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~ larged scale, showing the arrangement of the

" 11 Claims.

This mventmn relates to abradmg machines,
and more partlcularly to a cam lapping machine.

‘One object of the invention is to provide a
simple and thoroughly practical lapping machine
for simultaneously lapping a plurality of cams.
A further object of the invention is to provide
an automatic cam lapping machine with a plu-
rality of lapping arms each of which is arranged
to lap a cam. Another object of the invention is
to prov1de a cam lapping machine with an auto-
matmally actuated abrasive paper feed which
continuously presents: a fresh abrading surface
during a lapping operation. -

A further object of the invention is to provide
a cam lapping machine in which the lapping arm

lapping arms, the master cams and the cams to
be lapped;
_Fig. 5 'is a fragmentary cross-sectional view,

‘on an enlarged scale, taken approximately on the
= line 5—5 of Fig. 1, showing the paper feeding:-

mechanism for the lapping arm and the lapping

" armreciprocating mechanism;

10

Fig. 6 is a similar fragmentary sectlonal view,
on an enlarged scale, taken approximately on the

i line 6—86 of Fig. 1 showing the locking mecha-

15,

is controlled by a master cam positioned in axial -
alignment with and rotatable with the cam being

lapped, thus eliminating the necessity for a syn-
. chronous. driving mechanism between the master
cam and the cam to be lapped. Another object
- of the invention is to provide a cam lapping ma-
chine having movable cam lapping arms the
movement of which is controlled by master cams
mounted on an arbor supportmg the cams to be
lapped.
A further object of the invention is to provide
a cam lapping machine with a lapping arm as-
sembly having g plurality of movable lapping arms
supported thereon which is movable toward and
from an operative position and which is arranged
to be automatically clamped in an operative po-
sition during a lapping operation. A further ob-
ject of the invention is to provide an automatically
operated hydraulic ¢lamping mechanism for lock-
ing the lapping arm assembly in an operative po-
sition during a lapping operation. Other ob-
jects will be in part obvious or in part pomted
out heremafter
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 in-
dicated in the following claims.

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

Fig. 1 is a front elevation of the 1mproved cam
lapping machine;

Fig. 2 is an end elevatlon on anh enlarged scale,
of the improved cam lapping machine;

Pig. 3 is a diagrammatical illustration of the

- electric wiring and control combined with the
hydraulic actuating mechanism; :
Fig, 4 is a fragmentary plan view, on an en-

20

nism for locking the lapping arm assembly in an
operative position; .

Fig. 7 is a fragmentary plan view, on an en-
larged scale, of the forward ends of atpair of
lapplng arms;

Fig. 8 is a fragmentary sectional view through
the work supporting table showing the work load-
ing cradle in end elevation;

Fig. 9 is o fragmentary front elevation, on an’

' enlarged scale, of one of the work cradles;

b 3]
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Fig. 10 is a fragmentary plan view, on-an en-
larged scale; of one set of the abrasive paper feed-
ing rollers; and i

Fig. 11 is-a fragmentary side elevation, on an

~ enlarged scale, showing the adjustable throw ec-

centric for actuating the abrasive la,ppmg paper
feed mechanism. :

A gam lapping machine has been  illustrated
in the'drawings comprising-a base 20 which sup-

- ports a longitudinally reciprocable work sup-

porting table 2I. = Anti-friction type table ways
(Fig. 5) are provided between the base 20 and the
table 2{ to facilitate free reciprocatory movement

~ 0f the table 21 relative to the base 20. The table
-~ 21 is provided with a rotatable work support com-

prising a headstock 22 and a footstock 23. The
headstock 22 is provided with a rotatable spindle
24 which is driven by an electric motor 25. . The
motor 25 is equipped with a built-up speed reduc-

¢ ing unit 28. A V-groove pulley 27 is provided on

the speed reduction unit 26 which is connected
by a multiple V-belt 28 with a multiple V-groove
pulley 29 which is mounted on the end of a ro-
tatable worm shaft 30. The worm 30 in turn

- meshes with a worm gear 31 which is fixedly sup-

ported on the headstock spindle 24. The head-
stock spindle 24 is provided with a work driving
head 35 which is arranged to engage and drive
the left-hand end of a work supporting arbor 386.
The work supporting arbor 36 is arranged to sup-
port -a plurality of cams 37 and 38 which are
formed integral with an annular ring-shaped
memper 39.° The member 39 is removably sup-
ported on a fixture 48 Whlch is ﬁxedly keyed to
the work arbor 36.
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In order to avoid the necessity of a synchro-
nized drive between the cam being lapped and
the master cam, it is preferable to provide a mas-
ter cam supported on the work supporting arbor
36 which is of the same size and shape as the cam 5
to be lapped. The work arbor 36 is provided with
a supporting plate 4f which is fermed integral
with a pair of master cams 42 and 43. The plate
A1 together with the master cams 42 and 43 are
identical with the cams previously described which 10
are to be lapped. The plate 41 is in turn sup-
ported on a similar fanged member on the arbor
36 which is fixed relative thereto.

A similar plate 40q is mounted on the other
end of the work arbor 36 and serves as a support 15
for an annular ring shaped member 3%z which
has formed integrally therewith cams 37Ta and 38a
to be lapped. A supporting flange 4!a is provided -
adjacent to the plate 40a on the work supporting
arbor 36. The plate 4ia serves as a support for 20

‘a pair of master cams 42a¢ and 43e¢ which are
identical in size and shape with the cams 3Ta and
38a to be lapped.

-The footstock 23 is provided with a footstock
center 44 which rotatably supports the right hand 25
end of the work arbor 36. The footstock center
44 is supported in one end of a rotatable spindle
45 which is journalled in bearings (not shown)
in a slidably mounted sleeve 46. The sleeve 48 is
slidably keyed within a cylindrically shaped aper- 30
ture formed within the footstock frame 23. The
footstock center 44 is preferably moved to and
from an operative position by a hydraulically
operated mechanism comprising a cylinder 47
which contains a slidably mounted piston 48. The 35
piston 48 is connected to one end -of a piston rod
49. The other end of the piston rod 49 is pivot-
ally connected to one end of a link §0 (Fig. 3).
The other end of the link 50 is pivotally connected
to one arm of & pivotally mounted bell crank lever 40
51. The bell crank lever 5l is pivotally supported
on a stud 52 and the other arm thereof is pivotally
connected by means of a stud 53 with one end of
a link 54. The other end of a link 54 is'connected .

by ‘a stud 55 with a slidably mounted sleeve 56 45

which is slidably supported within a cylindrical
bore within the sleeve -46. A compression spring
57 is connected by a stud 55 with a slidably
mounted sleeve 58 which is slidably supported
within a cylindrical bore within the sleeve 46. A
compression spring 57 is contained within. the
sleeve 56 and serves yieldably to maintain the
footstock center 44 in an operative position when
the bell crank lever 51 is swung to an operative

position. 5

Lapping arm assembly

It is desirable to provide a movable support for
a plurality of lapping arms so that they may be
simultaneously and quickly moved to and from 60
an operative position. A pair-of spaced arms 62
and 63 are mounted on a rock shaft 64 (Fig. 2)
which is supported in bearings on the rear of the
machine base 20. The arms 62 and 63 are inter-
connected by a pair of spaced horizontally ex- 65
tending bars 65 and 66 which serve as slide ways
for supporting lapping arm slides to be herein-
after described.

The lapping arm assembly supported by the
arms §2 and 63 is arranged so that it may auto- 70
matically move to and from an operative position
to facilitate loading of cams to be lapped into the
machine and removing them therefrom after a
lapping operation has been completed. In order
to move the entire lapping arm assembly to and 75

50

from an inoperative position, a fluid pressure
mechanism is provided comprising a fluid pres-
sure cylinder 68 which is pivotally connected by
means of a stud 69 which is fixedly mounted
within the base 20 of the machine. A piston 70
is slidably mounted within the cylinder 68 and is
connected to one end of a piston rod Tf. The
other end of piston rod 11 is connected by a stud
712 with an arm 73. The arm 73 is pivotally sup-
ported on a stud T4 within the base 20. The other
end of the arm 73 is connected by a stud 75 to one

"end of a link 76 which is in turn connected by a

stud 11 with a toggle lever 18, The adjacent ends
of the toggle lever 18 and a toggle lever 719 are
connected by means of a stud 80. The toggle
lever 78 is connected at its other end by means
of a stud 78 which is fixedly supported within the
base 29. The toggle lever 8l is connected by
means of a stud 82 with an arm 83 which is fixedly
mounted on the rock shaft 64 and is arranged to
rock the shaft 84 together with the arms 62 and
63 and the entire lapping arm assembly either to
or from an operative pesition.

The levers above described, as shown in full line
position in Fig. 2, are in a position to hold the
arm 83 together with the arms 62 and 63 and the
entire lapping arm assembly in an operative posi-
tion. When a lapping operation is completed

- fluid under pressure is admitted to a chamber in

the lower end of the cylinder 68 to cause the pis-
ton T80 to move upwardly (Fig. 2) so that the
piston rod 11 moves toward the right to shift the
levers 13, 76, 18, and 81 into the broken line posi-
tions, as indicated in Fig. 2 by the same numerals
with the suffix “a,” so .as to move the entire
lapping arm assembly to an inoperative position.

A pair of slides 80 and 91 (Fig, 4) are slidably
supported -on the bars 65 and 66. The slide 90
serves as a support for a plurality of lapping
arms 92, 92a, 92b, and 92c. The slide 91 serves
as the support for a plurality of lapping arms 924,
92¢, 92/, and 92¢g (Fig. 4).

Lapping arm reciprocalion

It is desirable to impart a reciprocatory move-
ment to the lapping arms during a lapping opera-
tion. A reciprocating mechanism is provided to
simultaneously reciprocate the slides 9% and 91
in opposite directions so as to impart a relative
reciprocatory movement between the lapping ele-
ment and the cams to be lapped. A motor driven
reciprocating mechanism is provided comprising
an electric motor 95 which is supported on a pla-

5 ten 96. The platen 96 is fixedly supported on the

rock shaft 64 and is arranged to move with the
arms 62 -and 63 to and from an operative posi-
tion. The motor 95 is provided with a V-groove
pulley 97 which is connected by a V-belt 98 with
V-groove pulley 99 which is mounted on the rear
end of a rotatable shaft 100. The shaft 100 is
rotatably journalled in bearings 101 and 102
which are carried by a bracket which is fixed
relative to the bars 65 and 66 (Fig. 5). The shaft
100 supports a pair of eccentrics 103 (only one of
which has heen illustrated in Fig. 3 of the draw-
ings) which are connected by connecting rods 104
and 105 with studs 106 and 407.- Studs 166 and
{07 are in turn supported by slides 90 and 91 re-
spectively. It will be readily apparent from the
foregoing disclosure that when the motor 95 is set
in motion, this motion will be transmitted through
the mechanism above described simultaneously to
reciprocate the slides 90 and 91 in opposite direc-
tions,
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Lappmy arms

La.ppmg arms 92, 92a, 92b, 920, 92d, 92e, 92f,

and 92¢ are substantially identical in constiuc-

tion, consequently they have not all been illus--

trated in detail. The lapping arm 92 (Fig. 6)
comprises a transversely movable slide 1{0 which
is slidably mounted. within a casing {{l. The
casing or frame [(I{ is provided with a .dove-
tailed slide surface which mates with a corre-
spondingly shaped dove-tailed way formed on
the upper surface of the slide 90. It will be
readily apparent from the construction as illus-
trated in Fig. 6 that each of the lapping arms
may be independently adjusted longitudinally

relative to the slides 90 and 8i respectlvely fo

position the lapping arm in a desired and pre-
determlned relationship with the master. cams
and cams to be lapped. A tension spring (13 is
provided which is connected at one end by means
of a stud 114 with the slide 110." The other end
of the spring 113 is connected by a stud 115 with
the frame {if. The tension of the spring ({3
normally serves to urge the slide {10 in a forward
direction so as to maintain the follower,.to be
hereinafter described, in operative engagement
with the face of the master cam during a lapping
operation. -The slide 110 is provided with a
vieldably mounted nose piece {16 which serves
as a support for a continuous strip of . abraswe
_ lapping paper. .

Abrasive paper-feed

A pair of upwardly extending brackets ({7 and
118 are fixedly mounted on the upper portions
of the arms 62 and 63 respectively, and serve as

10

15

25

30

35

a support for the abrasive lapping paper and the -

. . feeding mechanism thetefor.

An independent roll of contmuous flexible-ab-

rasive: paper (20, 120a, 1200, 120c, 120d; 120,
1207, and 120g is provided for each of the lapping
arms.
.. supported on a shaft 121 which is in turn sup-

ported by the upwardly extending brackets Ht

and 118 respectively (Figs. 1 and 6) .
As.shown in Fig. 6, a strip of abrasive paper

122 from the roll of paper 120 passes downwardly’

around the nose piece §16. After passing around
the nose piece 116 the abrasive paper passes
upwardly between a pair of knurled feed rolls
f23 and 124 which are rotatably supported on.s
pair of base parallel shafts 125 and 126 respec-
tively (Figs. 6 and 10).. The shaft 125 is fixedly
supported “at its opposite end in the upwardly
extending brackets {17 and (18 respectively. The
shaft 126 is adjustably mounted relative to the
shaft 125, A plurality of supporting brackets
127 and 128 are supported on the shaft 125 and

are clamped at their other end to a shaft 129.

Slidably mounted journalled blocks 130 and 131
are provided for supporting the shaft 126.. These
journals are slidably supported within the brack-
ets 127 and 128 respectively. Adjusting screws
{32 and 133 are provided on the brackets (21
and. 128 respectively by means of which the jour-
nal blocks 130 and ‘131 may be transversely. ad-
justed to vary the position of the feed roll .128
relative to the feed roll 123. The feed rollers
123 and 124 are geared together by means of

a pair of meshing gears 134 and 135 which are

fixedly mounted relative to the feed rollers 123
and 124 respectively.

It is desirable that the abrasive lapplng paper
be automatically fed during the lapping opera-
tion so that a uniform abrading surface is pro-

The rolls of abrasive paper are pivotally .

40

45

50

55

60

3

vided: during the entire lapping operation.  An
automatic feeding mechanism is provided com-~
prising a pivotally mounted arm 140 which is
supported ‘on-the shaft 126, An actuating pawl
141 is pivotally supported on the oscillatable arm
i40. The grm 140 is oscillated by a mechanism
to be hereinafter described. A pivotally mounted
holding pawl 142 is supported by a bracket 143
which is fixedly supported on the shaft 125, This
holding pawl .142 serves to prevent a counter-
clockwise rotation of the gear 135.

-An electrically - operated - mechanism is pro-
vided- for actuating the feed pawl (4f. This
mechanism .may comprise an electric motor 145
(Fig. 5) -which is provided with_an integrally
formed built-in speed reduction unit 146. -This
motor driven gear reduction unit:may be of any
of the.standard well known motor driven gear
reduction units such as for example the “Bodine”
reducer which is operatively connected to ro- -
tate a shaft 147. Shaft 14T is provided with an
adjustably mounted eccenfric 148. The eccen-
tric' 148 is connected to a connecting rod 149
and g stud 150 with a downwardly extending
arm 151 which is formed integral with the oscil-
latable arm 148. It will be readily apparent from
the foregoing disclosure that rotation of the mo-
tor 145 will be transmitted to the gear reduc-
tion unit 146 to rotate the shaft {47 and the
eccentric 148 to transmit an- oscillating move-
ment through: the connecting rod 149, to the
arm 151 and the arm 140 continuously to oscil-
late the feed pawl {41. The feed pawl 141 rides
idly.over the teeth on the gear 135 when the arm
140 is moved in a counterclockwise direction.
When the arm {40 is moved in a clockwise direc-
tion, the feed pawl (41 engaging the teeth of
the gear 135 rotates the gear in a clockwise di-
rection (Figs. 5 -and 6) to impart a feeding
movement to the abrasive lapping paper.

. After passing through the feed rolls 123 and

124 the worn out lapping paper is rolled up on

a-reel 152 which is supported on a shaft 153
(Figs. 5: and-6). ‘A ratchet wheel 154 is pro-
vided on the reel 152.. A holding pawl 155 serves
to prevent rotation of the reel 152 in.a. clock-

‘wise: direction.

A feed pawl 156 is pivotally mounted at the
right ‘hand end of a link 157 (Figs. 5 and 6).
The other end of the link {57 is connected by a
stud 158 with the upper end of the arm 140. A
tension spring 159 serves normally to hold the
ratchet pawl 156 in the position illustrated in
Pigs. 5 and 6. The tension of the spring 159 is
preferably sufficient to transmit the desired mo-
tion to the reel 152 so that the slack worn out
abrasive paper is wound up after which any fur-
ther motion of the arm {40 will cause the feed
pawl 156 to ride idly over the ratchet wheel 154,

Similar abrasive lapping paper feed rollers to-
gether with the automatic feeding mechanism -

-therefor are provided for each of the lapping

" arms 92, 92a, 92b, 92¢, 92d, 92e; 927, 92¢g. < These

65

70

75

feed rollers and wind up rollers are all actuated
in the same manner by independent pawl and
ratchet mechanisms all of which are actuated
and driven by the electric motor 145. Only one
of ‘these mechanisms has been illustrated in de-
tail as ,above described. Any one of .the feed-
mechanisms may be rendered inoperative as de--
sired by throwing the feed and wind up pawls
to an inoperative position:

As illustrated in Fig. 4 the work arbor 36 is
arranged to lap a pair of cams 37 and 38 at one
end of the arbor and a pair of cams 3Ta and 38a.




4 : 2,873,840

located af the other end of the arbor.
this lapping operation the lapping arms 920, 92c,
92d, 92e, are inoperative. A second arbor (not
shown) may be provided which may be loaded,
while arbor 36 is being lapped with cams posi-
tioned in operative relationship with the lapping
arms 92b, 92¢, 92d, and 92e for the second lapping
operation. ' It will thus be seen that the lapping
arms as provided are utilized only on every other
lapping operation in the set up illustrated in the
drawings. This arrangement is due primarily to
the design of the cam to.be lapped and the man-
ner in which they must be mounted and located
on the arbor for the lapping operation.

The nose piece | 16 (Fig: 7) is adjustably mount-
ed on the left hand side face of the lapping arm
92 and is arranged so that it may be adjusted
vertically and horizontally relative thereto. The
lapping arm 92 is provided with an off set bracket
160 which serves as. a: support for a master cam
roller 6} which. engages peripheral surface of
the master cam 42, -It will be readily apparent
from the foregoing disclosure that motion of the
master cam 42 which is mounted on the work
arbor:36 will be transmitted through the bracket
160 to impart a. controlled transverse movement
to the lapping arm 92 so-as to impart a corre-
sponding movement to the nose piece t16- which
supports the abrasive lapping paper 122.

The lapping arm' 92q is provided with an off
set nose piece 118a which is connected by a brack-
et 162 with the forward end of the lapping arm
92a. A bracket 163 is adjustably supported on
the side face of the lapping arm 92¢ and serves
as a support for a' master cam roller 164. The
bracket 163 is adjustably supported on the lap-
ping arm 92¢ so that it may be adjusted vertical-
ly and also horizontally relative thereto to facili-
tate timing the master cam follower with the
action of the nose piece 1| 16¢ during lapping: op-
eration.” It will be readily apparent from the
foregoing disclosure that the motion of the mas-
ter cam 43 will be imparted through the roller
164 and the bracket 163 to the lapping arm 92a
which in turn transmits a corresponding move-
ment through the bracket 162 to the nose piece
f16a to control the lapping action on the cam 38.

Fach of the pairs of lapping arms 82b, 92c,
92d, 92¢, 921, and 92¢ are similarly provided with
offset nose pieces and master cam rollers which
are designated by the same numerals suffixed
with theletters b, ¢, d, e, f and g.  These arrange-
ments are identical with that just described in
connection with the lapping arms 92 and 92a,
consequently it is deemed unnecessary to.describe
these several units in detail.

In order to overcome. the thrust of the master
cams and product cams against the lapping arm
assembly during a lapping operation, it is desir-
able to provide a suitable clamping mechanism
for clamping the lapping arm assembly in an

operative position. In the preferred form, a hy- -

draulically operated clamping mechanism is pro-
vided for clamping each of the arms 62 and 63
in an operative position. The clamping mecha-
nism- comprises a pair of spaced cylinders 170
and (71 which contain pistons 72 and 1713 re-
spectively. The pistons 172 and 173 are fixedly
connected to piston rods 14 and 115 respectively
(Fig. 3). The cylinder 110 is preferably pivotal-
ly supported by a stud 116 which is in turn fixed-
ly supported relative to: the base 20 (Fig. 6).
The other end of the piston rod 1714 is pivotally
connected by a stud 17T with the upper end of a.
pivotally mounted clamping member 178. . The

During ‘
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clamping member 118 .is pivotally supported by
a stud 179 which is fixed relative to the base 20
(Fig. 6). A link (80 is pivotally supported by
a stud §81 on the arm 63. The lower end of the
link 180 is.provided with a cylindrically shaped
member [8f{ which is arranged to mate with a
correspondingly shaped surface 182 formed on
a bracket 183, when the lapping arm assembly
is in an operative position (Fig.6). =~ -

The clamping device associated with the arm
62 and cylinder 71 is identical in construction
to-that just described, consequently it has not
been illustrated and described in detail.

After the lapping arm assembly is moved to
an operative position, fluid under pressure is ad-
mitted through a pipe {85 automatically to move
the pistons 172 and 113 to actuate both of the
clamping members {18 (only one of which has
been illustrated in Fig. 6) to clamp the lapping
arm assembly rigidly in an operative posztlon
1elat1ve to the base 20.

Hydraulic contr ols
A hydraulically operated control mechanism is

. provided for actuating and controlling the various

elements of the machine. A motor driven fluid
pressure pump 190 is provided for drawing fluid
through a pipe 191 from a reservoir §92 and pass-
ing fluid under pressure through a pipe 193 to a
start and stop valve 194 (Fig. 3). A relief valve
195 is provided to facilitate passing exhaust fluid
under pressure from the system directly to the
reservoir 192. The valve 185 is a standard ad-
justable pressure relief valve and consequently
has not been illustrated in detail. The start and
stop valve 194 is a piston type valve comprising a
valve stem 196 having a plurality of valve pistons
formed integrally therewith. In the position of
the valve 194 (Fig. 3) fluid under pressure passing
through the pipe 193 passes outwardly through
a pipe (9T into an end chamber 198 in a piston
type control valve 199, The valve 199 comprises
a valve stem 200 having a plurality of valve pistons
formed integrally therewith. = An end chamber
201 of the valve 199 is connected by a pipe 202
with the start and stop valve 194 and ag shown
in Fig. 3 is connected so as to exhaust fuid from
the chamber 201 through a passage 203 and a pipe
204 into the reservoir 192. Tt will be readily ap-
parent from the foregoing disclosure that the
start and stop valve 194 serves to control the ad-
mission of fluid under pressure to and from the
end chambers 198 and 201’ of the control valve
199 to shift the valve stem 200 either toward the
right (Pig. 3) into the position illustrated in the
drawings, at the end of the lapping cycle, or to
shift the valve stem 200 toward the left to initiate
2 lapping cycle. An adjustable valve 205 is pro-
vided in the pipe line 204 to facilitate controlling
the exhaust of fluid from the end chambers 198
and 201 of the control valve 199 so as to control
the rate of movement of the valve stem 200 when
it is moved in either direction.

The control valve 189 is operatively connected
to control the admission of fluid under pressure to
the cylinder 68 to cause a movement of the lapping
arm assembly to and from an operative position,
to the cylinder 47 to actuate the footstock center,
and also to the cylinders 170 and IT{ to actuate
the clamping mechanism to clamp the lappng
arm assembly in an operative position.

The control valve 199 is provided with valve
chambers 206, 207, and 208. 'The valve chamber
206 is connected by pipe 209 with a chamber 218
formed in the upper end of the cylinder 68. The
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-assembly ‘has beén . moved to an inoperatlve

chamber 207 of the valve (98 is connected by a
pipe 211 with a chamber 212 formed at the lower
end of the cylinder 68. A ‘combined check and
throttle valve 213 is provided in the pipe line 21 i
which is. arranged to. allow substantially unre-
stricted passage of fluid through the pipe 211
when fluid under pressure is admitted”to the cylin-
. der chamber 212 to cause the lapping arm as-
sembly to move rapidly to an inoperative position,
but is arranged so that a desired controlled rate
of movement may be obtained when the lapping
arm assembly is moved to an operative position.

Similarly the valve chamber 206 is connected
by a pipe 214 with a cylinder chamber 215 in the
footstock chamber 41, The valve chamber 207 is
connected by a pipe 218 with a cylinder chamber
211. It will be readily apparent from the fore-
going disclosure that the control valve 199 sérves
to contro]l admission to or exhaust of fluid from
the opposite ends of the cylmder 47 to actuate
the footstock center 45.
~ The valve chamber 206 is also connected by a

-pipe 185 with the cylinder chambers formed at
the right hand end of the:cylinder 110 and {71
(Fig. 3) to move the clamping members to. clamp
the lapping arm assembly in an operative position.
The valve chamber 207 is also connected by a pipe
186 with cylinder chambers formed at the left
hand ends of the cylinders 170 and 17¢ (Fig: 3).
It will be readily apparent from the foregoing dis-
closure that the valve 139 controls the admission
to and exhaust of fluid from the clamping cylin-
ders 170 and 171 respectively in timed relationship
with the other mechanisms of the machine.

The valve chamber 207 of the control valve 199
is connected by a pipe 218 with the fluid pres-
sure pump 190 so that fluid under pressure is
continuously admitted to the valve chamber 207.

Interlock

An interlock mechanism is provided which co-
operates with the movement of the control valve
199 to prevent movement of the lapping arm as-
sembly into an operative position before the foot-
stock center 45 is moved into operative engage-
ment to position a work piece to be lapped. ' This
mechanism comprises a flange 220 which is fixedly
mounted adjacent to the end of the valve stem
200. A spring pressed detent 221 normally lies in
the path of the flange 220. The detent 221 is con-
nected by means of a flexible cable 222 with the
bell crank lever 51. When fluid -under pressure
is passed into the cylinder chamber 215 of the
cylinder 4T to rock the bell crank lever 51 in a
clockwise direction to move the footstock ‘center
45 into an operative position, this. movement
moves the cable 222 to withdraw the detent 221
out of the path of the flange 220.
~ readily -apparent from the foregoing disclosure
that unless the footstock center 45 has moved into
an operative position, the valve stem 200 cannot
be shifted toward the lever a sufficient distance to
admit fluid under pressure through the pipe 209
to cause a downward movement of the piston 78
to move the lapping arm assembly into an opera,-
tive position.

- A similar spring pressed detent 223 is p10v1ded

which lies in the path of the flange 228 during a.

lapping operation. The detent 223 is connected
to a pivotally mounted bell crank lever 224 the
upper end of which is connected by a link 225
(Fig. 3) with the arm 63. .The detent 223 serves
to prevent movement of the flange 220 and the
valve 200 toward the right to prevent withdrawal
of the footstock center 45 before the lappmg arm
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pos1t1on. o
’ C'ontrol lever

A manually operable control Jever 230 is ﬁxedly .
mounted on the outer end of a rock shaft-23i. -
downwardly extending arm 232, mounhted on the

_inner ‘end of the rock- shaft 231, is: connected by

a stud to the upper end of & hnk 234.to.cause a
downward movement of the valve stem 96 wlrnch
shifts the valve pistons- of the Valve iJ4 down-
wardly so that fluid under pressure is passed from
the pressure line 193, through the pipe-202-into
the end chamber 201- of ‘the control valve 199 to
move. the valve toward ‘the left (Flg 3z e

The control lever 230 is prov1ded w1th a down-
wardly extending integral arm.282: wluch is-eon-
nected by a stud to one end of a link 235. —~The
link 235 is connected at its other: end-to-an arma.-
ture 236 of a pull-type soleno1d 231. When the
solenoid 231 is energized, it causes- the a,rmature
236 and the link 235 to- move. toward the- left
into the position illustrated in. F1g 3.. ThlS move-
ment shifts the arm 232 and. the control lever
230 in a- clockwise direction, ‘to stop ‘the: cycle
at the end of the lapping operatmn -The solenoid
237 is energized automatically, -as: will: be here- -
inafter described, to terminate the lapplng oper-
ation after a predetermmed t1me 1nterva.1 has
elapsed.

The arm 232 is pr0v1ded w1th an 1ntegra,1 down-
wardly extending prOJectlon 240 which -is:-ar-~
ranged to engage and move an actuating pluriger
24{ of a normally opén. limit switch 242 when the
control lever 280 is shifted in a counterclockwise
direction at the starting of & lapping cycle. .

A normally open limit switch 243 is positioned
in the path of movement of the arm 63 (Fig. 3).
When the lapping arm assembly moves toward
an operative position, the arm 63 engages and
closes the normally open limit switch 243..

A magnetic starter switch 250 is provided 10
control the starting and stopping of the forward
or normal lapping rotation of the headstock motor
25, A magnetic reverse switch 251 is operatively
connected  through a -motor. brake switch 252
(Figs. 1 and 3) to reverse the flow of electric
cuirent to the headstock motor 25 and through -
the motor brake switch 252 rapidly to stop the
motor after the desired time interval. - A similar
maghnetic starter switch 253 is provided for con-~
trolling the forward or.normal relation of the lap-
ping arm reciprocating motor 95 and a magnetic
reverse switch 254 is provided to control the re-
versal of current to the motor 85. A motor brake
switch 255 is operatively connected with the
motor 85 which serves rapidly to stop the rota-
tion of the motor 95 when it is desired:to stop
the reciprocating movement of the laipping arm
assembly.

In order automatically to control the lappmg
cycle g pair of electrical time delay relays 269 and
261 are provided. These: relays are shown dia-
grammatically in Fig. 3 and may be of any stand-
ard commercial instantaneous reset timers which
are in common use in the machine tool field. - As
illustrated in Fig. 3 a relay known commercially
as “Microflex” Instantanecus Reset Timer, manu-
factured by the Eagle Signal Corporatlon may
be employed. The electric timer 280 is so con-
nected in the electric system that when the con-
trol lever 2380 is shifted in a counterclockwise
dlrection to start.a lapping cyc]e, the valve stem

under pressure to the pipe 197 to eause 'thAe valve
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stem 200 to move .toward the left (Fig. 3) at:the
same time the normally open limit switch 242 is
closed. During the initial shifting movement of
the valve stem 200, fluid is admitted through the
pipe 214 into the cylinder chamber 215 to actuate
the footstock center 45 and move in into an 'oper-
ative position in supporting engagement with the
work supporting arbor 36 after which fluid under
pressure is-admitted to the cylinder chamber 210
of the cylinder-68 to cause a movement of the
lapping arm -assembly toward an operative posi-
tion. - During the movement of the lapping arm
assembly, the switch 243 is closed. The switch
243 is connected in series with the limit-switch
242 so that when both of these switches are-closed,
the circuit is completed and the electric’ starter
switch 250 operates to start the headstock motor
26 and at the same time sets the time relay 260
in motion to energize the starter switch 253 and
start the motor 95 to reciprocate the lappmg arms
during a lapping operation. -

The magnetic starter switch 253 is actuated to
start the electrical motor {45 which in turn serves
in a manner above described to continuously feed
abrasive paper during a lapping operation. The
electrical motor 145 is connected with the time
relay 260 so that after a predetermined initial
lapping operation has taken place, the relay 260
operates to stop the motor 95 to stop the lapping
arm reciprocation and also to stop the motor 145
so as to stop the continuous feed of the abrasive
lapping paper for a final lapping operation.

Operation

‘The operation of this improved lapping ma-
chine will be readily apparent from the fore-
going disclosure. Two sets of work pieces to be
lapped are clamped in position on the work sup-
porting arbor 36 which is placed in a rotating
position on a pair of spaced work arbor support-
ing cradles after which the work arbor 24 is
rolled into position with its axis in alignment
with the-axis of the headstock spindle 24 and
the footstock center 45.  The motor driven fluid
pump 190 is then set in motion. - When itis de-
sired to start g lapping cycle; the ‘control lever
230 is shifted manually in a counterclockwise
directicn (Figs. 1 and 3) to shift the start and
stop valve 194 to a starting or downward posi-
tion which admits fluid under pressure through
the pipe 181 to cause the control valve 198 to
move toward the left to initiate a lapping cycle.
The shifting of the control valve 199 toward the
left serves first to admit fluid through the pipe
2{4 to actuate the footstock center 4% so as to
move it into operative supporting engagement
with the work arbor 36 after which fluid is ad-
mitted through the pipe 209 to ‘the cylinder 68
to move the lapping arm assembly to an opera-
tive position. Continued movement of the valve
199 toward the left serves to admit fluid under
pressure through the pipe (85 automatically to
actuate the clamping mechanism to clamp the
lapping arm assembly in an operative position.

The movement of the control lever 230 to a
starting position serves to close the normally
open limit switch 242 and the movement of the
lapping arm assembly sérves to close the nor-
mally open limit switch 243 which closes a series
circuit to start the work drive motor 25 and at
the same time sets the time relay 260 in motion
and to start the motor 95 to impart a reciprocat-
ing movement to the pair of slides 90 and 91.
This movement imparts a simultaneous recip-

rocatory movement in opposite directions to the
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slides 90 and 81, so as toimpart a relative recip-
rocating movement to the lapping arms. At the
same time the motor 85 is'started, the motor {45
is started to impart a continuous feeding move-
ment to the abrasive lapping paper. The lapping
operation proceeds for a predetermined time in-
terval as governed by the time relay 260. After
a predetermined time interval has elapsed, the
relay 260 serves to simultaneously stop the mo-
tors 95 and 145 thus stopping the reciprocation
of the lapping arms and at the same time stop-
ping the continuous feed of the abrasive lapping
paper after a predetermined initial lapping has
been completed. The lapping -operation con-
tinues for a final or finish lapping operation.
When the relay 280 is -actuated after the initial
lapping operation has been completed, it serves
to set in motion the second time delay relay 251
which governs the extent of the final or finish
lapping coperation.  After a predetermined final
or finish lapping operation during which time
the abrasive lapping paper is held stationary
and the lapping arms are not reciprocated, the
time relay 261 operates to energize the solenoid
23T to shift the contrel lever 238 in g counter-
clockwise direction into the position illustrated
in Pig. 3 to initiate a movement of the electric

"and hydraulic controls. The start and stop valve

194 is moved upwardly into the position shown’
in Fig. 3 which serves to admit fluid under pres-
sure through pipe {97 into the end chamber {98
s0 as to move the valve stem 200 toward the
right into the position illustrated in Fig. 3 dur-
ing which time fluid under pressure is admitted
through the pipe 186 to release the hydraulic
clamping mechanism after which the lapping
arm assembly is moved to an inoperative posi-
tion. Movement of the lapping arm assembly to
an inoperative position serves to open the limit
switch 243 as previously described. The fluid
under pressure is then admitted to the footstock
cylinder chamber 217 to withdraw the footstock
center 45, and the work arbor 36 may then be
removed from the machine and the next work
arbor placed in position for the necessary lap-
ping operation.

It will be readily apparent from the foregoing
disclosure that the predetermined or initial lap-
ping operation may be automatically controlled
by the setting of the time relay 260 and the dura-
tion of the final or finish lapping operation may
be readily controlled by manipulation of the time
relay 26{, thus providing a. readily controlled
automatic cycle of operation, it being only neces-
sary for the operator to initiate- the -cycle by
shifting the main control lever 230 in a counter-
clockwise direction.

It will thus be seen that there has been pro-

* vided by this invention apparatus in which the
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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 matters hereinabove set forth or shown in the
accompanying - disclosure are to be interpreted
as illustrative and not in a 11m1tmg sense.

We claim:

1. In a cam lapping machine having a base,
a rotatable work support including a headstock
and a footstock, a work arbor supported by said
headstock -and footstock for supporting a cam
to be lapped, a movably mounted support-on said
base, a slidably mounted cam lapping .arm on
said support, a lapping element on said arm, a
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'rotatable follower rollér on said arm, and a mas-
ter cam on said arbor ‘adjacent to the cam to be
lapped which cooperates with- said . follower to
. impart a -controlled sliding movement to  said
lappinig” arm- and said element to maintain said
lapping element continuously in lapping engage-
ment with the face of said cam during a lapping
operation. ’

2/In ‘a cam lapping machme having a rotat-
-able work support including a headstock and a
footstock, a work arbor supported  thereby for
supporting a cam to be lapped, a slidable cam

. lapping arm, a yieldably thounted nose piece on.
said arm, a lapping element including a con-

tinuous strip of abrasive paper on said arm, a
rotatable follower roller on said arm, and a mas-
ter cam supported on said work arbor adjacent
to said cam to be lapped to impart a controlled
sliding movement to said arm during a lapping
operation.

3. In a cam lapping machine havmg a base, a
rotatable work support for supporting and rotat-
ing a cam to be lapped; a movable support on
said base, a movable cam lapping arm on said
support having a lapping element, a follower on
said arm, a master cam for controlling the move-
ment of said follower and arm, means to move said
support to and from an operative position, and
independent means. to clamp said support in an
operative position during a lapping operation.

4. In a cam lapping machine having a base, a
rotatable work support for supporting and rotat-
ing a cam to be lapped, a movable support on
said base, g slidably mounted cam lapping arm
on said support, a lapping element on said arm,
a follower on said arm, a master cam to impart
a controlled movement to said arm during g lap-
pihg operation, means including a piston and
cylinder to move said support and lapping arm
to and from an operative position, and means in-
cluding a fluid pressure actuated clamp to clamp
said support in an operative position.

5. In a cam lapping machine having a base, a
rotatable work support for supporting and rotat-
ing a cam to be lapped, a pivotally mounted frame
supported on said base, a slidably mounted lap-
ping arm on said frame, a lapping element on
said arm, a follower on said arm, a master cam
which is arranged to impart a controlled move-
‘ment to said arm during a lapping operation,
means to swing said frame to and from an op-~
erative position, and independent means to clamp
said frame in an operative position relative to said
base during a lapping operation.

6. In a cam lapping machine having a base, &
rotatable work support for supporting and rotat-
ing a cam to be lapped, a pivotally mounted frame
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ton and cylinder to move said frame and lapping
arm to.and from an operative position, a piston
and: cylinder.- actuated - clamping mechanism to
lock said frame in an operative position during a
lapping operation, and a control valve which is
arranged successively to admit fluid to said cylin-
der for moving said frame and thereafter to said .
clamp actuating cylinder.

8. In a-cam lapping machine havmg a base a
rotatable work support including a headstock and
footstock for rotatably supporting a plurality of
cams to be lapped, a pivotally mounted frame,
a plurality of slidably mounted lapping arms on
said frame, g lapping element on each of said
arms, a follower on each of said arms, a master
cam to impart a controlled movement through
said follower to said arm, a clamping mechanism
to clamp the frame in an operative position,
means including a piston and cylinder to actuate
said footstock, means including a piston and
cylinder to move said frame and lapping arms
to and from an operative position, and means in-
cluding a piston and cylinder to actuate said
clamp. .

9. In a cam lapping machine having a base, a
rotatable work support including g headstock and
footstock for rotatably supporting a plurality of
cams to be lapped, a pivotally mounted frame, a
plurality of slidably mounted lapping arms on
said frame, a lapping element on each of said
arms, a follower on each of said arms, a master
cam to impart g confrolled movement through
said follower to said arm, g clamping mechanism
to clamp the frame in an operative position,:
means including a piston and cylinder to actuate
said footstock, means including a piston and cyl-
inder to move said frame and lapping arms to
and from an operative position, means including
g piston and cylinder to actuate said clamp, and
a.control valve which is arranged successively to

--admit fuid under pressure to said footstock cyl-
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on said base, a slidably mounted lapping arm on -

said frame, a lapping element on said arm, a
follower on said arm, a master cam to impart a
controlled movement through said follower to
said arm during a lapping operation, means in-
cluding a piston and cylinder to swing said frame
to and from an operative position, and means in-
cluding a piston and cylinder actuated clamp to
lock said frame in-an operative position during a
lapping operation.

7. In a cam lapping. machine having a.base, a
rotatable work support. for supporting and rotat-
ing a cam. to be lapped, a pivotally mounted
frame, a slidebly mounted lapping arm on said
frame, a lapping element on said arm, a follower
on said arm, a master cam to impart a controlled
movement through said follower to said arm dur-
ing a lapping operation, means including a pis-
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inder, said frame cylinder, and said clamping
cylinder.

10. In a cam lapping machine having a base, a
rotatable work support including a headstock and
footstock for rotatably supporting a plurality of
cams to be lapped, a pivotally mounted frame, a
plurality of slidably mounted lapping arms on
said frame, a lapping element on each of said
arms, a follower on each of said arms, & master
cam to impart a controlled movement through
said follower to said arm, g clamping mechanism .
to clamp the frame in an operative position,
means including a piston and cylinder to actuate
said footstock, means including a piston and cyl-
inder to move said frame and lapping arms to and
from an operative positionh, means including a
piston and cylinder to actuate said clamp, g con-
trol valve which is arranged successively to admit
fluid under pressure to said footstock cylinder,
said frame cylinder, and said clamping cylinder,
and a manually operated start and stop valve to
control the actuation of said control valve to
initiate a lapping operation.

11. In a cam lapping machine having a base,
a rotatable work support including a headstock
and footstock for rotatably supporting a plurality
of cams to be lapped, a pivotally mounted frame,
a plurality of slidably mounted lapping arms on
said frame, a lapping element on each of said
arms, a follower on each of said arms, a master
cam to impart a controlled movement through
said follower to said arm, a clamping mechanism
to clamp the frame in an operative position,
means including a piston and cylinder to actuate
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said footstock, means including a piston and cyl-
inder to move said frame and lapping arms to
and from an operative position, means including
a piston and cylinder to actuate said clamp, a
control valve which is arranged successively to
admit fluid under pressure tosaid footstock cyl-
inder, said frame cylinder, and said clamping
cylinder, a start and stop valve to control the

admission of fluid to the-end chambers in said
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control valve, manually operable means to shift
said start and stop valve to initiate a lapping
cycle, and an automatically actuated mechanism
to shift said start and stop valve after a prede-
termined lapping operation has been completed
to terminate the lapping cycle. .

HERBERT 8. INDGE.
CHARLES W. LUND.



