
March 26, 1940. D. A. WALLACE 2,195,049 
LAPPING APPARATUS 

Original Filled Nov. 16, 1936 

ZTI 

Za. 

13 

ATTORNEYs. 

  



5 

20 

30 

35 

40 

45 

Patented Mar. 26, 1940 

UNITED STATES 

2,195,049 

PATENT OFFICE 
2,195,049 

LAPPNG, APPARATUS 

David A. Wallace, Detroit, Mich., assignor to 
Chrysler Corporation, Highland Park, Mich., a 
corporation of Delaware 

Application November 16, 1936, Serial No. 111,011. 
Renewed August 25, 1939 
15 Claims. 

This invention relates to an improved appara 
tus for lapping surfaces and is a further develop 
ment of the invention disclosed in my co-pending 
application Serial No. 91,85 filed July 22, 1936. 
More particularly, the invention pertains to 

lapping of surfaces of apparatus and parts there 
of which operate in rubbing, sliding or rotative 
bearing-like, or frictional contact with other 
parts. 
One of the main objects of the invention is to 

provide between an article being lapped and a 
lapping element, a relative movement which is 
a resultant of a plurality of different simultane 
OuS COmponent movements of the lapping ele 
ment and the work respectively. 
Another object of the invention is to produce 

relative movement of this character between a 
lapping element and a surface being lapped which 
is the resultant of so many components that 
even during repeated application of the lapping 
element to the work surface, no isolated area or 
particle of the lapping element will be repeatedly 
applied to the same increment of area of the 
Work. 
A further object of the invention is to provide 

apparatus for so moving portions of a lapping 
element from one group of machine-formed ridges 
of a Surface to be lapped to another, during rapid 
reciprocation of the element, that the accumu 
lated lapped off material and parts of the lapping 
element which normally tend to foul the working 
surface thereof are freshly dislodged before ad 
vancement of the lapping element to unlapped 
ridges or ridges in a different stage of the Iap 
ping proceSS. 
Other objects of the invention are to provide 

an apparatus for rotating a piece of work while 
a Surface thereof is in lapping engagement with 
the lapping element and simultaneously recipro 
cating the lapping element throughout a rela 
tively short stroke at a rate Substantially of a 
vibratory order while also translating the lap 
ping element throughout a longer stroke at a 
lower speed of movement; to provide lapping ele 
ments of relatively small dimensions and corre 
Spondingly light Weight in lapping apparatus of 
this character which are susceptible of convenient 
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reciprocation at high velocity; to provide means 
for translating such lapping elements while they 
are reciprocating, into lapping engagement with 
Successively adjacent portions of a piece of work 
of substantially, greater dimensions than the di 
mensions of the lapping element; and to provide 
lapping element translating mechanism of this 
character which reciprocates the lapping element 

(Cl. 51-59) 
throughout a predetermined stroke at one rate 
of speed while they are also reciprocated at a 
different rate of speed throughout a different 
length of stroke. 
Additional objects of the invention are to pro- 5 

vide improved means for rotating a piece of Work 
while it is in operative engagement With the lap 
ping element; to provide means of this char 
acter which yieldably supports and holds the 
work in operative engagement with the lapping 10 
element; to provide work supporting and rotat 
ing mechanism in apparatus of this kind which 
will accommodate and properly condition non 
cylindrical surfaces of irregular articles for the 
reception of lapping operations of the foregoing lS 
character; to provide work holding means of this 
kind which frictionally rotates the work and 
which does not require that the Work be centered 
or otherwise conditioned for imparting thereto 
rotative movement; and to provide Work Support- 20 
ing and rotating apparatus of this character 
which will properly position and rotate conical 
and frusto-conical Surfaces of pieces of Work to 
-be operated upon in accordance with the improved 
lapping method. 

Illustrative embodiments of the invention are 
shown in the accompanying drawing, in which: 

Fig. 1 is a fragmentary side elevational view 
of a lapping apparatus embodying the invention. 

Fig. 2 is a fragmentary vertical sectional view 30 
taken on the line 2-2 of Fig. 1. i 

Fig. 3 is a fragmentary horizontal Sectional 
view taken on the line 3-3 of Fig. 1. 

Fig. 4 is a fragmentary side elevational view of, 
a portion of the apparatus illustrated in Fig. 1 35 
showing a further development thereof. 
In the form of the invention illustrated in Figs. 

1, 2 and 3, my improved lapping apparatus com 
prises a base portion or support to having a lon 
gitudinally extending channel ff provided with 40 
an open upper extremity at the top side of the 
support. Formed on the upper side of the Sup 
port fo, along the lateral edge portions of the 
channel f, is a dovetailed rib 2 on which the 
carriage 3 of a lapping tool, generally designated 45 
by the numeral 4, is slidably mounted. The 
tool carriage 3 is provided with a dovetailed 
groove 5 for receiving the dovetail rib f2, as 
illustrated in Fig. 2. The tool carriage 3 has 
an upwardly extending bifurcated end comprising 50 
spaced flanges 6 between which a groove is 
provided. The tool 4 includes a lever 8 which 
is disposed in the groove 7 and pivotally Sup 
ported on the upstanding flanges 6 by a pin 9. 
Formed in the left end of the lever 8, as viewed 55 
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in Fig. 2, is a bore 20 which communicates with 
a rectangularly shaped recess 2 formed in the 
lower side of the left end portion of the lever 8. 
Mounted in the bore 20 is a tubular extension of 
a casing of an electric motor 22 or other suitable 
driving means, having a shaft 23 journaled in 
a bearing 24 carried by the tubular motor casing 
extension. The motor 22 is Securely held in place 
on the lever 8 by a set screw 25 or other suitable 

Slidably mounted in the recess 2 is a leaS. 
block 26 having an apertured lug 27 extending 
downwardly from its lower side. The block 26 
is held against displacement from the recess 2 
by cleats 28 having edge portions extending in 
wardly beyond the edges of the recess and secured 
to the lower side of the lever 8 by Screws 29. 

Pivotally mounted on the apertured lug 27 is a 
lapping element carrier 30, preferably compris 
ing a strip of yieldable and resilient sheet metal 
3, on which are attached spaced lapping ele 
ment brackets 32 of channel-shaped cross sec 
tion. Lapping elements 33, preferably compris 
ing stones, are securely held in the channel 
shaped brackets. 32. The lapping elements 33 
may comprise natural stone, or artificially com 
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pressed blocks of lapping material or any other 
suitable lapping substances. A pivotal coupling 
member 34 having spaced apertured ears 35 be 
tween which the apertured lug 27 is receivable, 
is provided on the upper side of the resilient sheet 
metal plate 3 for pivotally attaching the lapping 
element carrier to the slidable block 26. The 
apertured lug 27 and apertured ears 35 are piv 
otally and detachably connected together by a 
removable pin 36 which extends through the 
apertured lug 27 and ears 35, as illustrated in 
Fig. 2, the foregoing lapping element mounting 
and reciprocating mechanism being similar to 
that shown in my co-pending application, Serial 
No. 91.851. 
Lapping elements 33 may be drivingly recip 

rocated by the motor 22 by means of an oper 
ative connection between the motor shaft 23 arid 
the slidable block 26 which is provided by a pin 
37 eccentrically mounted on the lower extremity 
of the motor shaft 23 and operatively engaged 
in an elongated slot 38 formed in and extending 
transversely of the slide block 26. During ro 
tation of the motor shaft 23, the slide block 26 
is reciprocated at a relatively high speed ap 
proaching a speed of a vibratory order and in 
the directions illustrated by the arrow 39 in Fig. 
3. The stroke of the reciprocatory movement 
produced by the motor 22 is relatively short but 
during reciprocation of the lapping elements 33 
by the motor the entire tool 4 is reciprocated 
bodily by the sliding movement accommodated 
by the dovetail connection between the support 
O and the tool carriage f3. 
Continuous bodily reciprocation of the tool 

throughout a substantially greater length of 
strokes than that produced by the motor 22 is 
provided by driving means associated with the 
support O and comprising a crank, generally 
designated by the numeral 40 in Fig. 2. The 
crank 40 has a bearing portion 4 journaled in 
an aperture formed in the support C and a crank 
throw 42 located in the channel ff. Formed on 
the crank throw 42 is a laterally extending crank 
pin 43 which is engaged in a substantially ver 
tical notch 44 formed in a downwardly extend-- 
ing flange 45 carried by the lower side of the tool 
carriage 3, as illustrated in Fig. 1. The bearing 
portion 4 has an end part located externally of 
the support ?o on which is mounted a pulley 
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46 which may be drivingly connected by a belt 
or other suitable means (not shown) to a motor 
(not shown) or other suitable driving means. 
By the foregoing apparatus, the lapping ele 

ments 33 are reciprocated at a relatively high 
speed throughout a comparatively short stroke 
while they also undergo reciprocatory movement 
of a comparatively longer stroke and at a rel 
atively slower speed. During such reciprocatory 
movements of the lapping elements 33, they may 
be applied to the surface to be lapped of an ar 
ticle which is rotatively supported, and prefer 
ably drivingly rotated by any suitable supporting 
and rotating means. 

In the form illustrated in Figs. 1 to 3, inclusive, 
the work supporting and rotating means, gener 
ally designated by the numeral 47, comprises a 
metal base having a substantially horizontal 
plate 48 provided with spaced upstanding flanges 
49 at its respectively opposite ends. Rotatably 
mounted between the flanges 49 are adjacent 
rollers 50 having spaced peripheral portions 5 
preferably comprising non-metallic yieldable 
material having frictional properties, such as 
rubber. Each peripheral portion is carried by 
and preferably bonded to a central shaft 52. 
Opposite end portions of each shaft 52 are jour 
naled in apertures 53 formed in the end flanges 
49 of the base plate 48 and one of the shafts 
52 extends beyond one end flange 49 and is pro 
vided with the pulley 54 by which one roller 50 is 
directly driven. 
A piece of work to be lapped is disposed so as 

to be mutually supported by both rollers 50 
while it is operated upon by the lapping ele 
ments 33. In the illustration shown in Figs. 1 
and 2, a piston 55 is disclosed in operative lap 
ping engagement between the rollers 50 and the 
lapping elements 33. The piston 55 may, as 
shown in Fig. 2, be of slightly elliptical or out-of 
round contour. During rotation of one of the 
rollers 50, the work 55 is also rotated and in turn 
drives the other roller 50. If desired, the rollers 
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may be drivingly connected together by suitable 
... gearing (not shown) including an idler pinion 
by which the rotative drive may be imparted di 
rectly from one roller to another while still 
maintaining rotation of the rollers in the same 
direction. 
The lapping tool f4 may be rotated in a coun 

terclockwise direction, as viewed in Fig. 2, about 
50 

the pivot 9 in order to accommodate removal 
of work from and placement thereof on the 
yieldable supporting rollers 50. In order to pre 
determine the pressure applied on the work by 
the lapping element 33, the lever 8 of the lap 
ping tool f is provided with a stem 56 which 
extends from the right end of the lever 8, as 
viewed in Fig. 2. Adjustably mouinted on the 
stem 56 is a counter-balance weight 57 which 
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may be releasably held in an adjusted position by 
a set screw 58. The balance weight 57 is adjust 
ably positioned so as to counter-balance all but 
a desired portion of the moment of the motor 
and portion of lever 8 on the right hand side of 
the pivot 9 in order to predetermine the force 
by which the lapping, elements 33 are applied 
to the surface operated upon. 

In the form of the invention illustrated in Fig. 
4, there is provided a pair of frusto-conical shaped 
rollers 50', each comprising an outer yieldable 
peripheral portion "5" formed of non-metallic, 
yieldable, frictional material, preferably com 
prising rubber, and a central shaft 52. Each 
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shaft 52' is rotatably journaled in apertures 
formed in upstanding flanges 49' of a base struc 
ture, generally designated by the numeral 47 '. 
The peripheries 5 of the rollers 50' are prefer 
ably Spaced apart and one of the shafts 52' is 
provided with a pulley 54', or other suitable 
means, by which one of the rollers may be di 
rectly drivingly rotated. The rollers 50' are ar 
ranged in adjacent relationship in the manner . 
illustrated in Fig. 2 and they are adapted to mu 
tually Support a frusto-conical shaped piece of 
work 59 as shown in Fig. 4. The frusto-conical 
rollers 50' may be mutually directly driven by 
gear mechanism (not shown) including an idler 
gear interposed therebetween in order to drive 
both rollers in the same direction. In the form 
shown, however, the rotatively driven roller ro 
tates the Work and the latter, in turn, rotates the 
other roller. The inclinations of the sides of the 
rollers 50' are preferably so predetermined with 
respect to the inclinations of the sides of the 
Work 59 as to bring the uppermost extremity 
thereof, represented by the line 60 in Fig. 4, into 
a Substantially horizontal position in order that 
the Surface of the work may be properly pre 
Sented to the lapping elements 33. 
By virtue of the foregoing lapping apparatus 

and method the relative movement produced be 
tween the work and the lapping element is a re 
Sultant of a plurality of different components 
which assures removal of the machining formed 
ridges of the Surface operating upon without pro 
ducing scratches by repeatedly bringing isolated 
portions, or hard particles of the lapping surface 
of the lapping element into repeated engagement 
with the same increment of area of the work. 
Relatively small and light lapping elements may 
be used upon work having Surfaces of much 
greater dimension while assuring equal applica 
tion of the lapping elements to all portions of 
the work surface. This is accomplished by not 
Only reciprocating the lapping elements relative 
to the lapping tool, but by bodily reciprocating 
the lapping tool through substantially long 
strokes at a comparatively slow speed. The com 
bined reciprocations of the lapping elements at 
relatively high speed throughout a comparatively 
short stroke, assures removal of metal and par 
ticles of the lapping element from between the 
grains of the latter at its working surface and 
thereby maintains the working surface of a lap 
ping element in a clean and efficient cutting 
condition. 
The yieldable work supporting and rotating 

apparatus facilitates rapid and ready removal of 
work from the machine and placement of work 
thereon and accommodates articles of non-cylin 
drical shape. By frictionally driving the work in 
the foregoing manner, the requirements of cen 
tering the work is dispensed with as well as are 
the hazards of injuring the work during mount 
ing thereof for rotation about a fixed center. By 
yieldably supporting the work in this manner, the 
surfaces of out-of-round articles, such as ellipti 
cal pistons, may be lapped to a high degree of 
smoothness substantially without varying their 
dimensions and contours and particularly with 
out excessively removing metal from those por 
tions of the work which are located at greatest 
distance from its central axis. 
Although several Specific embodiments of the 

invention are herein shown and described, it will 
be understood that various changes in the size, 
shape and arrangement of parts may be made 

3 
without departing from the spirit of my inven 
tion, 
What I claim is: 1. Lapping apparatus comprising a support, 

means adjacent said Support for rotatably sup 
porting a piece of work, a lapping tool shiftably 
mounted on said support for movement in the 
general direction of the axis of said work in 
cluding a main body part having an end portion 
adjacent Said Work and a reciprocable lapping ele 
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ment and holder assembly, said assembly con 
stituting only a small portion of the mass of 
said tool and being movable in said direction 
relatively to said lapping tool and engageable 
with Said work, mechanism for rotating said work 
and reciprocating said tool bodily relative to said 
Support at a comparative slow speed, and driving 
mechanism on said tool for reciprocating said 
lapping element relative thereto at a substan 
tially faster rate of speed. 

2. Lapping apparatus comprising a support, 
means adjacent said support for rotatably sup 
porting a piece of work, a lapping tool including 
a body portion shiftably mounted on said sup 
port and a lapping element and holder assembly, 
Said assembly being many times lighter in weight 
than the main body portion of said tool and be 
ing reciprocable relative to said body portion in 
a direction substantially parallel to the rotative 
axis of Said work at a speed of a vibratory order 
and said lapping element being engageable with 
Said work, a driving member on said tool con 
structed and arranged to reciprocate said lap 
ping element relative to said tool body portion 
throughout a relatively short stroke and at a 
comparatively high speed of a vibratory order, 
mechanism for rotating said work, and appara 
tus for reciprocating said tool bodily relative to 
Said Support throughout a substantially longer 
stroke and at a comparatively slower rate of 
Speed. 

3. Lapping apparatus comprising a support and 
having a guide member thereon, means adjacent 
Said Support for rotatably supporting a piece of 
Work, a lapping tool having a body portion shift 
ably mounted at one end on said support and 
confined by said guide member to shifting move 
ments in a path substantially parallel to the ro 
tative axis of said work and having an oppo 
site end portion extending over said work, said 
tool comprising a lapping element reciprocably 
mounted on the latter end portion of said body 
portion, and means for confining the reciprocat 
ing movement of said lapping to a path substan 
tially parallel to said axis, a driving member oil 
said tool constructed and arranged to reciprocate 
said lapping element relative thereto throughout 
a relatively short stroke and at a comparatively 
high speed, mechanism for rotating said work, 
and apparatus for reciprocating said tool bodily 
relative to said support throughout a substan 
tially longer stroke and at a comparatively slow 
er rate of speed. 

4. Lapping apparatus comprising a support, 
means adjacent said support for rotatably Sup 
porting a piece of work, a tool carrier shiftably 
mounted on said support, a lapping tool pivotally 
mounted on said tool carrier having an end por 
tion registering with work supported by said 
means, a lapping element reciprocably mounted 
On Said end portion of said tool and engageable 
with work supported by said means, a driving 
member mounted on Said end portion of Said 
tool for reciprocating said lapping element and 
urging the same toward said work, and mecha 
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4. 
nism for driving said work rotating means and 
reciprocating said tool bodily relative to Said 
Support. - 

5. Lapping apparatus comprising a support, 
means adjacent said support for rotatably sup 
porting a piece of work, a tool carrier shiftably 
mounted on said support, a lapping tool pivotally 
mounted on said tool carrier having an end por 
tion registering with work supported by said 
means, a lapping element reciprocably mounted 
on said end portion of said tool and engageable 
with work supported by said means, a driving 
member mounted on said end portion of said tool 
for reciprocating said lapping element and urging 
the same toward said Work, mechanism for driv 
ing said work rotating means and reciprocating 
said tool bodily relative to said support, and 
means carried by said tool on the opposite side of 
the axis of the pivotal mounting thereof from 
that on which said lapping element is located for 
counterbalancing selected portions of the weight 
of said driving member to predetermine the pres 
sure of application of said lapping element upon 
said Work. 

6. Lapping apparatus including means for 
yieldably supporting and frictionally rotating a 

30 

piece of work, a lapping tool comprising a lapping 
element reciprocably mounted thereon and 
adapted to bear upon and urge work supported 
by said means toward the latter, and mechanism 
for driving said means to rotate said work and for 
drivingly reciprocating said lapping element re 
spectively. 

7. Lapping apparatus including means for 
yieldably supporting and frictionally rotating a 
piece of work, a lapping tool comprising a lap 
ping element adapted to bear upon and urge work 
supported by said means toward the latter, and 
mechanism for driving said means to rotate said 
work. 

8. Lapping apparatus including means for 
yieldably supporting and frictionally rotating a 
piece of work having generally circular cross sec 
tions by engagement with the surface of said work 
to be lapped, a lapping tool adjacent said means 
having a lapping element engageable with Said 
surface and adapted to bear thereon in the direc 
tion of said yieldable supporting means, and 
mechanism for driving said means to rotate said 
Work. 

9. Lapping apparatus including means for 
yieldably supporting and frictionally rotating a 
piece of work having generally circular cross sec 
tions by engagement with the surface of said work 
to be lapped, a lapping tool adjacent said means 
having a reciprocable lapping element engageable 
with said surface and adapted to bear thereon in 
the direction of said yieldable supporting means, 
a member on said tool for drivingly recipro 
cating said lapping element while the latter is in 
engagement with said surface, and mechanism 
for driving said means to simultaneously rotate . 
said work. 

10. Lapping apparatus including means for 
yieldably supporting and frictionally rotating a 
piece of work comprising a pair of adjacent roll 
ers having yieldable peripheral portions between 
portions of which said work is receivable, a Sup 
port adjacent said means, a lapping tool carried 

70 by said support and comprising a lapping element 
engageable with said work and adapted to bear 
thereon in the direction of said means, and mech 
anism for driving said rollers to rotate said work. 

11. Lapping apparatus including means for 
yieldably supporting and frictionally rotating a 
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piece of work comprising a pair of adjacent rollers 
having yieldable peripheral portions between por 
tions of which said work is receivable, a support 
adjacent said means, a lapping tool carried by 
Said Support and comprising a reciprocable lap 
ping element engageable with said work and 
adapted to bear thereon in the direction of Said 
means, a member mounted on said tool for driv 
ingly reciprocating said lapping element, and 
mechanism for driving said rollers to rotate said 
work. 

12. Lapping apparatus including means for 
yieldably supporting and frictionally rotating 
conical and frusto-conical articles comprising a 
pair of frusto-conical rolls having yieldable pe 
ripheral portions, said rolls being so constructed 
as to bring the periphery of one of said articles 
into substantially parallel relationship with re 
spect to said rolls at the side of said articles re 
mote from said rolls when said article is Sup 
ported thereon, a lapping tool comprising a lap 
ping element reciprocably mounted thereon and 
confined for reciprocation in directions Substan 
tially parallel to the axis of said rolls, said lap 
ping element being engageable with the portions 
of the periphery of said article which are substan 
tially parallel with said axis, and mechanism for 
simultaneously drivingly reciprocating said lap 
ping element and rotating said article. 

13. Lapping apparatus comprising a Support, 
means adjacent said support for rotatably Sup 
porting a piece of work, a lapping tool shiftably 
mounted on said support including a main body 
portion and a lapping element and holder as 
sembly, saidlapping element being engageable with 
said work and said assembly constituting only a 
substantially small portion of said tool as com 
pared to said main body portion and being recip 
rocable relative to said main body portion in a 
direction substantially parallel to the axis of Said 
work, and apparatus for drivingly rotating Said 
work, reciprocating said lapping element assem 
bly relative to said main body portion of Said 
tool and reciprocating said tool relative to Said 
support simultaneously. 

14. Lapping apparatus comprising a Support 
and having a guide member thereon, means ad 
jacent said support for rotatably suporting a piece 
of work, a lapping tool shiftably mounted on said 
support and confined by said guide member to 
shifting movements in a path substantially par 
allel to the rotative axis of said work, said tool 
comprising a main body portion and a lapping 
element and holder assembly, said assembly con 
stituting only a substantially small portion of the 
mass of said tool as compared to the main body 
portion thereof and being reciprocable relative 
thereto in a path substantially parallel to Said 
axis, and separate and independent driving 
mechanisms for individually drivingly rotating 
said work, reciprocating said lapping element rel 
ative to said main body portion of said tool and 
reciprocating said tool relative to Said support 
respectively. 

15. Centerless lapping apparatus comprising a 
support, a tool carrier member mounted on Said 
support, a work supporting member adjacent said 
support including a roll for rotatably supporting 
and frictionally rotating a piece of Work, a lever 
mounted at one end portion of said tool carrier 
member and having an end portion registering 
with said work, said registering end portion of 
said lever having a lapping element and holder 
assembly reciprocably mounted thereon, said lap 
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ping element and holder assembly comprising a 
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relatively small mass as compared to the mass of 
said lever and tool carrier member, said lapping 
element being engageable with Work supported 
by said work supporting member, said work sup 
porting and tool carrying members being rela 
tively reciprocable, a driving member for pro 
ducing relative reciprocation of Said members, 

means entirely independent of said driving mem 
ber for drivingly reciprocating said lapping ele 
ment relatively to Said tool carrier member, and 
mechanism entirely independent of said aforesaid 
driving means and member for drivingly rotating 
said roll to rotate said Work. 
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