slabbed off on Opposite Sides SO 
as to slide Within an elongated slot 62 formed 
in an enlarged end portion of the piston rod 69. 
The pin 6 Serves as a central pivotal connec 
tion between a pair of toggle levers 63 and 64. 
The toggle lever 64 is connected to the foot 
stock frame by means of a stud 65. The other 
end of the toggle lever 5S is connected by a stud 
66 with a slidably mounted hollow sleeve 67 
which slides within an aperture 68 within the 
sleeve 55. The sleeve 6 is held against rota 
tion by means of a pin 69 which is carried by the 
Sleeve 6 and rides within an elongated slot in 
the sleeve 55. A spring a is contained Within 
the sleeve 6 and is interposed between the end 
Of an aperture of the sleeve 6 and a thrust col 
lar . 
When fluid under pressure is admitted through 

a pipe 2 to a cylinder chamber 13, the piston 
59 is noved downwardly and the toggle levers 
63 and 64 are moved from dotted line positions 
33d and 64d into the full line positions 63 and 
64 (Fig. 3) which serves to move the sleeve 6 
into the position illustrated. This movement 
Serves to CompreSS the spring 7 and, through 
the Connecting parts, moves the sleeve 55 and 
the footstock center 5s into operative support 
ing engagement with the end of the crank 
Shaft 24. During this movement, fluid is ex 
hausted from a cylinder chamber 74 through 
a pipe 5. The admission to and exhaust of 
fiuid from the footstock operating cylinder 58 
Will be hereinafter described. The footstock 
is identical With that shown in the prior United 
States Patent No. 2,117,960 dated May 17, 1938, 
to Which reference may be had for details of 
disclosure not contained herein. 

Lapping arm support 
It is desirable to provide a movable support; 

for a plurality of lapping arms so that they may 
Simultaneously and quickly be moved into an 
Operative Or inoperative position as desired. A 
pair of Spaced arms 80, only one of which has 
been illustrated in the drawings (Fig. 2), are 
mounted on a rock shaft 82 which is supported 
in bearings on the rear of the machine base 20. 
The arms 8 are provided with horizontally ex 
tending portions which are connected by two 
Spaced barS 82 and 83 which serve as slide bars 
or Ways for Supporting a plurality of lapping 
arms to be hereinafter described. The lapping 
airn assembly Supported by the arms 8 is ar. 
ranged. So that it may be automatically moved 
to and from an operating position to facilitate 
loading of crankshafts into the machine and 
removing them therefrom after a lapping Opera 
tion has been completed. In order to move 
the entire lapping arm a SSembly to and from an 
Operative position, a fluid pressure mechanism is 
provided including a fluid pressure Cylinder 84 
Which is pivotally mounted by means of a stud 
85 Within the base 20 of the machine. A piston 
86 is slidably mounted within the cylinder 84 
and is connected to one end of a piston rod 87. 
The other end of the piston rod 8 is connected 
by means of a stud 88 with an arm 89 pivotally 
mounted on a shaft 9 supported within the 
base 2. The other end of the arm 89 is con 
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2,166,086 
The other end of the link 92 is connected by 
means of a stud 93 with a toggle lever 94. The 
adjacent ends of the toggle lever 94 and a tog 
gle lever 95 are connected by means of a stud 
96. The toggle lever 94 is connected at its other 
end by means of a stud 97 with the base 20. The 
toggle lever 95 is connected by a stud 98 with an 
arm 99 which is fixedly mounted on the rock 
shaft 8 and is arranged to rock the shaft 8 
together with the arms 80 and all of the crank 
pin and bearing lapping arms together with 
their Supporting and actuating mechanisms 
either into or away from an operating position. 
The levers 89, 92, 94 and 95, as shown in full 

line positions (Fig. 2), are in a position to hold 
the arm 99 together with the entire lapping arm 
aSSembly in operating position. After the lap 
ping operation has been completed, fluid under 
pressure is admitted to the cylinder 84 to cause 
the piston 88 and piston rod 87 to move toward 
the right (Fig. 2) to shift the levers 89, 92, 94 
and 95 and also the arm 99 into the dotted line 
positions, 89a, 92a, 94a and 95a and 99a. This 
movement serves to rock the arms 80 in a clock 
Wise direction (Fig. 2) to move the entire lap 
ping arm aSSembly to an inoperative position. 

Fluid pressure system. 
A fluid pressure System is provided to control 

the admission of fluid under preesure to the 
Cylinder 84. A pump OO in the base 20 of the 
machine draws fluid through a pipe Of from a 
reservoir 02 within the base 20 of the machine 
and paSSes fluid under pressure through a pipe 
03 to a manually operable control valve Q4. 
The valve 04 is of a piston type having a valve 
stem 05 which is provided at its outer end with 
a Spool-shaped member 6 and is connected by 
means Of a Stud Or pin 07 mounted on One end 
of a control lever 8. The control lever OS 
is pivotally mounted on the front of the ma 
chine base by means of a stud G9 which is sup 
ported on the base 20 of the machine. A plu 
rality of valve pistons 0, , 2, 3 and 4 
ae formed integral With the valve stem 5. 
Fluid under pressure passing through the pipe 
03 passes into a valve chamber 5 located be 

tWeen the Walve pistons f2 and 3 and passes 
out through a pipe 6 into a cycle control valve 

7. The manually operated control valve 94 
Serves also as a stop and start valve for the cycle 
control valve fl. At the same time, fluid under 
pressure is admitted through the pipe 6, and 
fluid under pressure also passes through a pipe 
8 into the right-hand end chamber of the cycle 

control valve All. The cycle control valve 7 is 
a piston type Valve comprising a valve stem 9 
which has formed integrally thereWith valve 
pistons 20, 2, 22 and 23. When fluid under 
pressure is admitted through the pipe 8 into a 
chamber 24 between the valve piston 23 and 
the end cap of the valve 7, the valve stem 9 
is moved in a manner to be hereinafter described 
into its extreme left-hand position (Fig. 3). 

Fluid under pressure passing through the pipe 
f03 into the valve chamber 5 passes out through 
the pipe 6 into a valve chamber 25 located 
between the valve pistons 2 and 22 and passes 
out through a pipe 26 into a cylinder chamber 
2 to move the piston 86 into the position illus 

trated in FigS. 2 and 3 SO that the lapping arm 
assembly is in an operative position. 
During the admission of fluid under pressure 

to the cylinder chamber 27, fluid is exhausted . 
from a cylinder chamber 28 at the other end of 

3 
the cylinder 84 through a pipe 29, through a 
valve chamber 30 located between the valve pis 
tons 22 and 23, and passes out through a pipe 
3 into a hydraulic control mechanism to be 
hereinafter described. A fluid pressure relief 
valve 32 is connected in the pipe line 03 and 
Serves to by-pass excess fluid under pressure 
Within the pipe 03 to the reservoir 02. 
The cycle control Valve also serves to con 

trol the admission of fluid under pressure to the 
footstock actuating cylinder 58. The pipe 72 is 
connected to the pipe 26 and serves to convey 
fluid under pressure to the footstock cylinder 
chamber 73 simultaneously with the passage of 
fitlid under pressure to the cylinder chamber 27 
of the cylinder 84. The pipe '75, which is con 
nected to the cylinder chamber 74 of the cylinder 
58, is connected with the pipe 29 so that in the 
position of the cycle control valve 7 (Fig. 3). 
fluid will exhaust simultaneously from the cylin 
der chamber 74 in the cylinder 58 and from the 
cylinder chamber 28 in the cylinder 84. 
When the cycle control valve O4 is shifted 

into the position illustrated in Fig. 3, fluid under 
pressure Simultaneously enters both the cylinders 
58 and the cylinder 84 and, due to the fact that 
less power is required to move the footstock center 
than the lapping arm assembly, the footstock 
center 5f moves first into an operative position 
in engagement with the end of the work piece 
24, after which the lapping arm aSSembly moves 
into an Operative position adjacent to the crank 
pins and bearings to be lapped. 

Lapping arms 
In order that all of the crank pins and main 

bearings on the crankshaft 24 may be simul 
taneously lapped, a plurality of Crankpin and 
bearing lapping arms are provided which COe 
Spond in number with the crankpins and bear 
ings to be lapped. As illustrated, there are three 
main bearing lapping arms 40, 4 and 42 
There are four crank lapping arms f43, 44, 45 
and 46. The main bearing and Crankpin lap 
ping arms are Supported in spaced relationship 
With each other so as to Simultaneously engage 
and lap the three main bearings and the four 
Crankpins on the crankshaft 24. 
The bearing lapping arms and Crankpin lap 

ping arms are substantially identical in construc 
tion. The bearing lapping arms are Stationary 
While lapping the main bearings which are con. 
centric with the axis of rotation of the crank 
shaft 24, whereas the crankpin lapping arms are 
rocked during the lapping operation due to the 
fact that they engage a crankpin which revolves 
about the axis of rotation of the crankshaft 24. 
A side elevation of the lapping arm 42 is 

shown in Figs. 2 and 6. The lapping arm 42 as 
Well as all of the other lapping arms are each 
provided with a pair of pivotally mounted lap 
Supporting arms 50 and 5 which are provided 
at their operative ends with partial cylindrical 
lap Supporting blocks 52 and 53, respectively. 
The arms 50 and f5 are pivotally supported by 
the studs f4 and 55 on the lapping arm 42. 
The other ends of the arms 59 and 5 are inter 
Connected by means of a pair of toggle levers 56 
and 57 which are connected together at their 
inner ends by means of a stud 58. The stud 
58 slides in an elongated slot 59 in the side 

plate of the lapping arm f42. When the toggle 
levers 56 and 57 are in a straight line position 
(Figs. 2 and 6), the lap Supporting members 52 
and i53 are maintained in operative engagement 
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4. 
to hold an abrasive or lapping element in oper 
ative contact with a portion of the crankshaft 24. 
The lap supporting arms 50 and 5 are ar 
ranged to be autoimatically moved into and away 
from an operative position, and in the preferred 
construction a hydraulically operated mecha 
hism is provided for actuating the same com 
prising a fluid pleSSure cylinder 42d which is 
either fixedly mounted on or formed integral 
With the upper end of the lapping arm 42. A 
piston 4.2b is slidably mounted therein and is 
Connected to One end of a piston rod 42c. The 
other end of the piston rod 42b is connected by 
a Stud 68 with a link 6 . The other end of the 
link S is connected to the stud 53 which 
ivotally connects the adjacent ends of the 

toggle levels 56 and 5. 
It will be readily apparent from the foregoing 

discoSure that, When the pistOn 42b is moved 
downwardly, that is, toward the left (Fig. 2), the 
piston rod 42c and the connecting link 6 will 
be moved also in a downward direction toward 
the left which serves to unlock the toggle levers 
56 and 57 and thereby to rock the lap support 

ing arms 59 and 5 together with the lap sup 
porting elements 52 and 53 to an inoperative 
position Out Of engagement With the crankshaft 
24. When fluid under pressure is passed through 
a flexible pipe 42f into a cylinder chamber 42e, 
the piston 4.2b will be moved downwardly to move 
the toggle levers A58 and 5 into a straight-line 
position (Figs. 2 and 6) to move the abrasive lap 
ping element into an operative position in engage 
ment with the work piece 24 for a lapping opera 
tion. Similarly, when fluid under pressure is ad 
mitted to a flexible pipe 42f to cause an up 
Ward movement of the piston 42b toward the 
right (Figs. 2 and 6), the toggle levers 56 and f 57 
Will be unlocked to move the lapping elements 
to an in Operative position. 

It is to be noted in the drawings (Fig. 3) that 
each of the lapping arms is provided with an 
independent fluid operated piston and cylinder 
aS Well as piston rods which have been designated 
in the diagrain with the same reference numerals 
as the lapping arm on which it is mounted, the 
cylinders being designated by the letter a, the 
pistons by the letter b, the piston rods by the 
letter C, and the cylinder chambers by the letter e. 

It is desirable that all of the lapping elements 
represented by the Supporting members f2 and 
f53 (Fig. 2) be moved into and away from an 
Operative position simultaneously. This is pref 
erably accomplished by providing a pair of longi 
tudinally extending pipes or manifolds 63 and 
;34 which are fixedly supported on the spaced 
arms 83 and serve as a common source of fluid 
under pressure which may be forced either 
through the flexible pipe 42d to move the lapping 
elements into an operative position, or when the 
fluid under pressure is reversed, to flow through 
the flexible pipe 42f simultaneously to move all 
of the lapping elements to an inoperative position 
after the lapping Operation has been completed. 
The admission to and exhaust of fluid from the 
manifold or pipes 63 and fi4 is controlled by the 
cycle control valve . A pipe 65 is connected 
between the manifold or pipe 63 and the valve 
chamber 25 and serves in the position of the 
valve 7 (Fig. 3) to admit fluid under pressure 
to the manifold or pipe 63, into the cylinder 
chamber 42e, and simultaneously to all of the 
other corresponding cylinder chambers in the cyl 
inders on each of the lapping arms to move and 
hold said lap Supporting arms in an Operative 
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position for a lapping operation. A pipe 66 is 
connected between the manifold or pipe 6 and 
the Valve chamber 30 So that in the position of 
the valve f l (Fig. 3), fluid may be exhausted 
from the upper cylinder chambers on each of the 
lapping arms, through the manifold 64 and the 
valve chamber 30, into the pipe 3 into a fluid 
control System to be hereinafter described. 
Each of the lapping arms f40 to 46 inclusive is 

pivotally supported. The details of the Support 
for the lapping arms being identical, only one 
Support has been illustrated in detail. An arm 
f75 is pivotally mounted on a supporting member 
76 which is clamped in adjusted position on the 

guide rods 82 and 83. The lower end of the arm 
5 is pivotally mounted to the Supporting mem 

ber 76 by means of a pivotal connection 7. A 
pivotal connection 78 serves to connect the arm 
75. With the lapping arm 42 So that the arm 

f42 is free to move. All of the lapping arms, both 
Crankpin and main bearings, are mounted in the 
Sane manner So that When the lapping elements 
are clamped in engagement With a crankpin and 
main bearing, the crank lapping arms may foll 
low as the crankpin is revolved to produce the 
desired lapping action. 
A flexible abrasive paper or cloth is preferably 

utilized as an abrading or lapping medium. Each 
of the lapping arms is provided with a separate 
Strip of continuous abrasive paper which wraps 
around the crankpin or main bearing and is held 
in position thereagainst by the lap supporting 
members 52 and 53. A rod f 80 is supported on 
the rear of each of the supporting members 6 
by means of a bracket 8 and serves as a support 
for a reel 82 of flexible abrasive paper 83. The 
abrasive paper 83 passes through guides 84 and 
i85 supported on the under side of the supporting 
member 6 and passes through a series of rollers 
186 carried by a bracket 87. The abrasive paper 
above described Wraps around a main bearing or 
a crankpin of the crankshaft 24 and is supported 
by the lap supporting members 52 and 53. The 
Worn or used abrasive paper is Wound up On a reel 
88 which is supported by a stud 89 carried by a 
bracket 90 supported on the lap supporting 
arm 50. 
The lap supporting members 52 and 53 are 

mounted SO that they may float or move relative 
to the arms 58 and 5, so that the lap support 
ing members 52 and 53 are self-aligning when 
brought into operative engagement to support the 
abrasive paper On a Crankpin on the main bearing 
for a lapping Operation. 
The brackets 87 and 90 are fixedly mounted 

to the floating lap supporting members 52 and 
f53. A holding pawl 9 cooperating with a 
ratchet wheel on the end of the reel 88 serves to 
prevent unreeling of the worn abrasive paper 83 
Wound up on the reel 88 when the lap supporting 
arms 5 and 5 are moved to and from an oper 
ating position. As illustrated in the drawings, the 
abrasive paper is fed manually when desired by 
the Operator by manually turning the reel 88. 
Only one of the reels 88 and the associated parts 
to guide the abrasive lapping paper 83 through 
the reel f88 has been illustrated in detail. Each 
lapping arm is provided with similar equipment 
Supported on a separate Supporting member 76. 
The abrasive paper and wind-up reels for each 
of the lapping arms are illustrated in the front 
elevation of the machine (Fig. 1). 
The lapping arm 40 is supplied with a strip of 

abrasive paper 95 which is wound up on a reel 
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of abrasive paper 97 and the used portion thereof 
is Wound up on a reel 98. The lapping arm 44 
is Supplied with a strip of abrasive paper 99, the 
used portion of which is wound up on a reel 200. 
The lapping arm 4 is supplied with a strip of 
abrasive paper 20?, the used portion of which is 
Wound up on a reel 22. The lapping arm 45 is 
provided with a strip of abrasive paper 203, the 
used portion of which is wound up on a reel 204. 
The lapping arm 46 is supplied with a strip of 
abrasive paper 205, the used portion of which is 
Wound up on a reel 206. Inasmuch as the abrasive 
paper supporting reels and guide means are iden 
tical for each of the lapping arms, only one of 
these mechanisms has been completely illustrated, 
as shown in Fig. 2. 

It is desirable to provide a guiding means for 
guiding the lapping arms during their swinging 
movement as they follow the revolving crankpins, 
and to provide a clamping mechanism to clamp 
all of the lapping arms in their indexed position 
relative to the supports fl. 6 before the lap sup 
porting members 52 and 53 are released from 
operative position and the lapping arm assembly 
is SWung to an inoperative position to facilitate 
loading of the machine. It is desirable to provide 
such a clamping device so that when the arms 80 
are moved to an inoperative position after a new 
crankshaft has been loaded into the machine, all 
of the lapping arms will be in proper indexed 
position so that the lap supporting members 52 
and 53 may be automatically brought into en 
gagement simultaneously With each of the Crank 
pins and main bearings of the crankshaft 24. 
In order that the lapping elements may be 

guided in their SWinging movement and held 
against lateral movement during reciprocation 
or oscillation of the crankshaft 24 during the 
lapping operation, a pair of parallel guiding 
plates 20 and 2 are fixedly mounted on the 
supporting bracket 76 and are spaced apart by 
a distance equal to the thickneSS of the lapping 
arm f 42. The lapping arm 42 is guided thereby 
and is held against lateral movement by the guide 

The lapping arm 40 is sim 
ilarly guided by guide plates 22 and 23. The 
lapping arm 43 is guided by guiding plates 24 
and 25. The lapping arm 44 is guided by the 
guiding plates 26 and 27. The lapping arm 
4f is guided by guide plates 28 and 29. The 
lapping arm 45 is guided by guide plates 220 and 
22, and the lapping arm f 46 is guided by the 
guiding plates 222 and 223. 

Lap arm-clamping device 
In Order to provide means for simultaneously 

clamping all of the crankpins and the bearing 
lapping arms in their respective indexed posi 
tions, the guide plates 20, 22, 24, 26, 28, 220 
and 222 are each provided with a groove or guide 
way 224 which supports a slidably mounted mem 
ber 225 having can Surface depressions 226 
formed in the slidably mounted member 225. It 
will be readily apparent that if the slide 225 is 
moved upwardly (Figs. 5 and 7) relative to the 
guiding plate 20, the cam depression 226 en 
gaging the fixed cams 227 and 228 will cause the 
slide member 225 to move toward the right (Fig. 
6) and thereby bind or clamp the lapping arm 
42 in a fixed position relative to the guiding 

plates 20 and 2 ?. Each of the lapping arms 40 
to 46 inclusive is provided with an identical 
clamping means, consequently only one of these 
ciamps has been illustrated in detail. The guide 
plates 2 f2, 214, 26, 218, 220 and 222 are each 

5 
provided with a clamping slide 2 f2a, 2 4a, 2 f6a, 
28a, 220a, and 222d, respectively. 

In order to simultaneously clamp all of the lap 
ping arms, a mechanism is provided for simul 
taneously actuating the clamping slides 225, 22a, 
24a, 26a, 2 8a, 220a, and 222a. As illustrated in 
the drawings, a shaft 23 is rotatably supported 
in apertures in the guiding plates 2fO to 223 in 
clusive. Each of the clamping slides is provided 
With an elongated slot 232 (Fig. 7). The shaft 
23 carries an eccentric 233 which rides within 
the elongated slot 232. When the shaft 23 is 
rotated, the eccentric 233 rotating within the 
elongated slot 232 causes the clamping slide 225 
to move relative to the guiding plates 20 and 
2ff, so as to clamp the lapping arm 42 in an in 
dexed position relative to the plate. The shaft 
23 is provided with a plurality of eccentric mem 
bers corresponding to the eccentric 233, each of 
which is arranged to engage elongated slots in 
the respective clamping slides 22a, 24a, 26a, 
28a, 220a, and 222a. 

Clamp actuating motor 
A vane type fluid pressure motor 240 is pro 

Widede for rocking the shaft 23 simultaneously 
to clamp and release all of the lapping arms. The 
motor 240 is provided. With a rotor shaft 24 
Which supports a rotary vane 242. The rotor 
Shaft 24 projects from the motor casing toward 
the left (Fig. 5). An arm 243 is supported on one 
end of the rotor shaft 24. The arm 243 is pro 
vided with an enlarged head 244 having a notch 
245 formed in the outer end thereof. A lever 246 
is fixedly mounted on the shaft 23 and is pro 
vided with a spring-pressed plunger 24, which is 
arranged to engage the notch 245 to lock the le 
Ver 246 to the lever 243 so that the rotation of 
the Vane 242 of the motor 240 will be transmitted 
to rotate the shaft 23 to clamp or release all 
of the lapping arms. The plunger 247 is con 
nected With a knob. 248 by means of which the 
plunger 247 may be withdrawn from the notch 
245 so that the clamping mechanism may be 
Operated manually if desired. 

Interlocks 
In order to attain one object of the invention, 

it is desirable to provide Suitable interlocks so 
that various mechanisms of the machine will 
Operate in a predetermined sequence. When a 
Crankshaft has been loaded into the machine, the 
Control lever C8 is moved to shift the valve O4 
to start the cycle of operation. The movement 
of the valve 04 serves to shift the cycle control 
Valve 7 by an intermittent stepped movement 
Controlled by a mechanism to be hereinafter de 
Scribed, so that the moving parts of the machine 
operate in the following sequence: 

(d) Footstock center 5 moves in to grip Work. 
(b) Arms 80 Which Support the crankpin bear 

ing lapping arms swing forward into an operating 
position. 

(c) JaWS close onto Work. 
(d) Lapping arms are unclamped. 
(e) Headstock starts rotating. 
(f) Headstock stops rotation. 
(g) Lapping arms are clamped in an indeX 

position. 
(h) JaWS open. 
(i) Arms 80 Swing back to an inoperative po 

sition. 
(d) Footstock. center moves out of engagement 

With the Work to release the same, after which 
the Crankshaft may be unloaded from the ma 
Chine, 
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The cycle control valve if T is shifted from one 
end position to another by fluid under pressure 
conveyed to end chambers at opposite ends of 
said valve. In order to obtain the desired oper 
ating cycle, the ports from the valve 7 to the 
Various hydraulically operated units, namely 
footstock Cylinder 58, lap arm engaging cylinders, 
clarinp rotary notor 240, and headstock clutch 
cylinder 4, are arranged so that fluid under pres 
Sure is admitted to the various units in the 
desired sequence so as to obtain a predetermined 
Cycle of Operation. It is desirable to control the 
shifting of the valve stem 9 of the valve 
S0 that it moves intermittently to allow each 
individual mechanism sufficient time to operate 
before the Valve shifts to admit fluid to the next 
mechanisin. In order to control the movement 
of the valve 7, a stop plate 256 is supported by 
brackets 25 and 252 which are connected to 
Opposite ends of the valve stem if 9. The stop 
plate 25 is provided with a stop abutment 253 
Which engages a stepped plate 254 when the 
Valve stem f : 9 moves toward the right at the 
end of a lapping cycle. The stepped plate 254 
is provided with stepped stops 255, 256,257 and 
258 which are engaged by the stop abutment 253 
of the plate 25 successively to limit the move 
inent of the valve stem - 9 toward the right. 
The Stepped plate 254 is supported by a guide 
259 which Serves to take the thrust of the valve 
Stern 9. 
The stepped plate 254 is moved vertically in 

timed relation with the operation of the various 
mechanisms of the machine successively to pre 
Sent Successive Stops into operative relation with 
the Stop abutment 253 which moves with the 
Valve Stern 9. The vertical movement of the 
plate 256 is preferably controlled by a fluid oper 
ated cylinder 269 having a piston 26 slidably 
mounted therein. The piston 26 is connected 
to the lower end of a piston rod 262, the upper 
end of Which is connected to the stepped stop 
plate 254. 
A similar stop abutment:265 is provided on the 

plate 258. The stop abutment 265 is arranged in 
the path of a vertically movable stepped Stop 
plate 286 having a plurality of stepped stop abut 
ments 267, 268,269 and 27 O. Aguide 2 is pro 
Vided for the vertically movable stepped plate 
266. This guide block is supported in fixed rela 
tion. With the base of the machine and serves to 
take up the thrust of the moving valve stem (9 
When the valve is being moved toward the left 
at the start of a lapping cycle. The stepped stop 
plate 286 is similarly moved vertically in a man 
ner to be hereinafter described by means of a 
fluid pressure mechanism comprising a cylinder 
275 having a piston 276 slidably mounted therein. 
A piston rod 2 is connected at its lower end 
to the piston 276 and at its upper end is con 
nected to move the stepped stop plate 266 to 
produce an intermittent stepped movement of 
the cycle control valve 7 as the valve moves 
toward the left at the start of a lapping cycle. 
The cylinders 269 and 275 are connected to 

receive the exhaust of fluid from each side of 
the System. The shape of the stepped stop plates 
254 and 266 is determined by the fluid volume 
contained in the various fluid pressure operated 
mechanisms of the machine so that when fluid 
exhausts from one mechanism, the volume will 
be sufficient to raise the pistons 26 or .276, as 
the case may be, a sufficient distance to bring 
the next stop on the stepped stop plate into 
operative position with the stop plate 250. Fluid 
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-under pressure exhausting from the foodstock 
cylinder 58, the lapping arm assembly cylinder, 
a lapping arm clamping motor 249, the lapping 
jaw closing cylinders, and the headstock cylinder 
4, exhausts through the valve chamber 39 lo 
cated between the valve pistons 22 and 23 in 
the valve f, out through a pipe 34, through 
-a, Valve chamber 28 located between the valve 
pistons 3 and 4 of the valve 04, and passes 

: Out through a pipe or passage 28 into a cylinder 
chamber 282 below the piston 276 intermittently 
to raise the piston, thus moving the stepped stop 
plate 266 vertically to bring successive steps into 
Operative relation with the stop abutment 265 
of the plate 250. 

Similarly, when the cycle control valve 7 is 
moved into its reverse position, fluid is exhausted 
from the various hydraulically controlled units 
into a Valve chamber 285 located between the 
valve pistons 20 and 2 in the cycle control 
Valve 7, through a pipe 286, into a valve cham 
ber 28 located between the valve pistons if 0 
and f of the manually operated valve f34. 
Fluid passes from the valve chamber 28 through 
a pipe or paSSage 288, into a cylinder chamber 
289 to raise the piston 26 a distance governed 
by the volumetric exhaust of fluid from the oper 
ating mechanism. 
The stepped stop plates 254 and 266 serves to 

limit the movement of the valve stem if 9 either 
toward the right or toward the left, respectively, 
So that the various hydraulically operated mech 
anisms will Operate in a definite sequence. In 
Order to slow down the movement of the valve 
piston 9 before the stop abutments 256, 257 : 
and 258, respectively, are engaged by the stop 
abutment 253, a throttle valve 29) is placed in 
the exhaust pipe line 29 so that when the valve 
stem 9 is moved toward the left, fluid which 
is exhausted from the left-hand end chamber of 
the valve i? through the pipe 335 passes out 
through a valve chamber 292 located between 
the valve pistons fff and 2 and out through 
the pipe 29, throttle valve 290 and pipe 2S3 
into the reservoir f02. The valve 29, is normally 
held in an upward position by means of a Spring 
and may be partially closed automatically by 
means of the adjustable screws 294, 295 and 296 
carried by the plate 250 engaging the head of 
the valve 290 and throttling the fluid to slow 
down the movement of the valve stem 9. 
Similarly, when the valve stem 9 of the valve 
T is moved toward the right by fluid under 

preSSure after a lapping operation has been com 
pleted, fluid exhausts from the end chamber 24, 
through a pipe f8, into a valve chamber 5 lo 
cated between the valve pistons 2 and 3, and 
passes out through a pipe 297, a throttle valve 
298, and a pipe 299 into the reservoir G2. The 
throttle valve 298 is similarly closed automatically 
by means of a plurality of adjustable screws 368, 
30 and 302 which are carried by the plate 25 
and which Serve to slow down the movement of 
the valve stem ff 9 as the abutment 265 on the 
plate 250 is moved into the various Steps on the 
stepped stop plate 266. The operation of this 
improved machine will be readily apparent from 
the foregoing disclosure. The positions of the 
parts show the machine in an operating position 
and the lapping elements in operative engagement 
With the crankshaft being lapped. The lapping 
Operation proceeds to the desired extent. After 
a predetermined lapping operation has been com 
pleted, the control lever 98 is rocked in a coun 
terclockwise direction. This movement serves to 
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shift the valve stem 5 toward the right, thus 
changing the direction of flow of fluid. Fluid 
under pressure passing through the pipe 03 en 
ters a valve chamber 292 located between the 
valve pistons and 2 and passes out through 
a pipe 305 into the left-hand end chamber in the 
cycle control valve 7 to start the valve stem 
9 moving toward the right. 
In the position of the Valve shown in Fig. 3, 

the stop abutment 265 bears against the stop 
surface 267 of the stepped stop plate 266. When 
fluid under pressure is admitted through the pipe 
305 into the left-hand end chamber of the valve 

7, the valve stem 9 moves toward the right 
into the position illustrated in Figs. 12 and 13 
With the stop abutment 253 of the plate 25 en 
gaging the step 255 on the stepped plate 254. 
This movement of the valve shifts the Valve 
piston f2 so that fluid within the headstock 
clutch cylinder chamber 47 may exhaust through 
the pipe 46 into the valve chamber 285 and 
through the valve chamber 28 and out through 
the pipe or passage 288 into the cylinder cham 
ber 289. The volume of fluid within the cylinder 
chamber 47 raises the piston 26 slightly from 
the bottom of the cylinder 260 into the position 
illustrated in Fig. 13, in which position the fluid 
Within the left-hand end chamber of the Valve 

it may continue the movement of the valve 
stem 9 toward the right. At the same time 
fluid is exhausted through the pipe 46, the Valve 
piston 22 has moved toward the right sufficiently 
to admit fluid under pressure through the pipe 
48 to raise the piston 42 and disengage the head 
stock clutch 38, thereby stopping the rotation of 
the headstock 22 and the reciprocation of the 
work supporting table 2. 
The pressure within the left-hand end chamber 

of the valve 7 then shifts the valve stem 9 
a further distance toward the right until the 
stop abutment 253 of the plate 250 engages the 
step 256 of the plate 254 which temporarily pre 
vents further shifting of the valve stem 9. 
During this shifting movement of the valve stem 

9, the adjustable screw 32 engages and actu 
ates the throttle valve 298 to retard the exhaust 
of fluid from the end chamber 24 of the Valve 

7 to slow down the shifting movement of the 
valve stem 9. 
When the valve stem 9 slows down as it ap 

proaches a second predetermined position, fluid 
within the clamping motor may exhaust through 
the pipe 243 and through the valve chamber 285, 
the valve chamber 28, and passage 288, into the 
cylinder chamber 289 below the piston 26, thus 
raising the piston 26 and stepped stop plate 254. 
During this exhausting movement, the valve pis 
ton f22 has moved sufficiently toward the right 
to uncover the port at the end of the pipe 244 
so as to admit fluid under pressure through the 
pipe 244 into the clamping motor 240 to rotate 
the vane 242 in a clockwise direction to clamp 
all the lapping arms in an indexed position. 
The exhaust fluid from the clamping motor 240 

is Sufficient to raise the plate 254 so that the valve 
Stem 9 may continue itS movement toward the 
right until the stop abutment 253 of the plate 250 
and the valve stem if 9 slows down as it ap 
proaches the step 257 of the stepped plate 254. 
During this movement the adjustable screw 30 
engages and actuates the throttle valve 298 to 
slow down the movement of the valve stem 9 
and prevent the stop abutment 253 from engag 
ing the Stepped plate 254 at a rapid rate. This 
movement of the valve stem 9 shifts the valve 

7 
pistOn 2 a sufficient distance toward the right 
to uncover a port at the end of the pipe 65 
Which allows fluid Within all of the lapping arm 
lap Shoe actuating cylinders to exhaust from be 
low the pistons. This exhaust fluid passes 
through the valve chamber 235, the valve cham 
ber 287, through the pipe or passage 288 into the 
cylinder chamber 289 to raise the piston 26. 
The fluid volume within the lapping arm lap ac 
tuating cylinders is sufficient to raise the piston 
26 and the stepped plate 254 a sufficient dis 
tance So that the valve stem 9 continues itS 
movement a further distance to Ward the right. 
During this exhaust of fluid from the lap arm 
lap actuating cylinders, the piston 22 has moved 
a Sufficient distance toward the right to uncover 
the port at the end of the pipe 66 so as to admit 
fluid under pressure through the pipe 66 simul 
taneously to release all of the lap elements from 
engagement with the crankpins and main bear 
ings of the crankshaft 24. 
The stepped plate 254 having been raised a suf 

ficient distance, allows the valve stem f 9 to 
move to its extreme right-hand position with 
the abutment 253 in engagement With the step 
258 on the stepped plate 254. During movement 
into this position, the screw 32 engages the 
throttle valve 293 and slows down the movement 
Of the valve stem 9. This latter movement of 
the valve stem 9 into its extreme right-hand 
position serves to move the valve piston 2 to 
Ward the right a Sufficient distance to uncover 
the port at the end of the pipe 26, thereby 
allowing fluid simultaneously to exhaust from the 
chamber 73 of the footStock actuating cylinder 
58 and from the cylinder chamber 2 of the lap 
arm assembly actuating cylinder 83. At the Same 
time, the valve piston 22 has moved a sufficient 
distance toward the right to uncover the port at 
the end of the pipe 29 so that fluid under pres 
Sure Within the chamber 25 is admitted through 
the pipe 29 simultaneously into a cylinder cham 
ber 4 below the piston 59 of the footstock actu 
ating cylinder 58 and into the chamber 25 at 
the left-hand end of the lap arm assembly actu 
atting cylinder 84 which serves to withdraw the 
footstock center 5 and then to move the lapping 
arm assembly to its inoperative position to facili 
tate unloading the lapped crankshaft and to allow 
a new shaft to be placed in the machine. 

During this stopping of the lapping cycle, the 
valve piston 4 of the valve 04 has moved to 
Ward the right So that fluid within the cylinder 
chamber 282 of the cylinder 275 may exhaust 
through the pipe 28 into the valve chamber 280 
and out through the pipe 299 into the reservoir 
02 so that when the parts are positioned at the 

end of the lapping cycle, the piston 26 will be 
in its extreme downward position ready for the 
next lapping cycle. 
The crankshaft 24 which has been lapped is 

then removed from the machine and a new shaft 
to be lapped is placed in position on the Work 
Supporting Cradles 30 and 3 and rolled into 
an Operating position in Vertical alignment with 
the work centers. The control lever 08 is then 
rocked in a clockwise direction to shift the Valve 
04 toward the left to initiate a lapping cycle. 
At the Start of the lapping cycle, the stop abut 
ment 253 is in engagement with the step 258 of 
the stepped plate 254. When the valve stem 5 
is moved to its left-hand end position, fluid under 
preSSure is admitted through pipe 8 to end 
chamber 24 to start the valve stem 9 moving 
toward the position illustrated in Fig. 3. The 
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Valve Sten 9 noves toward the left and its 
In OWenent is slowed down as the abutment 265 
approaches the Step 2 on the stepped plate 
266. This movement Serves to admit fluid under 
preSSure to Operate the footstock pistOn 59 and 
to admit fluid under pressure to the lap arm 
aSSembly cylinder 84 to move the lapping arm 
aSSembly into operative position. During this 
movement fluid is exhausted from the opposite 
ends of the lap arm assembly cylinder 84 and the 
footstock cylinder 58 through the pipe A29 and 
into the cylinder chamber 282 to raise the stepped 
plate 266 so that the valve stem - 9 may con 
tinue its movement toward the left until the 
Stop abutment 235 approaches the step 269 of 
the stepped plate 26, which movement uncovers 
a port to admit fiuid through the pipe 65 which 
moves all of the lap arm pistons upwardly to 
clamp the lapping elements in operative position 
On the pin S and main bearingS of the crank 
shaft 24. During this movement fluid within the 
other Side of the lap arm cylinders passes out 
through the pipe 66 and into the cylinder 
chamber 282 again to raise the piston 25 and 
the stepped plate 26S So that the valve stem 9 
may move So that the abutment 265 approaches 
the step 268. This further movement of the 
Valve stem 9 Serves to admit fluid under pres 
Sure through the pipe 243 to unclamp the lapping 
arms. During the unclanping movement fluid 
exhaustS from the Other side of the clamping 
motor 24 through the pipe 244 and into the cyl 
inder chamber 282 to again raise the stepped 
plate 266. The plate 266 rises a Sufficient distance 
So that the valve stem 9 may continue its 
movement to Ward the left until the abutment 
265 approaches the step 267 of the plate 266 
which uncovers a port to admit fluid under pres 
Sure through the pipe 46 into the chamber 4 
Of the headstock clutch cylinder 4 to engage 
the clutch 38 and start the Work rotation and 
Work Support reciprocation, after which the 
lapping Operation proceeds for the desired time 
interval. This cycle of operation is then repeated. 

during the shifting of the valve stem. 9 to 
ward the left, the Screws 294, 295 and 296 suc 
cessively actuate the throttle valve 29 to throttle 
the exhaust of fluid from the left-hand cylinder 
chamber of the cycle control valve to slow 
down the movement of the valve stem 9 dur 
ing the various steps thereof. 

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 be understood that 
all matter hereinbefore Set forth or ShoWn in 
the accompanying dra Wings is to be interpreted 
as illustrative and not in a limiting sense. 

claim: 
1. In a hydraulically Operated crankshaft lap 

ping machine having a plurality of fluid motors 
independently to operate the footstock, the lap 
arm a SSembly frame, the Opposed lapping ele 
ments, the clamping mechanism and the head 
stock clutch, a cycle control valve, end chambers 
in said cycle control valve whereby the valve 
may be shifted in either direction by fiuid under 
pressure, a manually Operable Valve to a dinit 
fluid under pressure to either end chamber of 
Said control Wave, a throttle Valve to control the 
exhaust of fluid from said end chambers, and 
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means including a plurality of Spaced adjustable 
members whereby the throttle Valve may be 
actuated intermittently to slow down the control 
Valve no Weinent Sufficiently SO that one mecha 
risin may complete its operation before the next 
mechanism startS Whereby the footStock, lap 
arm a SSembly, lap elementS, lap artin Clainping 
mechanism and headstock clutch Operate in the 
desired and predetermined Sequence. 

2. In a hydraulically operated Crankshaft lap 
ping machine having a plurality of fluid notOS 
independently to Operate the footStock, the lap 
arm assembly frame, the opposed lapping ele 
ments, the clamping mechanism and the head 
Stock clutch, a cycle control Valve, end chambers : 
in Said cycle control valve whereby the valve 
may be shifted in either direction by fluid under 
pressure, a manually operable valve to admit 
fluid under pressure to either end chamber of 
Said control Wave at the start or finish of a lap 
piing Operation, an independent throttle WallWe aS 
Sociated. With each of Said end chambers to COn 
trol the exhaust of fiuid therefron and thereby 
to control the Speed of novement of the cycle 
Control Valve, and means including a plurality Of 
Spaced adjustable members Whereby the throttle 
Valves ninay be actuated in timed relation. With 
the cycle control Valve novement to slow down 
the movement of the control valve sufficiently so 
that One mechanism may complete its Operation 
before the next movement StartSSO that the foot 
Stock, lap arm aSSembly, lapping elements, lap 
ping arm clanping mechanism and headstock 
clutch may be operated in the desired and prede 
termined sequence. 

3. In a hydraulically operated crankshaft lap 
ping machine having independent fluid notors to 
Operate each mechanism, a cycle control mecha 
nism including a control valve, said control 
Valve being arranged Successively to admit fluid 
under preSSLIre to Said motors independently to 
actuate the Several mechanisms in a predeter 
mined Sequence, a manually operable valve to 
admit fuid under pressure to either end of Said 
control Valve at the start or finish of a lapping 
Operation, a Safety device including a stepped 
plate So as to prevent a continuous rapid shift. 
ing Of Said control Valve, and a displacement 
piston and cylinder Operatively connected to ac 
tuate Said plate, Said displacement piston being 
actuated intermittently by exhaust of fluid fron 
Said notOrS. 

4. In a hydraulically operated Crankshaft lap 
ping machine having a plurality of fluid motors 
independently to actuate a footstock, a lap arm 
assembly frane, Opposed lapping elements, a lap 
arm clamping mechanism and a headstock clutch, 
a cycle control Valve, said control Valve having 
end chambers whereby the valve is actuated by 
fluid under pressure, a manually operable valve 
to admit fluid under pressure to either end of 
said control Valve at the start or finish of a 
apping Operation, a stepped plate Which is ar 
ranged to prevent a continuous movement Of 
the control valve, an independent throttle valve 
associated With each of said end chambers to 
control the exhaust of fluid therefrom, a dis 
placement piston and cylinder operatively con 
nected to move said plate, said displacement, cyl 
inder being displaced Successively by exhaust of 
fluid from said motors, said displacement piston 
and cylinder and stepped plate serving as a safety 
deVice to prevent shifting of the cycle control 
Valve unless said motors have functioned, and 
means actuated in timed relation with the move 
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ment of Said cycle control Valve intermittently 
to actuate said throttle valves to slow down the 
shifting movement of the cycle valve to allow a 
Sufficient time interval for each. Successive mecha 
nism to function. 

5. In a lapping machine having a plurality of 
lapping arms, a movable frame to support Said 
arms, a clamping mechanism for clamping said 
airns relative to Said frame, a rotatable Work 
Support including a notor driven headstock and 
footstock, means including a clutch to start said 
headstock, a plurality of fluid motorS respectively 
connected to actuate said footstock, said frame, 
Said lapping armS, Said clanping mechanism and 
Said headstock clutch, a control valve to control 
the admission to and exhaust of fluid from all of 
said motors, end chambers in said control valve, 
a manually operable start and stop valve to ad 
mit fluid under pressure to either One or the other 
of said end chambers, and means including an 
intermittently actuated stepped stop plate to pro 
duce an intermittent stepped novement of the 
control valve so as to interlock the Several mecha 
nisms of the machine. 

6. In a lapping machine as claimed in claim 1, 
the combination with the parts and features 
therein specified, of a stepped plate which serves 
as a safety device during the stepped movement 
of Said control valve When moved in either direc 
tion, a displacement cylinder and piston opera 
tively connected independently to actuate each 
of said stepped plates, said displacement cylinder 
being arranged successively to receive exhaust 
fluid from said motors whereby the stepped plate 
is intermittently raised, the exhaust, fluid from 
each of said motors being Sufficient to displace 
said piston to raise the stepped plate a predeter 
mined extent to allow the control valve to move 
to its next position. 

7. In a crankshaft lapping machine as claimed 
in claim 1, the combination with the parts and 
features therein specified, of a safety device for 
controlling the intermittent movement of the 
control valve comprising a stepped plate, a dis 
placement piston and cylinder actuated during 
the shifting of the control valve at the start of 
the lapping cycle by fluid exhausting Successively 
from said motors to control the intermittent 
shifting of the control valve so as to provide an 
interlocking of the mechanism. 

8. In a crankshaft lapping machine as claimed 
in claim 1, the combination. With the parts and 
features therein specified, of a stepped plate, a 
displacement piston and cylinder to actuate said 
plate at the start of the lapping cycle by fluid 
exhausting successively from Said motors, a Sec 
ond stepped plate, and displacement piston and 
cylinder to actuate said Second plate during the 
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shifting of the control valve at the end of a lap 
ping cycle by fluid exhausting successively from 
the Opposed sides of Said motors to control the 
intermittent shifting of the control valve So as 
to interlock the actuation of the mechanisms 
during the stopping of the machine at the end of 
the lapping cycle. 

9. In a lapping machine as claimed in claim 1, 
the combination with the parts and features 
therein specified, of a displacement piston and 
cylinder, connections between said pistOn and 
said stepped plate, and fluid connections between 
all of said motors, said control valve and displace 
ment cylinder whereby the exhaust fluid from Said 
motors serves to actuate said stepped plate. 

10. In a lapping machine as claimed in claim 1, 
the combination with the parts and features 
therein specified, of a safety device including a 
stepped plate, a displacement piston and cylin 
der, connections between said piston and stepped 
plate, and fluid connections between all of Said 
motors, said control valve and displacement cylin 
der, whereby exhaust fluid from said motors 
serves to displace said piston and thereby actu 
ate the stepped plate, Said steps On the plate 
being arranged so that exhaust fluid from one or 
more of said motors serves to raise the plate Suffi 
ciently to facilitate a further continued move 
ment of the control valve. 

11. In a lapping machine having a plurality of 
lapping arms, a movable frame to support said 
arms, a clamping mechanism for clamping said 
arms relative to said frame, a rotatable Work 
support including a motor driven headstock and 
a footstock, means including a clutch to start said 
headstock, a plurality of fluid motors respectively 
connected to actuate said footstock, said frame, 
said lapping arms, said clamping mechanism 
and said headstock clutch, a control valve to 
control the admission to and exhaust of fluid 
from all of said motors, end chambers in Said 
control valve, a manually operable start and stop 
valve to admit fluid under pressure to either one 
or the other of said end chambers, an inde 
pendent throttle valve operatively connected in 
dependently to control the exhaust of fluid from 
each of said end chambers So as to control the 
speed of movement of the control valve in either 
direction, and a plurality of Spaced adjustable 
screws which are movable With said valve to ac 
tuate said throttle valves periodically to slow 
doWn the shifting movement of the control valve 
so as to allow sufficient time for Successive fluid 
motors to actuate their respective mechanisms 
before the control valve admits fluid under pres 
sure to successive motors. 
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