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UNITED STATES 

1,870,328 

PATENT OFFICE 
HERBERT S. INDGE, OF WESTRORO, MASSACEUSETTS, ASSIGNOR TO NORTON COMPANY., 

of worCESTER, MAssACHUSETTS, A CORPORATION OF MASSACHUSETTS 
APPNG ACSNE 

Applieation filed July 21, 1930. Serial No. 469,367. 

This invention relates to that type of 
grinding machinery commonly known as lap 
ping machines and especially to a machine 
adapted to simultaneously and precisely lap 

is duplicate surfaces on a multiplicity of simi 
lar work pieces which may be either flat or cylindrical in shape. 
A machine of this general type has been 

utilized heretofore for lapping either the 
parallel flat surfaces of such articles as pis 
ton rings, metal disks and the like, or articles 
of cylindrical shape, such as automotive wrist 
pins as well as similar articles which require 
a high finish within extremely narrow limits 

as of accuracy. In such machines, a multi 
plicity of duplicate work pieces are placed 
within a work positioning or work retaining 
cage which guides them through a combined 
rotating, sliding and eccentric break-up mo 

20 tion while in engagement with the two op 
posed metal laps charged with abrasive, one 
or both of which may be fixed against rota 
tion. It has often been the practice in such 
machines to rotate the lower lap and the work 

25 cage at different rates of speed and to permit 
the upper lap to rest upon the work by the 
force of gravity. Owing to the increased 
popularity of lapped automotive parts and 
the exacting demands of the machine indus 

ao try for accurately finished moving parts, this 
type of lapping machine has been found too 
slow in its operation and consequently ex 
pensive to use. The metal laps frequently 
lose their form and have to be removed from 

85 the machine for a truing and recharging op 
eration which is expensive and involves con 
siderable loss of time as well as effort on the 
part of the operator. 
The present invention relates to an im 

provement over this prior type of lapping 
machine and has for its primary object the 
provision of a lapping machine in which 
rotating abrasive wheels are used to lap a 
multiplicity of duplicate work pieces with 
extreme precision and great rapidity, and in 
which the work pieces are moved through a 
constantly changing path relative to the two 
rotating wheels and the rates of movement are 
such that the operative surface of each lap 

50 may be utilized efficiently and the abrading. 

action imparted to the work by each lap will 
be substantially identical. 
With this and other objects in view, as will 

be apparent to one skilled in the art, this in 
vention resides in the features set forth in 55 
the specification and covered by the appended 
claims. w 

In accordance with this invention, I have 
provided a lapping machine having two op 
posed abrasive laps, and preferably wheels 
of bonded abrasive grains, which are rotated 
at different rates and preferably in opposite 
directions while in operative engagement 
with a multiplicity of duplicate workpieces. 
If it is desired to lap the two opposed parallel 
surfaces of a multiplicity of flat workpieces, 
they are mounted within a work cage which 
is driven through a composite motion of rota 
tion and gyration at such a rate that the work 
pieces retained therein are moved through 
a progressively changing path and receive 
an identical lapping action upon each of the 
surfaces being lapped. If it is desired to lap 
the peripheral surfaces of a multiplicity of 
cylindrical work pieces they are mounted 
within a work cage which is so arranged that 
it is freely rotatable about an eccentrically 
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driven centering member, thus permitting 
the cylindrical work pieces to roll upon the 
lapping surfaces at a differential speed and 
also imparting a sliding action of the work 
pieces between the laps at the same time. 
Means are provided whereby the irregular 
path of the work pieces may be controlled and 
adjusted to different sizes of work. The gy 
ratory motion of the work cage is usually 
so regulated that each work piece comes in 
contact with the entire operative surface of 
each of the laps before the completion of the 
lapping cycle, thereby causing an even wear 
upon the laps and making a truing of their 
operative surfaces rarely necessary. 

Referring to the drawings which illustrate 
one embodiment of the invention and in 
which like reference numerals indicate like 
parts: > 

Fig. 1 is a vertical elevation partly in Sec 
tion showing the assembled lapping ma 
chine; 
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motion to the work cage. 

2 

Fig. 2 is a sectional view showing the rela 
tive position of the laps and the work and 
associated driving mechanism during the 
lapping operation when the machine is 
ICE for flat lapping; 

Fig. 3 is a fragmentary view taken approx 
imately along the line 3-3 of Fig. 1; 

Fig. 4 is a sectional view taken along the 
line 4-4 of Fig. 2; 

Fig. 5 is a view similar to Fig. 3 but show 
ing a work cage adapted to hold cylindrical 
work; and t 

Figs. 6 and 7 show the mechanism for sup 
porting and driving a work cage adapted for 
cylindrical work. 

Referring more particularly to the embodi 
ment of this invention as illustrated, the lap 
ping machine may be constructed in its gen 
eral aspects similar to the machine disclosed 
in the United States 

trated comprises a base 10 adapted to support 
a lower lap 11 and an upper lap 12 between 
which is arranged a work guiding member 
or work cage 13. Both the upper and lower 
laps rotate, preferably in different directions. 
A composite motion of rotation and gyration 
is imparted to the work cage which causes 
the work pieces retained therein to move 
through a so-called eccentric break-up mo 
tion along a progressively changing path 
which may be regulated as desired. 
Power may be supplied to the machine in 

any convenient manner, such as by a belt ar 
ranged to rotate a pulley 15 keyed to a shaft 
16 journaled in the base 10 of the machine 
and arranged to rotate both the upper and 
lower laps as well as to transmit an irregular 

A worm 17 is fas 
tened to the shaft 16 in such a position that 
it is constantly enmeshed with a worm wheel 
19 keyed to a vertical sleeve 20 rotatably sup 
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co 

ported by bearings 22 and 23 secured within 
a hub 25 bolted to the base of the machine. 
The upper end of the sleeve 20 has a tapered 
head 26 and a spider member 27 is accurately 
fitted and keyed thereto. This spider mem 
ber has a bearing surface 28 adapted to fit 
exactly against the top of bearing 22 and 
hub 25 and thereby support sleeve 20 and its 
associated parts in correct vertical position. 
To further secure said sleeve in correct ver 
tical position, a threaded portion 29 is pro 
vided thereon just below the bearing 22 and 
a bearing nut 30 is locked in light contact 
with the under side of bearing 22 so that the 
sleeve will be free to rotate without any end 
wise movement. A driving plate 32 is firmly 
mounted upon the spider 27 and secured 
there-to by bolts 33. The lower lap 11, which 
is illustrated as an annulus of ceramic bond 
ed abrasive grains made like a grinding wheel, is firmly gripped by the driving plate 
and maintained as an integral part there 
with by means of a retaining ring 35 fastened 

patent to Indge No. 
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to the driving plate by means of screws 36. 
Thus any rotary motion applied to pulley 15 
is transmitted through shaft 16 and worm 17 
to worm wheel 19, sleeve 20, spider member 
27 and driving plate 32 to rotate the lower 
lap 11. 

During rotation of the lower lap, the work 
cage 13 is moved through an irregular path. 
A gear 38 is keyed to sleeve 20 and main 
tained in position just below worm wheel 19 
by a nut 39 screwed onto a threaded portion 
40 on the lower end of the sleeve. A cluster 
gear 42, rotatably mounted on a stud 43 sup 
ported within a hub 44, of the base, is con 
stantly in mesh with gear 38 on sleeve 20 and 
gear 46 which is fastened to a spindle 47 
journaled within the sleeve 20 in bearings 
48 and 49. At the upper end of the spindle, 
a head 52 is fastened so that it may rotate 
therewith and within the spider member 27. 
The head 52 is provided with three studs 

53 equally spaced from each other and equi 
distant from the spindle 47 about which they 
revolve. Upon each one of these three studs 
53 is rotatably mounted a cluster gear 55, 
said gears being so positioned that they are 
constantly in mesh with an internal ring gear 
56 secured to the spider member 27 by screws 
57 as shown in Fig. 4, this spider being ro 
tated with the lower lap. Each of these 
three cluster gears 55 also is constantly in 
mesh with a pinion 59 mounted for free ro 
tation upon the upper end of the spindle 47. 
Three other studs 62 are fixedly supported by 
the head 52 equidistant from each other and 
also equidistant from the spindle 47 about 
which they revolve. Gears 63 are rotatably 
mounted, one upon each of the studs 62 in 
such positions as to be constantly in mesh 
with a pinion 64 concentric with and fixed 
to rotate with pinion 59. 
A casing 66 forms an integral part of the 
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spider member 27 and provides a container 
for a lubricant in which the gears may rotate. 
A cover 67 is provided to prevent dust and 
foreign matter from coming in contact with 
the moving parts and thereby causing wear. 
A cap 69 is fastened by screws 70 to the hub 
of each one of the three gears 63 so that it 
will rotate concentric therewith. Each cap 
has several duplicate tapped holes 72 located 
in various positions within its upper face. 
Work cage supporting and driving studs 73 
are screwed into one of the threaded holes in 
each cap in corresponding positions and each 
stud has an adjustable supporting member 
at its upper end arranged to position and 
drive the work cage 13 between the two laps. 
To adjustably support the work cage rela 

tive to the two opposed laps so that it will 
not contact therewith, I provide supporting 
heads 76 arranged to slidably fit over each 
one of the work cage driving studs 73. Each 
of these supporting heads has a flanged por 
tion 77 arranged to engage the under side of 
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the work cage 13 and a threaded portion 78 
over which a nut 79 may be screwed to engage 
the top face of the work cage. An adjusting 
screw 80 is threaded into the upper portion 
of each supporting head and engages the top 
of each stud 73 respectively. Thus the ma 
chine operator may turn each of these adjust 
ing screws and accurately position his work 
cage between the opposed laps and then lock 
the screws in position by tightening a lock 
nut 81 against the top of each supporting 
head. 
The work cage for flat lapping in my pre 

ferred construction comprises a metal disk or plate having a multiplicity of circular 
holes 83 within which flat work pieces 84 
may be loosely retained. Three holes are 
also provided within which the supporting 
heads 76 may be secured. Thus when the 
lower lap rotates, a combined motion of ro 
tation and gyration is transmitted to the 
work cage since rotation of pulley 15 trans 
mits a similar motion of rotation through 
shaft 16, worm 17, worm wheel 19, gears 38, 
42 and 46 to rotate spindle 47 and head 52 
which carries the three work cage driving 
studs supported by gears 63 upon studs 62 
fixed to the head 52. 

During the rotation of spindle 47 and 
head 52 secured thereto, studs 73 revolve 
each about its own central support or stud 
62, since the gear train comprising gears 38, 
42 and 46 has been so selected that sleeve 20 
and spindle 47 supported therein rotate at 
different rates. This different rate of rota 
tion causes the three cluster gears 55 carried 
by studs 53 to roll upon ring gear 56 and 
to transmit rotary motion to the three gears 
63 through the pinions 59 and 64 which are 
fastened together. Studs 73 which carry the 
work cage rotate with gears 63 and revolve 
eccentrically in synchronism about studs 62. 
These studs 62 are revolved slowly about the 
axis of the central spindle 47, and at the 
same speed. Consequently, the motion of 
revolution of studs 62 is compounded with 
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the motion of revolution of stud 73 and 
thereby causes the work pieces in the cage 
to travel with a compound gyrating and revolving motion. By changing the posi 
tion of the studs 73 the amount of eccentric 
motion imparted to the work cage during its 
rotation may be varied for different types 
and sizes of work. 
If the operator desires to lap cylindrical 

work pieces, such as automotive wrist pins 
and the like, this machine may be quickl 
and easily adapted to accurately lap suc 
work, as shown in Fig. 6. For lapping 
cylindrical work pieces, it has been found 
necessary to support the work cage so that 
it may freely and eccentrically rotate rela 
tive to the two opposed laps, thereby sub 
jecting the workpieces to a combined rolling 
and 'sliding action between the laps for an 

cylindrical work 

3 

even abrading action. To accomplish this, 
I have made that one of the three studs 53 
which is shown in Fig. 2 long enough to ex 
tend out through the cover 67 and through 
a slotted portion 90 in a member 91 which 
is slidably mounted on ways 93 upon cover 
67. A nut 94 is screwed onto a threaded 
portion on the end of the elongated stud 53 
and engages the top of member 91, clamping 
it firmly in any preadjusted position upon 
the ways 93. A threaded portion 95 is pro 
vided in one end of the member 91 so that 
a work cage centering stud 96 may be re 
movably screwed therein. - 
When the machine operator desires to lap 

cylindrical work pieces, he removes the cage 
13 adapted for flat lapping and unscrews 
each of the driving studs 73, whereupon he 
may mount stud 96 in member 91. A work 
cage 13a adapted to hold a multiplicity of 

pieces 98 within slotted 
portions 99 is rotatably mounted upon a 
hub 100 which is arranged to be screwed up 
and down a threaded portion 101 of stud 96 
to adjust the work cage so that it may freely 
rotate between the two op 
out engagement there with. When the hub 
100 has been adjusted to the proper height, 
it may be locked in position by any con 
venient means, such as a set screw 102. The 
eccentricity of the work cage 13a, may be 
easily regulated by loosening the nut 94 and 
sliding member 91 toward or from the axis 
of the laps. Thus the work cage will be 
free to rotate at a differential speed in the 
direction of the faster rotating lap as well 
as being driven through an eccentric motion 
about the axis of the laps. 

posed laps with 
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A rotatable upper lap 12 of substantially - 
the same size and structure as the lower lap 
is supported above the lower lap by a frame 
105 mounted upon the base of the machine 
and also supports a feeding mechanism 
therefor. In order to permit rotation of the 
upper lap a spindle 106 is rotatably support 
ed within the frame 105 and is provided 
with a head 108 to which the upper lap is 
firmly secured by a retaining ring 109. The 
head 108 is supported and driven by ball 
and socket members 110 and 111 which may 
be firmly secured together by. Screws 112 or 
which if loosened may be free to float within 
one another and thereby permit the upper 
lap to adapt itself to the upper surface of 
the work pieces and freely float thereupon. 
Member 111 is secured to spindle 106 by key 
114 and nut 115 which engage member 111 
through washer 116. Member 110 is firmly 
fastened to the head 108 by Screws 118. 
Shaft 106 is journaled in bearings 119 and 
120 within sleeve 121 in the frame 105. A 
pulley 122 is slidably keyed at the upper 
end of spindle 106 and is maintained in con 
stant driving engagement with a pulley 125 
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keyed on the shaft 16, by a belt 126 which 
passes over idler pulleys 127. 

O 

20 

To facilitate adjustment of the laps rela 
tive to the work, the upper lap is mounted so 
that it may be moved vertically toward and 
from the lower lap. To accomplish this, the 
sleeve 121 is slidably mounted within frame 
105. A hand wheel 129 is secured to a shaft 
130 mounted for rotation within bearings in 
the frame 105. A worm 132 is fastened upon 
shaft 130 and so positioned that it will be con 
stantly in mesh with a worm wheel 133 which 
is fastened to rotate with a cross shaft 134 
supported for rotation in suitable bearings in 
frame 105. A pinion 135 is also secured to . 
cross shaft 134 and in such a position as to be 
constantly in mesh with a rack 136 cut within 
the face of sleeve 121. Thus rotation of the 
hand wheel 129 in either direction will rotate 
the worm 132, worm wheel 133 and pinion 135 p. 
causing the upperlap to move toward or from 
the lower lap. 

25 

The operation of this machine will be readi 
ly apparent in view of the constuction as 
previously described. For the lapping of flat 
work as illustrated in Figs. 2 and 3, duplicate 
workpieces, which in the present instance are 
shown as metal disks 84, are each placed with 
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in one of a plurality of holes 83 in the work 
cage 13. The operator then turns hand wheel 
129 to lower the upper lap 12 until it rests 
upon the work pieces by the force of gravity, 
after which the machine may be placed in op 
eration by rotating pulley 15 with any suit 
able source of power. The studs 73 are so po 
sitioned within the various holes 72 that the 
eccentric travel of the work cage will carry 
each workpiece across the entire width of the 
two opposed annular lapping surfaces during 
the lapping cycle and thereby cause the laps. 
to wear away evenly. Each of the screws 80 
is adjusted and locked in position so that the 
work cage 13 will be substantially parallel to 
the opposed lap surfaces and out of contact 
therewith. 
By utilizing two rotating abrasive laps, I 

have found it practicable to reduce the speed 
of rotation of the work cage to a relatively 
slow rate as compared with machines of 
previous constructions. This slow rotation of 
the work cage permits the fast rotating 
abrasive lap to continuously and positively 
rotate each work piece within the work cage 
as it travels along its irregular, ever changing 
path and thus prevents the likelihood of ex 
cessive or uneven wear upon either the lap 
or the work pieces. In the preferred form of 
my invention, as illustrated, it has been found 
practicable to rotate the lower lap at approxi 
mately 113R. P.M. in a counter-clockwise di 
rection and the upper lap at approximately 
97 R. P. M. in a clockwise direction. The 
work cage is usually rotated in the direction 
of the faster lap at approximately one-half 
the difference the two opposed laps when 
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lapping flat workpieces. Thus the rate of ro 
tation of the work cage in the present instance 
is 8R. P.M. counter-clockwise. In machines 
of the previous constructions wherein one of 
the laps was fixed, it was found necessary to 
rotate the work cage at a much higher rate of 
speed. The centrifugal force caused by this 

O 

excessively high rate of work cage rotation 
tended to throw the work pieces against the 
side of the work cage and create sufficient fric 
tion to prevent the work pieces from rotating 
within the cage properly during the lapping 
operation. Such a condition tended to leave 
abrading marks upon the work pieces and to 
wear them away at an uneven rate, thus seriously impairing the accuracy of the work 
being lapped. - 

cylindrical work, such as automotive wrist 
ins and the like, this machine may be quickly 

adapted to lap such work by removing the 
work cage 13 adapted for flat lapping and re 
moving the cage driving pins 73, whereupon 
the stud 96 may be screwed into member 91. 
and the work cage 13a adapted for cylindrical 
Work may be mounted thereupon as illustrat 
ed in Figs. 5 and 6. Since the work cage 13a 
is freely rotatable upon the adjustable hub 
100, it may be positioned so that the cylin 
drical work pieces 98 retained therein will be 
free to rotate at a differential speed between 
the two opposed laps. During the rotation of 
the work cage, the centering pin 96 moves 
it through an eccentric motion which may be 
easily regulated by loosening nut 94 and slid 
ing the member 91 on the ways 93 so that each 
work piece will travel across the entire width 
of the two annular lapping surfaces during 
the lapping cycle thus causing an even wear 
on both laps. 
Bonded abrasive laps are used in this ma 

chine, since they not only abrade the work at 
a faster rate than do the metal laps' charged 
with abrasive as used in prior machines, but also may be employed continuously until too 
thin for further usefulness. It is necessary 
to true the lapping surfaces only when they 
become unevenly worn and this rarely occurs 
unless the machine has had abusive treatment. 
Having thus described my invention, what 

I claim as new and desire to secure by Letters 
Patentis: 

1. Alapping machine comprising two op 
posed laps and a work cage supported there 
tween, a rotatable spider arranged to support 
one of the laps, a head mounted concentric 
with the spider and rotatable relative there 
to, means to rotate said head and spider at dif 
ferent rates of speed, pinions rotatably mount 
ed upon said head and spaced from its axis so 
as to revolve therewith, driving pins arranged 
to engage said work cage, each of said driving 
pins being eccentrically mounted upon one of 
said rotatable pinions, a ring gear arranged 
to rotate with said spider, and gears carried 
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by said rotatable head which engage the ring 
gear and said pinions and cause the work cage 
to move through a composite motion of rota 
tion and gyration. 

2. A lapping machine having two horizon 
tally opposed rotatable annular laps of bond 
ed abrasive grains, and a rotatable Work cage 
interposed therebetween which is arranged to 
move a multiplicity of work pieces between O 

5 

20 

the opposed lapping faces, means for freely 
supporting the upper lap whereby it may ac 
commodate itself to the top work surfaces, 
means for maintaining the cage operatively 
associated with the laps but out of abrading 
contact therewith, mechanism to rotate said 
laps at high speeds in opposite directions, the 
rates of which are slightly different, and 
means to gyrate the work cage rapidly while 
causing it to rotate very slowly at a speed ap 
proximately half the difference between the 
speeds of the laps and in the direction of the 
faster rotating lap, whereby each work piece 
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will be caused to follow an ever-changing 
path and move through a combined rotation 
and rapid sliding motion over the entire op 
erative surface of both of the opposed laps. 

3. Alapping machine comprising two hori 
Zontally opposed rotatable concentric laps of 
bonded abrasive grains and a freely rotatable 
work cage eccentrically mounted relative to 
the laps and arranged to maintain a multiplic 
ity of work pieces interposed therebetween, 
mechanism to rotate both laps rapidly in op 
posite directions and at slightly different 
rates, means for freely supporting the upper 
rotatable lap whereby said lap may accom 
modate itself to the top work surfaces, means 
to support the work cage out of contact with 
both laps and mechanism associated with the 
lap rotating means adapted to revolve the 
work cage center rapidly about the axis of the 
laps and cause the workpieces to slide axially 
at a rapid rate as they roll rapidly along a pro 
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gressively changing path over the entire sur 
face of both of the opposed rotating lap faces, 
the work cage being rotated slowly about its 
axis whereby the centrifugal force acting ax 
ially on the work pieces is minimized. 
Signed at Worcester, Massachusetts, this 

18th day of July, 1930. 
HERBERT S. INDGE. 


