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LAPPNG MACHINE 

Kenneth L. Lindquist, Holden, Mass., assignor to Norton 
Company, Worcester, Mass, a corporation of Mas 
Sachasefits: 

Application July 13, 1955, Serial No. 521,804 
2 Caimas, (C. 51-131) 

The invention relates to lapping machines, and more 
particularly to a single wheel lapping machine for lap 
ping a plane surface on a plurality of work pieces. 
One object of the invention is to provide a simple 

and thoroughly practical lapping machine. Another ob 
ject is to provide a single wheel lapping machine having. a 
plane operative faced lap for simultaneously lapping. a 
plurality of plane-faced work pieces. Another object 
is to provide a lapping machine in which the work carry 
ing cage may be separated from the lap by means of a 
hydraulically operated mechanism. Another object of 
the invention is to provide a pressure actuated mechanism 
for applying pressure independently to each of the work 
pieces to produce the desired lapping action. Another 
object of the invention is to provide a fluid pressure 
operated mechanism for supplying pressure independently 
to each workpiece during a lapping operation which is 
automatically moved to an inoperative position tofacili 
tate loading work pieces into the machine when a finish 
lapped workpiece has moved to a loading station. Other 
objects will be in part obvious or in part pointed out here 
inafter. 

In the accompanying drawings, in which is shown one 
of various possible embodiments of the mechanical fea-. 
tures of this invention, 

Fig. 1 is a front elevation of the lapping machinehav 
ing parts broken away, and shown in section; 

Eig.2 is a plan.view of the lapping machine; 
Fig. 3 is a hydraulic diagram showing the hydraulic lift. 

for the work.cage; 
Fig. 4 is a fragmentary vertical sectional view through 

the rotary control valve for controlling the work pres 
Sure devices; and 

Fig. 5 is a fragmentary sectional view, on an enlarged 
scale: taken approximately on the line. 5-5 of Fig. 4, 
having parts of the rotary control valve broken away, com 
bined with a piping diagram showing the air pressure 
system for supplying lapping pressure. 
Alapping machine has been illustrated in the draw: 

ings comprising a base: 10 which supports a relatively 
large; diameter plane-faced lapping wheel. 11. The lap 
ping wheel 1 is mounted on a plate 12 which is in turn 
fixedly mounted on: a spider 13, The spider 13 is keyed. 
onto the upper end of a vertically arranged rotatable 
shaft:14, which is journalled in spaced bearings' 15 and 
16 supported by the base 10. The lapping wheel 11 is 
provided with a plane operative face; 17 for lapping a 
single plane: face on a plurality of work pieces. 
A driving mechanism is provided for imparting aro 

tary motion to the lapping wheel 11 comprising an elec 
tric: motor. 20' which is adjustably mounted on a pro 
jecting portion of the base. 10. The motor 20 is provided 
with; amotorshaft.21 having asprocket 22 which is conº. 
nected, by a link chain 23 with a sprocket:24. The sprock 
et:24 is fixedly mounted on a rotatable: shaft 25 which is. 
journalled inseparate bearings 26 and 27 fixedly mounted 
on the bases 10; The shaft: 25, is provided with a sprocket 
28whichiisi connected by a link chain 29 with a sprocket. 
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30. mounted on a rotatable shaft 31. The shaft. 31...is 
journalled in a plurality of spaced bearings. 32, 33 and 
34 which are fixedly mounted relative to the base 10. 
The shaft 31 is provided with a worm 35 which meshes. 
with a worm gear 36 which is fixedly mounted on the lower. 
end of the vertical shaft 14. The reduction drive mecha 
nism above described serves to impart a relatively slow ro 
tary motion to the lapping wheel 11, such as, for ex 
ample 60 to 70 R. P. M. It will be readily apparent 
from the foregoing disclosure that when the motor. 20 is 
started, a rotary motion will be transmitted through the 
mechanism above described to impart a rotary motion. 
to the lapping wheel i. 
The base 0 is provided with a fixedly mounted vertical 

'column 40 which supports a vertically. arranged shaft. 
41. The shaft 4; supports the right hand end of a cross 
arm 42. Due to the size of the machine, it is desirable. 
to provide a support for the outer end of the arm 42 
by means of an extension 42a to prevent deflection thereof, 
during a lapping operation. The right hand end of the 
arm extension 42a is fixedly mounted on the left hand 
end of the arm 42. A vertically arranged shaft or rod 
43 is supported at its lower, end by a bracket 44 fixedly. 
mounted on the base 10. The upper end of the shaft, 41. 
is provided with a threaded portion 45 which passes 
through a clearance hole 46 at the cross arm extension 42a. 
A pair of nuts 47 and 48 are threaded onto the portion. 
45 and serve to vertically adjust the left hand end of 
the cross arm extension 42a and to lock the same in ad 
justed position. 
The cross arm 42 serves as a support for a vertically 

movable plate 59. The plate 50 is keyed onto the lower 
end of a vertically arranged spindle St which is in turn 
rotatably supported within a sleeve or quill 52. The 
quill 52 is provided with a pair of spaced bearings 53 
and 54 for rotatably supporting the spindle 51. The quill 
52 is slidably keyed within a cylindrical aperture 49 
formed in the cross arm 42 so that it may be moved in a 
vertical direction relative thereto. The plate 50 serves 
as a driving mechanism for a work cage to be herein 
after described and also as a support for pressure devices. 
for applying pressure to the work piece during a lapping 
operation. 
A driving mechanism is provided for the plate 50 com 

prising a motor 55 which is formed as an integral partir 
of a variable speed driving unit 56, such as for example, a 
Graham integral motor variable speed transmission. The 
variable speed unit drives a pulley 57 which is serrated on 
its periphery to drive a cog belt 58, such as a Gilmer 
timing belt. The timing belt 58 drives a pulley 59 which 
is formed integral with a rotatable sleeve 6. The sleeve 
60 is rotatably journalled in spaced anti-friction bear 
ings 61, only one of which has been illustrated, which 
are carried by the arm 42. The upper end on spindle Si 
is slidably keyed within a central aperture in the sleeve 
60. So that when the motor 55 is started a rotary motion 
will be imparted through the mechanism above described 
to rotate the plate 59. 
A positive stop mechanism is provided to limit the 

downward movement of the sleeve 52, spindle 5, and 
plate 56 to facilitate positioning a work carrying and driv 
ing cage 69 into the desired relationship with the opera 
tive face of the lapping wheel. 11. An adjustable stop 
collar 72 is threaded onto a threaded portion 73 on the: 
sleeve 52. The collar 72 is arranged to engage a stop. 
surface 74 formed integral with the arm 42 so as to limit 
the downward movement of the sleeve and the parts asso 
ciated therewith. 
The plate 59 is provided with a plurality of adjustably 

positioned studs 65, 66, 67 and 68 the lower ends of which, 
are connected to the work cage 69. When the plate 50is. 
in a downward or operative position, the studs: 65-66-67. 



3 
and 68 may be adjusted so as to position the work cage 
69 relative to the lapping wheel i. The studs 65, 65, 
67, and 68 serve also to impart a rotary motion to the 
work cage 69. " The work cage 69 is provided with a plu 
rality of spaced work receiving apertures 70, 7&a, 735, 7)c, 
70d, 7te, 70f and 70g for positioning work pieces 71, 7a, 
71b, 71c, 7{d, 71e, 7íf and 7íg to be lapped. The mo 
tor 55 and the variable speed unit 55 serve to in part a 
slow rotary motion to the plate 50 and the work cage 69 
at speeds ranging from zero to 3 R. P. M. defending up in 
the lapping operation to be performed. Aªs: iliustrate i in 
the drawings eight work receiving apertures are provided. 
For different types and sizes of work, the number and size 
of cage apertures may be varied, that is, if Sinaler work 
pieces are to be apped smaller sized apertures are re 
quired and, therefore, more apertures may be provided in 
the cage 69. 
The axis of the spindle 5 is offset relative to the axis of 

the spindle 14 (Fig. 2) so that as the work pieces are re 
volved on the operative face 7 cf the lapping wheel i, 
they travel from the outer periphery of the lapping sur 
face to the inner surface and then again to the cuter Sur 
face thereby equalizing the lapping action and producing 
an even wearing of the lapping wheel due to the lapping 
operation. 

It is desirable to provide a suitable power, operated lift 
ing mechanism to raise and lower the plate 50 together 
with the spindle 51 and the work cage 69 to and from an 
operative position. This mechanism is preferably a fluid 
pressure operated mechanism comprising a pair of dia 
metrically opposed fluid pressure cylinders 75 and 76 
which are arranged on diametrically opposite sides of the 
spindle 5 so as to equalize the pressure exerted upon the 
plate 50. The cylinders 75 and 76 are supported in fixed 
position relative to the cross arm 42. The cylinders 75 
and 76 contain slidably mounted pistons 77 and 78 which 
are connected to the lower ends of a pair of pisten rods 
79 and 80 respectively. The upper ends of the piston rods 
79 and 80 are fixedly connected to a flange plate 81 car 
ried by the upper end of the sleeve or quill 52. 
A fluid pressure system is provided for supplying fluid 

under pressure for the lift mechanism comprising a motor 
driven fluid pump 82 which draws fluid through a pipe 83 
from a fluid reservoir 84 and forces fluid under pressure 
through a pipe 85. An adjustable pressure relief valve 
86 is provided in the pipe line 85 to facilitate passing ex 
cess fluid under pressure directly to the reservoir 84. By 
adjustment of the relief valve 86, the desired operating 
pressure may be maintained within the fluid system. 
A manually operable control valve 87 is provided for 

controlling the admission to and exhaust of fluid fron: the 
cylinders 75 and 76. The control valve 87 is preferably 
a piston type valve having a valve stem 88 formed with a 
plurality of spaced integral valve pistons which form a 
pair of Siaced valve chambers 89 and 90. 

In the position of the waive 87 (Fig. 3) fluid under pres 
sure passing through the pipe 85 passes through a valve 
chamber 93, through a pipe 91 into a pair of cylinder 
chambers 92 and 93 formed in the upper ends of cylinders 
75 and 76 respectively. Fluid under pressure entering 
the valve chambers 92 and S3 serves to cause a downward 
novernent of the pistoris 77 and 73 to nove the quill 52 
cgether with the spindle 5 and the plate 58 and the work 

carrying cage 69 downwardly into an operative position. 
During the dowaward movement of the pistons 77 and 78, 
iitii within cylinder chambers 94 and 95 exhausts through 
a pipe 96, through the valve chamber 89 and through an 
exhaust pipe 97 into the reservoir 84. 
A manually operabie mechanism is provided for actuat 

ing the contro! vaive 87 comprising a manually operable 
ever 98 which is motinted on a rock shaft. 99 carried by 
the cross airin 42. A shortarin (0 is also fixedly mounted 
on the rock shaft, $9. The left hand end of the arn 199 
is connected by a stud 10 with the valve stem 88. When 
it is desired to move the plate 50 and the work cage 69 up 
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wardly to an inoperative position, the control lever 98 is 
rocked in a clockwise direction to shift the valve stem 88 
upwardly (Fig. 3) so that fluid under pressure from the 
pipe 85 passes through the valve chamber 89 and through 
the pipe 96 into the cylinder chambers 94 and 95 to cause 
an upward movement of the pistons 77 and 78 So as to 
move the quill 52 together with the spindle 5i and the 
plate 50 upwardly into an inoperative position. During 
the upward movement of the pistons 77 and 78, fluid with 
in the cylinder chambers 92 and 93 respectively exhausts 
through the pipe 9A, through the valve chamber 90 and 
through the pipe 97 into the reservoir 84. It will be ap 
parent from the foregoing disclosure that by manipulation 
of the control lever 98 the plate 50 may be raised and 
owered as desired. 

in order to obtain the desired lapping pressure of the 
work piece 71 upon the operative face of the lapping wheel 
17, a plurality of independent air or fluid pressure op 
erated mechanisms are provided, one for each work aper 
ture in the work cage 69. As illustrated in the drawings 
a plurality of air cylinders 110, 110a, 110b, 110c, 110d, 
110e, 110f and 10g are provided which are fixedly 
mounted on the plate 50. These cylinders are arranged 
with their axes aligned with the centers of the work re 
ceiving apertures 70 in the cage 69. The cylinders 110, 
110a, 110b, 110c, 110d, 110e, 110f and 110g are each 
provided with a piston 111,111a, 111b, 111c, 111d, 111e, 
Alf and 111g respectively which are fastened to the upper 

end of piston rods 112, 112a, 112b, 112c, 112d, 112e, 
112f and 112g respectively. Plates 113b, 113c, 113e, and 
113f are fixedly mounted at the lower end of each of the 
piston rods. Each of the plates 13b, 113c, 113e, and 
3f are yieldably connected by a plurality of studs with 

work engaging plates 116b, 116c, 116e, and 116f respec 
tively which are arranged to engage the upper surface of 
the work pieces 71b, 7c, 71e and 71f. Compression 
springs 115b, 115c, 115e, and 115f surround the studs 114 
and are interposed between the plates 113b, 113c, 113e, 
and 113f and work engaging plates 116b, 116c, 116e and 
ii.6.f so that when the pistons are moved downwardly to 
move the work engaging plates 116b, 116c, 116e and 116f 
into operative engagement with the work pieces 71b, 71c, 
71e and 71f, the springs 115b, 115c, 115e, and 115f com 
press to yieldingly maintain the plates 116b, 116c, 116e 
and 116f in engagement with the work pieces during a 
lapping operation. 

In order to facilitate semi-automatic operation of the 
machine, the work engaging plates 116b, 116c, 116d, 
116e and 116f together with the associated parts are ar 
ranged so that as they approach a loading position, the 
pistons, are raised automatically to lift the plates 116b, 
116c, 116d, 116e and 116f vertically to facilitate removal 
of the finish lapped work piece and the insertion of a 
new work piece thereinstead. 
The automatic actuation of the work engaging plates 

is preferably controlled by a rotary valve 120 which is 
operatively connected to automatically control the ad 
mission to and exhaust of air or fluid from the cylinders 
110, 110a, 110b, 110c, 110d, 110e, 110f and 110g. The 
rotary valve 120 comprises an upper stationary valve 
member 121 which is fixedly mounted on the lower end 
of the quill or sleeve 52. A lower member 122 of the 
valve 120 is keyed to the spindle 51 and rotates there 
with. A disc 119 of a resinoid material such as Formica 
impregnated with molysulfide is fixedly mounted on the 
upper surface of the member 122 of the valve 120 and 
serves to provide a bearing surface between the upper 
stationary valve member 121 and the lower rotary mem 
ber 122 of the valve 120. In order to adjust the pressure 
between the valve members 122 and 121 of the valve 120, 
a plurality of compression springs 123 are provided, each 
of which is supported by a stud 124. The studs 124 slide 
within holes. 125 formed in the lower member 122 of the 
valve 120. The heads of the studs 124 bear against the 
upper surface of a collar 126 which is screw threaded 
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onto a threaded portion 127 of the spindle 51; It will be 
readily apparent from the foregoing disclosure that by 
adjustment of the collar 125 the compression of the 
springs 123 may be varied as desired so as to vary the . 
pressure between the valve members 122 and 121. 
The lower surface of the upper member 121 of the 

valve" 120 is provided with a plurality of arcuate-shaped 
grooves or valve chambers comprising a pressure cham 
ber 130; an exhaust chamber 131 a pressure'chamber 132 
and an exhaust chamber 133: The pressure chamber 132 
and exhaust chamber 133 serve to control the flow of air 
under pressure to the cylinders as they pass through an 
unloading station: automatically to raise the pistons 111, 
111a, 111b, 111c, 111d,...111e, 111f, and 111g: thereby 
raising the work engaging plates 116bs116c, 116d, 116e, 
and 116ffrom the workpieces. 71 to facilitate removal of 
a lapped-piece of work and the insertion of a new piece 
of work to be lapped thereinstead. The pressure cham 
ber 130 and exhaust chamber 131 serve to control the 
flow of air under pressure to the cylinders 110 to main 
tain a predetermined pressure between the work being 
apped and the lapping wheel 11 during the lapping cycle. 
Fluid under pressure, such as, air under pressure or fluid 
under pressure may be utilized for actuating the pistons 
111, 11a, 111b, 111c, 111d, 111e, 111f, and 111g. As 
illustrated in the drawings air under pressure may be 
supplied from any suitable source through a pipe 135 
which conveys pressure to the pressure chambers 130 
and 132 of the valve member 121. An exhaust pipe 136 
is connected to allow air to exhaust from exhaust cham 
bers 131 and 133. A pressure regulating valve 137 is 
provided to facilitate regulating the air under pressure 
passing from the pipe 135 into the pressure chambers 130 
and 132. It will be readily apparent from the foregoing 
that by manipulation of the pressure regulating valve 
137, the pressure of the work pieces 71 against the op 
erative face 17 of the lapping wheel 11 may be readily 
varied as desired to obtain a predetermined lapping ac 
tion. 
As above described the cylinders 110, 110a, 110b, 10c, 

110d, 110e, 110f and 110g are fixedly mounted on the 
plate 50 which is rotated by the spindle 51 together with 
the work cage 69. A plurality of pipes 146,146a, 146b, 
146c, 146d, 146e, 146f and 146g are connected between 
the lower ends of the cylinders 110, 110a, 110b, 110c, 
110d., 110e, 110f and 110g respectively and the rotary 
valve 120. A plurality of pipes 147, 147a, 147b, 147c, 
147d, 147e, 147f, and 147g are connected between the 
upper ends of the cylinders 110, 110a, 110b, 110c, 110d, 
110e, 110f and 110g respectively and the rotary valve 
120. As the cylinders 110, 110a, 110b, 110c, and 110d, 
110e, 110f and 110g approach the position 110 (Figs. 
2 and 3), as soon as the port 145 at the end of the pipe 
146 is uncovered due to the rotary motion of the lower 
valve member 122 air or fluid is passed through the pipe 
146 into the lower end of cylinder 110 to raise the piston 
111 thereby moving one of the plates together with one 
of the work engaging plates upwardly to an inoperative 
position so that the lapped work piece 71 may be re 
moved from the cage 69 and replaced with a new work 
piece to be lapped. Fluid within the upper end of the 
cylinder 110 may exhaust through the pipe 147 into the 
exhaust chamber 133 and out through the exhaust pipe 
136. 
As the work cage 69 together with the plate 50 rotate 

in a counter-clockwise direction so that cylinder 110 ap 
proaches the position of 110a, the flow of fluid under 
pressure to the cylinder 110 is reversed so that the piston 
111 moves downwardly to position one of the Work en 
gaging plates in operative engagement with the Work 
piece to be lapped at the desired pressure. The Work 
piece remains under the desired lapping pressure until the 
cylinder 110 moves through the position 110g illustrated 
in Fig. 3 at which time the work piece has been lapped 
to the desired extent and the parts are raised to facil 
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itate a-loading operation. As illustrated in the drawings 
eight cage apertures: 70: are provided in the cage 69 soi 
that while one work-piece is passing through the loading 
and unloading stations.seven other workpieces are in the: 
process of being: lapped. The number of work. pieces: 
that may be lapped simultaneously depends upon the size 
and shape" of the: workpiece:, which determines :: the : num- : 
ber of cage apertures and pressure: devices: which may 
be provided. In any case: there is a cylinder 110 and 
the associate parts located directly above each cage: 
aperture: 70. ? 

The-operation of the improved lapping-machine will be: 
readily apparent from the foregoing disclosure. Assums: 
ing all of the mechanisms: to have becn previously." ad: 
justed, the motor 20-is-started to impart a rotary motion: 
to the lapping wheel 11. The motor 55 is started to ime 
parts a rotary motion to the plate: 50- and the work, cage: 
69. The fluid pump 82 is then started after which the 
control lever 98 is moved in a counter-clockwise direction 
to move the valve stem 88 downwardly into the position 
illustrated in Fig. 5 thereby causing a downward move 
ment of the spindle 51, the sleeve 52, the plate 50 together 
with the work cage 69. The downward movement con 
tinues until the stop collar 72 engages the stop Surface 
74 so as to position the work cage 69 in an operative 
position. Air under pressure is then supplied to the 
pipe 135 to control the actuation of the pistons 111. A 
work piece 71 is then positioned in the cage aperture 
70. As the cage 69 rotates in a counter-clockwise direc 
tion, after the ports to the cylinder 110 are cut off from 
the valve chambers 132 and 133 and opened to the cham 
bers 130 and 131, the passage of air under pressure to 
the cylinder 110 is reversed to cause a downward move 
ment of one of the work engaging plates into operative 
engagement with the upper surface of the work piece 71 
where it remains during the entire lapping operation. 
As successive cage apertures approach the unloading 

and loading position, the same cycle of events takes place. 
A lapped workpiece 71 is removed from the cage aperture 
and a new work piece inserted thereinstead during the 
time the cage aperture passes through the unloading sta 
tion. The entire lapping operation on the work piece 
being lapped takes place while the ports for the cylinder 
10 are in communication with the pressure chamber 
30 and the exhaust chamber 131. The unloading opera 

tion and loading operation take place while the ports from 
any of the cylinders 110, 110a, 110b, 10c, 10d, 110e, 
10f and 110g are in communication with the pressure 

chamber 132 and the exhaust chamber 133. 
It will thus be seen that there has been provided by 

this invention apparatus in which the various objects here 
inabove set forth together with many thoroughly practi 
cal advantages are successfully achieved. As many possi 
ble embodiments may be made of the above invention 
and as many changes might be made in the embodiment 
above set forth, it is to be understood that matter here 
inbefore set forth or shown in the accompanying draw 
ings is to be interpreted as illustrative and not in a limit 
ing sense. 

I claim: 
1. In a lapping machine having a base, a rotatable 

plane-faced lapping wheel thereon, means to rotate said 
lapping wheel at a predetermined speed, a rotatable platen, 
a rotatable work carrying cage supported by said platen 
which is arranged to rotate about an axis offset relative 
to the axis of said wheel, means including a variable speed 
driving mechanism for rotating said platen and cage at a 
predetermined speed to facilitate varying the lapping 
action, a plurality of spaced work receiving apertures in 
said cage, means to move said platen and cage vertically 
to and from an operative position, a positive stop to de 
termine the operative position of said cage, means includ 
ing an independent pressure cylinder and piston on said 
platen aligned with each cage aperture for maintaining 
the desired lapping pressure of the work against the said 
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lapping wheel, means including a valve to regulate said 
pressure to facilitate varying the pressure of the work 
against the face of the lapping wheel, and means includ 
ing a rotary control valve to control the admission to 
and exhaust of fluid from said cylinders. 

2. In a lapping machine having a base, a rotatable 
plane-faced lapping wheel thereon, means to rotate said 
lapping wheel at a predetermined speed, a vertically mov 
able rotatable platen on said base, a work carrying cage 
adjustably supported by said platen with its axis offset 
relative to the axis of the lapping wheel, means including 
a variable speed driving mechanism for rotating said 
platen and said cage at a predetermined speed, a plurality 
of spaced work receiving apertures in said cage, means 
to move said platen and cage vertically to and from an 
operative position, a positive stop to determine the opera 
tive position of said platen and cage, means including 

O 

an independent pressure cylinder and piston mounted on 
said platen aligned with each cage aperture for main 
taining a predetermined lapping pressure of the Work 
piece against said lapping wheel, means including a pres 
sure regulating valve to vary said lapping pressure, and 
means including a rotary control valve to control the 
admission to and exhaust of fluid from said cylinders, 
said rotary control valve serving to reverse the flow of 
pressure to said cylinders during movement through a 
loading station to facilitate a work loading operation. 

References Cited in the file of this patent 
UNITED STATES PATENTS 

387,482 Ball ------------------- Aug. 7, 1888 
1,832,190 Doane ---------------- Nov. 17, 1931 
1921,715 Whitney et al. ----------- Aug. 8, 1933 
2,695,479 Indige ---------------- Nov. 30, 1954 


