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UNITED STATES PATENT of FICE 

The present invention relates to honing tools, 
and particularly to honing tools of the auto 
matically controlled type. . 
A principal object of the present invention is 

to provide a honing tool for grinding and finish 
ing external surfaces of objects, such as pistons 
or the like. . . 
A further object of the present invention is 

to provide a honing tool for grinding and finish 
ing surfaces in which the inertia of parts of the 
operating or control mechanism is utilized to 
control the grinding action.. 

It is a further object of the present invention 
to provide a method of and a honing tool for 

5. 

3) 

40, 

grinding or finishing external surfaces embody 
ing means to rotatively drive the tool and to 
simultaneously move the work piece axially of 
the tool. 

It is a further object of the present invention 
to provide a method of and a honing tool for 
grinding and finishing surfaces utilizing mech 
anism to rotatively drive the grinding head of 
the tool, and cooperative means to move the 
work piece axially of the tool and operate trip 
mechanism provided to effect a radial adjust 
ment of the grinding stone within the grinding 
head of the tool. 

It is a further object of the present invention 
to provide a method of and a honing tool for 
grinding and finishing surfaces utilizing mech 
anisms to rotatively drive the grinding head, 
mechanism to effect a reciprocating movement 
between the grinding head and the work piece, 
and independently driven means to operate trip 
mechanism to effect a radial adjustment of the 
grinding stone within the grinding head. 

Further and more particular objects of the 
present invention are to provide a honing tool 
particularly adapted for the grinding and finish 
ing of the external surfaces of objects, such as 
pistons or the like, embodying a rotatively driven 
grinding head, and a table for supporting a 
piston or the like in cooperative relation to the 
grinding head; to provide a tool as just stated, 

55 

in which the grinding head accommodates a 
plurality of radially adjustable grinding stones 
or abrasives; in which the radial adjustment of 
the grinding stones or abrasives may be auto 
matically controlled; in which the radial adjust 
ment of the grinding stones or abrasives is ef 
fected by loading Spring mechanism which acts 
to bias the stones or abrasives into engagement 
with the Surface of the work piece, and in which 
the grinding action may continue until such 
spring mechanism is either partly or entirely 

unloaded; and in which the grinding stones or 
abrasives are carried upon and for rotation by a 
plurality of supporting arms, the radial adjust 
ment of the abrasives being effected through a 
cam connection between the stones and the sup 
porting arms. . 

Further objects of the present invention are to 
provide a method of and a tool for grinding and 
finishing external surfaces of objects, such as 
pistons or the like, in which the Supporting rela 
tion between the tool and the work piece is 
adapted to accommodate itself to misalignment 
between the driving source and the work piece; 
in which the honing tool embodies flexible con 
nections adapted to absorb misalignments be 
tween the driving source and the grinding head; 
in which the supporting table for the work piece 
is flexibly mounted, adapting the work piece to 
absorb finer misalignments between it and the 
grinding head; in which the connection between 
the work piece and the supporting table per 
mits limited universal movement of the work 
piece with respect to the table. 

Further objects of the present invention are to 
provide a honing too, particularly adapted for 
grinding and finishing external surfaces of ob 
jects such as pistons or the like embodying means 
to simultaneously reciprocate and rotate the 
grinding head with respect to the work piece, 
and in which the reciprocation of the grinding 
head operates trip mechanism to effect an initial 
adjustment of the radial positions of the grind 
ing stones or abrasives; in which, alternatively, 
the grinding head is stationarily located, and the 
work piece is reciprocated, the reciprocation of 
the work piece controlling trip mechanism to 
effect the radial adjustment of the Stones; in 
which, as a further alternative, the operation of 
the trip mechanism is operated independently 
of the rotative and reciprocatory movements be 
tween the grinding head and the work piece. 

Further objects of the present invention are 
to provide a method of and a honing tool for 
grinding and finishing the external surfaces of 
objects such as pistons or the like, embodying a 
rotatively driven grinding head, and an inertia 
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controlled member adapted to control the radial 
adjustment of the grinding stones or abrasives; 
in which the inertia member is connected to the 
grinding stones or abrasives through spring 
mechanism disposed to be loaded by the inertia 
member, and to bias the grinding stones or 
abrasives into engagement with the work piece; 
in which the inertia member is disposed to be 
rotated bodily with the grinding head during 55 
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operation of the tool, and in which, in starting, 
the inertia drag of the inertia member effects a 
corresponding movement of an adjusting men 
ber which in turn loads the above stated Spring 
mechanism; in which, as an incident to stopping 
the tool, the energy stored in the inertia mem 
ber effects an automatic resetting of the tool, 
withdrawing the grinding stones or abrasives 
from engagement with the Work piece. 

Further objects of the present invention are to 
provide a method of and honing tool for grind 
ing and finishing surfaces as stated generally in . 
the previous paragraph, and in which the tool 
comprises generally an inner sleeve and a rota 
tively driven outer sleeve, the inner sleeve being 
relatively movable with respect to the outer sleeve 
under the influence of the inertia member to ef 
fect the radial adjustment of the grinding stones 
or abrasives; in which the Outer sleeve is dis 
posed for connection to a suitable external source 
of power and effects the rotation of the grinding 
head in which are carried the grinding stones or 
abrasives; in which the adjusting motion between 
the inner and outer sleeves occurs longitudinally 
of the tool, and effects a radial movement of 
the grinding stones with respect to the grinding 
head and the work piece; in which the inner and 
outer sleeves are connected together to rotate 
simultaneously and in which the driving con 
nection between the inner and outer sleeves is 
effected through the inertia member, the inertia, 
member being rigidly connected to the inner 
sleeve and being connected to the outer sleeve 
through a cam and cam track relationship. 

Further objects of the present invention are to 
provide a honing tool adapted for connection at 
a point intermediate its ends to a source of power 
for driving the same; and to provide a honing tool 
as just stated, embodying an Outer or driving 
sleeve and adjusting mechanism positioned in 
teriorly of said driving sleeve. 
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Further objects of the present invention are to 
provide a honing tool embodying driving and 
grinding elements, adapted to operate upon work 
pieces of substantially greater length than the 
length of the grinding elements; to provide a 
tool of this character embodying grinding and 
driving elements positioned in relatively spaced 
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axial relation, in which the driving elements are 
of tubular construction and permit a work piece 
to be slipped longitudinally therethrough. 
With the above and other objects, which appear 

in the following description and in the appended 
claims, illustrative embodiments of the present 
invention are shown in the accompanying draw 
ings, throughout the several views of which cor 
responding reference characters are used to des 
ignate corresponding parts, and in which: 

Figure 1 is a perspective view in front elevation 
of an external grinding tool embodying the pres 
ent invention; 

Fig. 2 is a detail view in front elevation, partly 
in section, of the tool shown in Fig. 1; 
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Fig. 3 is a fragmentary detail view, in vertical 
section, taken along the line 3-3 of Fig. 2; 

Fig. 4 is a fragmentary view in vertical section, 
taken along the line 4-4 of Fig. 2; 

Fig. 5 is a detail view in horizontal Section tak 
en along the line 5-5 of Fig. 4; 

Fig. 6 is a view in vertical central Section of a 
modified construction of grinding head; 

Fig. 7 is a fragmentary view in horizontal sec 
tion, taken along the line - of Fig. 6; 

Fig. 8 is a fragmentary view in horizontal sec 
tion, taken along the line 8-8 of Fig. 6; 

2,116,922 
Fig. 9 is a partial view in elevation, illustrating 

a modification of the structure shown in the pre 
ceding figures; 

Fig. 10 is a partial view in front elevation, illus 
trating a further modification of the structure 
shown in the preceding figures; 

Figs. 11 and 12, taken together, constitute a 
view in vertical central section of an inertia con 
trolled grinding tool, Fig. 11 representing the 
upper portion of the tool, and Fig. 12 represent 
ing the lower portion of the tool; 
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Fig. 13 is a detail view in horizontal section, 
taken along the line 3-3 of Fig. 12; 

Fig. 14 is a partial perspective view based upon 
Fig. 11 and illustrating the connection between 
the inertia member and a part of the driving 
mechanism for the tool; 

Fig. 15 is a view in horizontal section, taken 
along the line 5-5 of Fig. 14; and 

Fig. 16 is a fragmentary view illustrating the 
application of the improved honing tool to the 
grinding and finishing of relatively long objects. 
In certain of its broader aspects, the present 

invention is directed particularly to extending the 
field of application of honing tools of the general 
type heretofore used in the grinding and polish 
ing of internal surfaces of objects, such as cylin 
ders and the like, to the grinding and polishing of 
external surfaces of objects, such as pistons or 
the like. Concerning these aspects of the present 
invention, an important feature thereof is the 
provision of an improved honing tool grinding 
head, embodying a plurality of expansible and 
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contractible grinding stones or abrasives, which 
are carried upon one or more radially adjustable 
arms and are movable thereby from between con 
tracted or working positions in engagement With 
the surface of the work piece and expanded or 
released positions out of engagement with the 
work piece. Several alternative external grind 
ing head structures are shown in the drawings to 
illustrate the invention. 
In the use of the improved grinding head of 

the present invention, the relative motion between 
the grinding head and the work piece may be ef 
fected in various ways. In accordance with one 
illustrated embodiment, the workpiece is station 
arily Supported and the grinding head is both 
rotated and reciprocated with respect to the Work 
piece. In another embodiment the grinding head 
is rotated and the workpiece is reciprocated with 
respect to the grinding head during rotation of 
the latter. 

Similarly, in accordance with the present in 
vention, the control mechanism for moving the 
grinding stones or abrasives from between the 
working and released positions, preferably auto 
matic, is controlled in various ways. In accord 
ance with certain of the illustrated embodiments, 
mechanism is used similar to that described and 
claimed in the patent to Jeschke No. 1,944,660, 
granted January 23, 1934, and assigned to the as 
signee of the present application. 
In other illustrated embodiments of the pres 

ent invention, the movements of the grinding 
stones or abrasives between the grinding or re 
leased positions are automatically controlled in 
accordance with an inertia principle and the 
adaptation of this principle to honing tools in 
general is of itself regarded as one of the broader 
features of the present invention. In the form 
illustrated, the honing tool is provided with what 
may be called an inertia wheel, which effects the 
movement of the grinding Stones between the 
Working and released positions through an inter 

35 

40 

45 

50 

55 

60 

65 

70 

s 

  



0 

5 

20 

25 

30 

40 

2,116,922 
mediate sleeve to which it is secured and which 
extends through the tool to the grinding head. 
The inertia member is connected to an outer or 
driving sleeve of the driving head of the tool 
through a can and can track relationship. In 
Starting the tool, the inertia of the inertia mem 
ber causes it and the adjusting sleeve to drag or 
lag behind the movement of the driving sleeve. 
his drag or lag, through the cam and cam track 

relation, causes a longitudinal movement of the 
adjusting sleeve within the driving sleeve and 
effects a corresponding movement of the grinding 
stones. In stopping the tool, the energy stored in 
the inertia member tends to continue it in mo 
tion and this tendency is utilized to reset the 
stones to the released position by effecting an op 
posite longitudinal movement of the adjusting 
sleeve. 
The last mentioned embodiment of the present, 

invention is further advantageous in that it is 
readily adaptable to the grinding of objects hav 
ing lengths greater than the length of the grind 
ing head, such as shafts and the like. The tool 
body is made tubular in form and the driving 
power is applied at a point intermediate the ends 
of the tool and to an outer or driving sleeve. With 
this arrangement, the tool may either be fixed 
in position axially and rotated or may be both 
rotated and reciprocated, the shaft or other rela 
tively, long objects being operated upon being 
slipped entirely through the driving parts, of the 
tool as well as through the grinding head of the 
tool. 
Considering the above mentioned elements in 

more detail, and referring first to Figs. 1, 2, 3, 4 
and 5, a Specific embodiment of the present in 
wention is shown which may be characterized as 
a honing tool embodying interconnected driving 
and grinding parts, the driving head effecting a 
rotation and reciprocation of the grinding head 
with respect to a stationarily supported work 
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piece. The grinding head may be characterized 
as comprising a plurality of grinding stones or 
abrasives carried upon a pair of adjusting arms 
which are radially adjustable to thereby move 
the grinding stones from extended or released 
positions to contracted or work engaging posi 
tions. The contraction and expansion of the 
grinding stones is illustrated as controlled by 
mechanism similar to that described and claimed 
in the above identified Jeschke patent and com 
prising tripping fingers carried by the driving 
head for cooperation with a tripping plate. The 
cooperation between these members causes the 
adjusting arms to be moved through a suitable 
loading spring to a contracted or working posi 
tion, Or to be released to an expanded or released 
position. 

General Construction-Figure 1 
Referring first to Fig. 1, representing a general 

elevational view of the just mentioned embodi 
ment, the honing tool designated generally as 20 
comprises a driving head 22, intermediately posi 
tioned adjusting elements designated generally 
as 24, and a grinding head designated generally 
as 26. The driving head 22 is adapted for con 
nection, through a readily detachable bayonet 
type joint, to a suitable external source of power 
represented by the spindle 39 and which, it is to 
be understood, is effective to simultaneously ro 
tate and reciprocate the entire tool 20 with re 
spect to the illustrative work piece 32, the recip 
rocatory movement including a working range 
throughout which the grinding stones within 

3 
head 2 are continuously in engagement with the 
work piece 32, as well as a starting position illus: 
trated in Fig. 1, outside of such working range. 
in its rotary and reciprocating movement the 
head 26 is guided within a sleeve 34, suitably Se 
cured upon the main machine frame 36. 
The illustrative work piece 32, representing a 

conventional piston of an internal combustion 
engine, is carried upon a support 38 and table 4, 
the connection between these elements being 
such as to permit a certain amount of universal 

0 

movement of piston 32 and thus compensate for 
any minor misalignment between it and the 
grinding head 26. The supporting structure for 
piston 32 is illustrated as carried upon a bed 
plate 42, adjustable transversely of the main ma 
chine frame 36, to facilitate the insertion and 
removal of work pieces from the machine. 
As illustrated, the grinding mechanism is of the 

machine type, which may, as will be evident, be 
arranged to maintain correct alignment between 
the tool 20 and the power source. Alternatively, 
it will be understood that suitable universal joint 
mechanism, including the joint 28, may be pro 
vided to absorb any misalignment that may de 
velop between the tool 20 and the power source. 

Grinding head-Figs. 2, 3, 4 and 5 
Considering the feature of the grinding head 

in more detail and referring particularly, to Figs. 
2, 3, 4 and 5, a plurality of grinding stones or 
abrasives 50 are individually and suitably secured 
within backing members 52. The grinding stones 
themselves may be of conventional construction 
and composition and though only four of them 
are illustrated, it will be obvious that other num 
bers of them may be utilized in practice. The 
upper and lower ends of the backs 52 are pro 
vided with hooklike extensions 54, each of which 
receives one end of a spring 56. The other ends 
of springs 56 in turn are secured upon blocks or 
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stone holders 58 which may be formed integrally 
with or suitably secured to a pair of similar and 
oppositely disposed adjusting arms 60. It will be 
understood that the springs 56 act in a direction 
to retain the stones and the backing members 
within the stone holders 58. Where the stone 
holders 58 are formed separately from the ad 
justing arms 60, they may be secured thereto by 
Studs 6 and one or more centering pins, such as 
62, are preferably provided which extend through 
the arms 60 and into the stone holders 58 to prop 
erly position the members with respect to each 
Other, - 

Each of the adjusting arms 60 is of generally 
right angle shape and the relatively longer leg of 
each arm 60 is guided for limited movement 
transversely of the grinding head within a corre 
Sponding recess 68. The recesses 68 are formed 
in the downwardly extending legs 70 of a drive 
yoke 2. The arms 60 are retained within the 
reeesses 68 by plates 74 which are secured upon 
the inner faces of the legs 70 by the countersunk 
Screws 6. 
The adjusting movements of the arms 60, 

transversely of the legs 70, is controlled by a pair 
of similarly formed adjusting rods 80 which are 
interconnected at their upper ends by a cross bar 
82 and the adjacent lower faces of which are cut 
away to provide recesses 84 into which the outer 
faces of the arms 60 extend. Rods 80 are posi 
tively guided but freely slidable within corre 
sponding openings formed in the legs 70, which 
openings communicate with the previously men 
tioned recesses 68. 
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4. 2,116,922 
angularly disposed cams extend fron the bases of 
the recesses 84 and may either be formed inte 
grally with the rods 80 or suitably secured thereto, 
as will be understood. The cams 86 are slidably 
received in correspondingly angled grooves or , 
keyways 88 formed in the outer faces of the arms 
60. The rods 80, and thus the stones and their 
Supporting mechanism, are biased to and nor 
mally retained in their retracted or released posi 
tions by compression springs 90 which surround 
rods 80 and are seated between cross bar 82 and 
recesses 92 in yoke 2. 
With this arrangement, and with reference to 

Fig. 2, it will be understood that downward nove 
ment of the rods 80 with respect to the drive yoke 
72, causes the adjusting cams 86 to move down 
Wardly within their associated grooves 88 and 
effect a corresponding horizontal or transverse 
movement of the arms 60. The relation of the 
parts is such that downward movement of the 
arms 80 causes a contracting movement of the 
arms 60, bringing the stones 50 into a contracted 
Ör work engaging position. Similarly, an upward 
movement of the rods. 89 with respect to the yoke 
72 effects an opposite movement of the adjusting 
arms 60, causing the latter to expand or retract 
the stones 56 out of engagement with the work. 
Arcuate plates 3 are secured by countersunk 

Screws T5 to the edges of the legs () of yoke 2 
and act to generally enclose the grinding head, 
as well as to form stops which positively limit the 
stone contracting movements of the arms 60 when 
engaged by the outer ends. TT of the latter. As 
previously mentioned, the grinding head 26 is 
guided within a circular sleeve 34 suitably secured 

Preferably, a plurality of 
cork guide strips, such as 79, of the type described 
and claimed in the patent to Kirke W. Connor, 
No. 1939,205, issued December 12, 1933, and as 
signed to the assignee of the present application, 
are secured to the Outer faces of the legs 0 and 
extend slightly therefrom into engagement with 
the inner surface of the sleeve 34. 

Referring particularly to Figs, 2 and 4, the driv 
ing yoke 72 is provided at its upper. end with a 
Centrally disposed internally threaded opening 
100 which receives the correspondingly threaded 
lower end of the main drive shaft 02 to form a 
positive driving action between the grinding head 
and the drive shaft. The grinding stones 50 and 
supporting parts, though movable axially of yoke 
72, as above described, are driven in rotation 
thereby through the driving connection afforded 
between the rods 80 and the legs O of the yoke 2. 
The shaft O2 extends directly upwardly through 
the tool and terminates in the previously men 
tioned bayonet type drive connection 28. 
The automatic control mechanism 24 for rods 

80, illustrated as similar to that described and 
claimed in the above described Jeschke Patent 
No. 1,944,660, comprises generally the cam plate 
flo, the trip fingers f2, the cam ring 4, sleeve 

6, collar 8 and the caged spring 20. The trip 
plate O is suitably supported upon the main 
machine frame 36, as best shown in Fig. 1. The 
trip fingers 2, a plurality of which are Spaced 
around the tool, are pivotally supported by pins 
20 upon a collar 22, the tubular shank 24 of 
which is freely fitted over the downwardly ex 
tending shank of an adjusting collar 26. The 
lower ends of the fingers 2 are supported in an 
annular recess cut in the surface of ring 4 and 
having the sloping cam side 3. Collar 26 is 
threaded onto shaft 2 and may be locked in a 
selected position of adjustment axially of Shaft 

02 by the lock nut 28. A ball bearing unit 30 
seated between collar 26 and the upper edges of 
collar 22 and a strengthening sleeve 32, forms 
a freely rotatable connection between shaft fo2 
and the collar 22, which also limits relative axial 
movement in one direction therebetween. 
Sleeve 6 is provided with an upper restricted 

portion 34 and a lower enlarged skirt portion 
f36. Portion f34 freely fits over shaft O2, is 
externally threaded and is provided with an ax 
ially extending cxternal keyway 38. Cam ring 
4 is supported upon portion 134 in a selected 

position of adjustment through collar 40 and 
balls 4, collar f40 being threaded upon por 
tion 34 and balls 4 forming a detent type con 
nection between ring 4 and collar 40. Balls 
4f are retained in place by a member 42 hav 

ing a finger which enters the keyway 38. By 
retaining ring f 4 stationary with respect to por 
tion 34 and rotating collar f40, an adjustment 
is effected which is conveniently measured by the 
Snapping of the balls 4 from one recess within 
collar f40 to another. - 
Spring f2O is caged between a collar 44 and 

the upWardly extending rim of the previously 
mentioned collar 8 and is freely received with 
in the skirt portion 36. A supplementary limit 
to compressive movements of spring 20 is af 
forded by a ring 46 secured upon the bottom of 
collar 44. A freely rotatable connection between 
collar 44 (and hence spring 20) and sleeve f6 
is afforded by the ball bearing unit f47. A non 
rotatable connection between collar if 8 (and 
hence spring 20) and cross bar 82 is afforded by 
the tongue 48 which extends downwardly from 
collar 8 into a corresponding recess within bar 
82. 
With the above arrangement, it will be under 

stood that the adjusting mechanism comprising 
the fingers ff2, cam ring f4, sleeve 6, spring 
20 and collar 8 is supported in axial position 
upon the tool between the previously mentioned 
stop, collar f26 and the cross bar 82, which, as pre 
viously stated, is urged upwardly with respect to 
shaft fo2 by the compression springs 90 which 
Surround the rods 80. The position of the just 
mentioned assembly axially of shaft O2 is deter 
mined by the adjustment of stop collar 126. The 
effective length thereof is determined by the ad 
justment of sleeve 6. Sleeve 6 and collar 26 
may thus be set to provide any desired initial 

metral Spacing between the grinding stones 
50, 

It will also be understood that a downward 
movement of the tool with respect to the cam 
plate ?o causes the upper end of the tripping 
fingers 2 to move inwardly with respect to the 
tool and the lower end thereof to move outwardly 
with respect to the tool along the cam surface 
f 3 of the cam ring f f4. This camming move 
ment causes cam ring 4, sleeve ffs and the col 
lar f44 to move downwardly with respect to shaft, 
02. This movement is transmitted to collar 8, 

cross bar 82 and consequently the adjusting rods 
80, through the caged spring 120. In operation, 
when the grinding stones associated with the rod 
80 engage the surface of the work piece, their 
inward movement is thereby interrupted and 
continued downward adjusting movement as 
above stated is absorbed in compressing the caged 
spring 20 between the collar 18 and the collar 
44. During the grinding action, accordingly, 
the grinding stones are continuously urged into 
engagement with the surface of the work piece as 
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piece 32 or by correspondingly lowering the work 
table 4). Arrangements for alternatively accom 

by the force exerted by the compressed caged 
spring 20. The grinding action ceases auto 
matically when the stones have moved inwardly 
far enough, as a consequence of the grinding 
away of the surface of the workpiece, to release 
spring 20 to its free position. The final diam 
etral spacing between the stones 50 is deter 
mined by the degree of movement of the fingers 
2 by the plate 0, proper proportioning of 

which last mentioned elements permits grinding 
to precise dimensions. 

It will also be understood that of the adjusting 
elements, the caged spring 20, collar 44 and 
collar 8 rotate with the shaft 02 but the cam 
fingers 22, cam ring f4 and sleeve 6 remain 
stationary. This arrangement avoids any rela 
tive rotative movement between the can plate 

O and the tripping fingers 2 and in this re 
spect the adjusting mechanism of the present in 
vention is regarded as an improvement over the 
corresponding mechanism shown in the above 

Support for work piece-Fig. 2 
Considering the mounting for the work piece 

32 and referring particularly to Fig. 2, a trans 
verse pin 50 passes relatively freely through the 
Wrist pin openings 52 in the side walls of piston 
32 and also extends through a transverse opening 
58 formed near the upper end of a standard 56 
and is retained in place therein by the spring 
pressed detents 58, which are received within a 
transverse opening therein and seat against cor 
responding recesses formed in the walls of the 
opening 54. Opening 54 is somewhat larger 
than the outside diameter of pin 50 and permits 
a certain amount of universal movement between 
piston 32 and standard 56. The base of piston 
32 rests upon the previously mentioned support 
ing collar 38 which surrounds standard 56 and 
is supported thereon by a spring 62. Spring 62 
is seated between collar 38 and the rim of the 
previously mentioned table 40, which is station 
arily secured to the machine frame by the studs 
66. The downwardly extending apron 68 of 

collar 38 is provided with an elongated opening 
T G which receives a stud f2 secured to table 

40. Stud 72 permits relative movement between 
support 38 and table 40, but imposes a limit on 
such movement. It will be noted that the inner 
edges of the wrist pin openings 52 are spaced 
slightly from the outer edges of the standard 
56, thus permitting a limited amount of trans 

verse movement between piston 32 and standard 
56, but imposing a positive limit upon such 
movement. with the general arrangement as just de 
scribed, it will be apparent that piston 32 is 
resiliently supported upon the table 40 through 
the spring 62 and is retained in general axial 
alignment therewith through the standard 56. 
The resilient mounting, which permits piston 32 
to tilt somewhat, as well as to move transversely 
somewhat with respect to the table" 40, enables 
it to adjust itself to any minor misalignment 
which may exist between table 40 and the axis 
of the honing tool. 

Operation as a whole-Figs. 1 through. 5 
Considering the operation of the above de 

scribed embodiment of the present invention as 
a whole, it will be understood that a workpiece 
may be introduced into working position by rais 
ing the tool so that the lower limit of the grind 
ing head 26 is above the upper limit of the work 
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plishing these functions are Well known and form 
no part of the present invention. The grinding 
stones 50 normally occupy the expanded or re 
leased positions, as previously stated, and so do 
not interfere with the initial positioning op 
erations. 
Depending upon the type of drive for the tool, 

the rotative and reciprocatory movements there 
of may be started simultaneously. In moving 
downwardly over the work piece 32 the tripping 
fingers f2 are brought into engagement with 
the tripping plate and are cammed thereby 
in a direction to move the lower ends thereof 
outwardly of the tool. This camming movement 
effects corresponding downward movement of the 
cam ring 4 with respect to the shaft 02 car 
rying with it the sleeve 6 and the spring cage 
64 into engagement with the load spring 20. 

This movement is transmitted through spring 
f 20, to rods 80, stone supporting arms 60, and 
stones 50. When stones 50 engage the Work 
piece, continued camming movement compresses 
spring 20, loading it to a predetermined degree. 

It will be understood that during the grinding 
action, the tripping fingers ff2 move between the 
upper and lower limits of the cam plate ff0 
and so continually retain the cam ring 4 and 
associated parts in the tripped position. 
As the grinding action continues and the diam 
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eter of the work piece 32 is gradually reduced, 
the grinding stones 50 are continuously urged into 
contact with the work by the force exerted by 
spring 20. When such force is expended or is 
balanced by the forces of the Supporting Springs 
90, the grinding action is complete. 
Upon withdrawal of tool. 20 upwardly, fingers 
2 are released from plate O and are cammed 

along surface, 3 to their illustrated positions 
under the influence of springs 90 which carry with 
them rods 80 and thus expand the stones 50 
out of engagement with the work piece 32. 

Modified grinding head-Figs. 6, 7 and 8 
Figs. 6, 7 and 8 illustrate a modified construc 

tion of grinding head in which the contracting 
and expanding movements of the grinding stones 
occur in directions respectively normal to the 
surface of the work piece, and in which the 
adjusting rods act to move the grinding stones 
into work engaging position, and additional 
mechanism is provided to continuously urge the 
stones to work releasing position, and in certain 
cases, to also permit limited flexibility of the 
stones within the grinding head. 
In Figs. 6, 7 and 8 the grinding head, desig 

nated generally as 20, comprises a cylindrical 
driving yoke having the downwardly extending 
skirt portion 202 and substantially enclosed upper 
end 204, which is apertured at 206 to threadably 
receive the correspondingly threaded shank 208 
of the main drive shaft 20. Shaft 2 ?o may 
correspond in all respects to the previously de 
scribed drive shaft O2 and be similarly con 
nected to a source of power. The surface, of 
the downwardly extending skirt 262 is provided 
with a plurality of equally spaced rectangular 
recesses 22, which correspond in number to the 
number of grinding stones for which the head 
is designed and which slidably receive the ad 
justing rods 24. Rods 24 are connected at their 
upper ends by a spider plate 26 which corre 
sponds in function to the previously described 
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edge of the skirt 202 by studs 246 through com- . 
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cross bar 82 and may be connected to the ad 
justing control mechanism in the manner de 
scribed in connection with cross bar 82 (Figs. 1 
through 5). Compression springs 28 are inter 
posed between the underside of plate 200 and the 
upper surface 204 of the yoke and act to con 
tinuously urge the adjusting rods 24 to posi 
tions corresponding to released or retracted po 
sitions Of the grinding Stones. The adjusting rods 
24 are retained within the recesses 22 by plates 
220 which are suitably secured to the outer face 
of the skirt 202 by the countersunk studs 222. 
The inner faces of the adjusting rods 24 are 

angled at the lower ends thereof to provide cam 
surfaces 224 which cooperate with correspond 
ingly formed ends 226 of the shanks 228 of stone 
holders 230. The shanks 228 are slidably re 
ceived within corresponding transverse recesses 
232 formed in the skirt 202 and which communi 
cate with the previously described recesses 22. 
The grinding stones or abrading elements 236 
which may be of conventional construction and 
Composition, are suitably Secured upon the inner 
faces of the stone holders 230. 
In certain instances it is considered desirable 

that shanks 228 fit snugly within recesses 232, 
to thus afford a positive aligning connection 
between the stone holders 230 and the yoke. 
In certain other instances it is considered de 
sirable to provide a relatively loose fit between 
shanks 228 and openings 232, thus permitting 
a certain amount of relative aligning motion 
between the stone holders 230 and the yoke, 
and to control this motion by the spring pressed 
plungers 234 which are 
below. 
The stone holders 230 and consequently the 

grinding stones. 236 are continuously urged to 
expanded or work releasing positions by a series 
of spring pressed plungers 234, the outer surfaces 
238 of which are angled to have a camming action 
upon the upper and lower, ends of the inner faces 
of the stone holders. The upper plungers 234 are 
connected to the underside of the surface 204 of 
the driving yoke through compression springs 240 
which are seated between recesses formed in the 
plungers and corresponding recesses formed in 
the surface 204. Guide pins 242 are preferably 
provided to guide the springs 240. The lower 
plungers 234 are correspondingly supported upon 
a base plate 244 which is secured to the lower 

pression springs 248 which are seated between 
recesses formed in the plate 244 and in the plung 
ers 234 respectively. 
The springs 240 and 248 preferably have sim 

ilar characteristics and are given the same initial 
compressions so that, even though the fit be 
tween shanks 228 of the stone holders and the 
skirt 202 is relatively loose to permit motion be-, 
tween these parts, the springs act to maintain 
the stones 236 in proper alignment with respect to 
the work piece. - 

Preferably and as illustrated, the grinding head 
200 is guided within a sleeve having inner and 
outer concentric members 250 and 252. The in 
ner and outer members. 250 and 252 are con 
nected together through one or more sets of radial 
ball bearings 254 and the outer member 252 is 
adapted to be stationarily secured in the manner 
described in connection with the sleeve 34 of 
Figs. 1 through 5. The inner member 250 is 
adapted to rotate with the grinding head 200 but 
is preferably secured against axial movement. 

described in more detail 
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The connection between the grinding head 200 
and the inner sleeve 250 is preferably effected 
through a series of Vertically disposed guide strips 
255 of the type described and claimed in the above 
identified patent to Kirke W. Connor, No. 
1939,205. The guide strips 255 are secured with 
in shells 257, and the outer surfaces thereof fric 
tionally engage the inner surface of the sleeve 
250. The connection thus afforded permits rela 
tive axial movement between the grinding head 
200 and the sleeve 250 in cases where the grind 
ing head is reciprocated and also forms a resilient 
connection between the two which resists radial 
movement of the grinding head within the Sup 
porting sleeve structure. The upper and lower 
ends of the backing shells 257 are provided with 
upper and lower inwardly extending similar pins 
259. The upper pins of each shell are received 
in recesses in the outer faces of the fingers 26 
of a spider, the base 256 of which is generally cir 
cular and fits over the upper edge 204 of the drive 
yoke. The spider may be Secured in place by the 
studs 258. The lower pins 259 are received in re 
cesses formed in the outer surface of the skirt 202. 
It will be noted that the number of the guide 
strips 255 corresponds to the number of the abrad 
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ing stones and that the abrading stones and guide 
strips are disposed in alternate relation around 
the grinding head. 
The work piece 32, illustrated as a conven 

tional piston, may be supported upon a standard 
260 through a pin 26 in the manner previously 
described. In this instance the base of the pis 
ton 32 is supported upon a collar 262 which in 
turn is supported through a spring 264 upon a 
plate 266 which surrounds the base of the stand 
ard 260. Collar 262 is preferably provided with a 
downwardly extending skirt 268 which acts to en 
close the movable parts of the Supporting struc 
ture. Standard 260 may be either stationarily 
supported or may be connected to mechanism to 
effect reciprocation thereof with respect to the 
grinding head 200. As in the previously described 
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embodiment, the supporting structure for piston . 
32 permits a certain amount of universal move 
ment of the piston 32 with respect to the support, 
thus allowing it to take up any minor misalign 
ment which may occur between the support and 
the honing tool. 
In operation the grinding head 200 may either 

be rotated through shaft 20, or both recipro 
cated and rotated therethrough, In the former 
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case, the grinding head 200 and the inner guid 
ing sleeve 250 are relatively stationary and the 
rotation between these members and the outer 
guiding sleeve 252 occurs through the ball bear 
ing units 254. In the latter case the grinding 
head and the inner guiding sleeve 250 reciprocate 
with respect to each other, the movement being 
taken up through the. guide strip 255, the rota 
tion again being through the ball bearings 254. 
As in the previously described embodiment, the 

placing in operation of the tool results in the 
downward movement of the adjusting rods 24 
with respect to the drive yoke. Through the cam 
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surfaces 224 and 226, this movement results in , 
an inward or work engaging movement of the 
grinding stones, bringing the latter members into 
engagement with the surface of the work piece. 
This latter movement also pushes the upper 
plungers 234 upwardly and the lower plungers 
23 downwardly against the force of the associ 
ated compression springs 240 and 249. 
At the completion of the grinding operation, 

the adjusting rods 2 f4 are released and permitted 
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to rise to their original positions under the in 
fluence of their supporting springs 28. The up 
Ward movement of adjusting rods 24 is accom 
panied by an outward movement of the stone 
sers 230 under the influence of the plungers 
4. v 

Modified embodiments-Figs. 9 and 10 
Referring particularly to Figs. 9 and 10, modi 

fied embodiments of the present invention are ill 
lustrated, which distinguish from the previously 
described embodiments in that while the tool is 
driven in rotation as before, it is fixed axially, 
and the relative reciprocation between the tool 
and the work piece is effected by reciprocating 
the workpiece. 

In Fig. 9, the tripping plate, which actuates 
the previously described tripping fingers to con 
trol the expansion and contraction of the grind 
-ing stones, and the mechanism for reciprocating 
the workpiece, are interconnected and so move as 
a unit. As an alternative, in Fig. 10, the mecha 
Inism for reciprocating the work and the mecha 
nism for actuating the trip plate are independ 
ently movable, thus adapting the structure to 
the improvement disclosed and claimed in the co 
pending application of Kirke W. Connor, and the 
present applicant, Serial No. 43,932, filed October 
7, 1935 and assigned to the assignee of the present 
application. In certain of its aspects, the Connor 
et al. structure may be characterized as providing 
for the contraction and expansion of the grinding 
stones between the work engaging and released 
position only while the tool is within the working 
range with respect to the work piece. 

Fig. 9, a honing tool 20, which may and prefer 
ably does correspond in all respects to the corre 
sponding hoing tool described in connection with 
Figs. 1 through 5, and having a grinding head 
26 guided within sleeve 34, is provided with a 
driving head 28, through which it may be con 
nected to a suitable external source. An illus 
trative work piece 32 is carried upon a support 
38 and table 40, and may be associated therewith 
as described in connection with Figs. 1 through 5. 
Table 40 is secured by studs 300 upon a base 302, 
which, in turn, is connected to a drive member 304 
by which it may be reciprocated with respect 
to the grinding head 26 in any suitable manner. 
The machine portion 302 also carries standards 
306 to the upper ends of which the previously de 
scribed trip plate to is secured by nut 308. 

In Operation, after starting the tool. 20 in ro 
tation, the workpiece 32 may be moved upwardly 
with respect thereto, bringing work piece 32 and 
the grinding head into the relative working range. 
thereof. Prior to the arrival of work piece 32 
within the working range, with respect to grind 
ing head 26, the upper edge of the upwardly mov 
ing trip plate to engages the fingers ff2, and this 
effects the contraction of the grinding stones 
within head 26 to work engaging position in the 
manner described in connection with Figs. 1, 2, 
3, 4 and 5. Also, in the manner described in 
connection with the earlier figures, fingers ff2 are 
continuously engaged by trip plate to throughout 
the operation of the tool. 

Referring particularly to Fig. 10, the rods 306, 
which support the trip plate to, are freely slid 
able through openings 30-provided therefor in 
the frame portion 302. With this arrangement, 
it will be evident that the upward movement of 
the work piece 32 with respect to the grinding 
head 26 may occur independently of the move 
ment of the trip plate to into tripping engage 

threaded upon the sleeve 322. 
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ment with the fingers ff2. A preferred mode 
of using the structure of Fig. 10 is to delay the 
engagement between the trip plate f and the 
fingers 2 until after the work piece 32 is within 
its working range with respect to grinding head 
26, to withdraw the trip plate 10 from engage 
ment with the fingers 2 before the work piece 
32 is withdrawn from such working range. As 
stated above, certain of the broader aspects of 
thus independently controlling the tripping action 
are claimed in the above identified co-pending 
Connor and Bleasdale application. 

Modified embodiments-Figs. 11 through 15 
The embodiment of the present invention illus 

trated in detail in Figs. 11 through 15 dis 
tinguishes principally from the previously de 
scribed embodiment in that an inertia principle 
is utilized in controlling the expansion and con 
traction of the grinding stones between the work 
engaging and released positions, and also in that 
the tool is arranged for connection at an inter 
mediate point along its length to an external 
source of power. The latter feature is of general 
advantage, but is particularly useful in that it 
permits the use of a tubular or hollow too con 
struction which may readily be adapted to the 
grinding and polishing of objects which are rela 
tively long in comparison to the length of the 
grinding head. This feature is described in more 
detail in connection with Fig. 16. 

Referring particularly to Figs. 11 and 12, the 
improved honing tool comprises generally inner 
and outer concentrically positioned and tele 
Scopically related sleeves 320 and 322. The oute 
or driving sleeve 322 is suitably rotatably sup 
ported in bearings 324 and 326, which may form 
part of or be suitably secured in stationary rela 
tion upon the machine frame. Roller bearing 
units 328 and 330, of the combined radia and 
thrust type, are preferably interposed between 
the bearings 324 and 326 and the outer sleeve 322. 
The outer rings 332 of the roller bearing unit 328 
are retained in spaced relation by a rib 334 which 
extends inwardly from a bushing 336 which is 
preferably press fitted within the bearing 324. 
The inner rings 338 of the roller bearing unit 32. 
are secured in place axially of the outer or driving 
sleeve 322 by the engagement between the lower 
end of one of the rings with the shoulder 30 
formed in sleeve 322, the previously mentioned 
rib 334, and a pair of lock nuts 342, which are 

The roller bearing 
units 330 are correspondingly secured in position 
axially of the outer sleeve 322 and the bearing 326 
by the pair of lock nuts 344, the recess 346, the 
base of which supports a shoulder 348 formed in 
the inner ring of the lower ball bearing ring, 
and the rib 350 which extends inwardly from the 
bearing 326. An additional thrust bearing unit 
325 secured between a snap ring 323 fitted in 
Sleeve 322 and a protective cover 32 secured to 
bearing 324, is preferably provided to supple 
ment bearings 328 and 330. A protective collar 
32 is preferably fitted over snap ring 323 and 
the bearing unit 325. 

Preferably and as illustrated, the power for 
rotating the outer or driving sleeve 322 is applied 
thereto at a point intermediate the two bearing 
supports 324 and 326 and may be of various types. 
such, for example, as V-sheaves driven by suit 
able belts. In the drawings a bevel gear 352 is 
illustrated as suitably keyed by key 354 to driv 
ing sleeve 322 in driving relation to a bevel gear 
356. The latter gear is carried upon a shaft 358 
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which may be rotated from any suitable external 
Sce 
As illustrated, , the driving head illustrated 

generally as 360, comprises a bifurcated driving 
yoke 362 and having the downwardly extending 
diametrically opposed legs 36 connected by seg 

- mental members 365. The yoke 362 is provided 
with a central opening in the top thereof through 
which the outer driving sleeve 322 may be slipped. 
In assembled relation the yoke 362 is fixed in 
position axially of sleeve 322 by the engagement 
between the stepped shoulders 368 thereof with 
the correspondingly stepped shoulders 370 formed 
at the lower end of sleeve 322. The upper edge 
of yoke 362 is slightly spaced from a cover plate 
366 suitably secured to the under side of the 
bearing 326. 
The legs 364 are provided with similarly dis 

posed rectangular openings 372 which extend 
throughout the length thereof, and which slid 
ably receive the correspondingly positioned rec 
tangular adjusting rods 38. The adjusting rods 
34 are provided with oppositely directed, trans 
versely aligned recesses 376 which receive the op 
posite ends of a cross bar 378 which is suitably 
and rigidly secured upon the lower end of the 
inner or adjusting sleeve 320. 
With the construction as thus far described, 

it is evident that the adjusting rods 34 are driven 
in rotation with the outer or driving sleeve 322 
through the guide openings 32 and that the 
axial position of the adjusting rods 374 with re 
spect to the outer or driving sleeve 322 is con 
trolled by the cross bar 378 and the inner or ad 
justing sleeve 320. Movement of these latter 
members is effected in the manner described be 
low. A. 

The adjusting rods 34 are each provided with 
generally rectangular but angularly disposed 
cams 380 which enter correspondingly angled 
recesses 382 which are formed in the pair of gen- . 
erally right angled supporting arms 384. The 
arms 384 correspond in all respects to the arms 
60 described in connection with Figs. 1 to 5 and 
are slidable transversely of the legs 364 within 
the rectangular recess defined by the edges 386 
in legs 364 and the enclosing plates 388 which 
are suitably secured by the countersunk studs 
390 to the legs 364. As also described in connec 
tion with Figs. 1 to 5, the arms 384 carry stone 
holders 39 to which the grinding stones or abra 
sives 392 are suitably secured. 
With reference to the mechanism for effecting 

an axial adjusting movement betwen the inner 
and outer sleeves 320 and 322 to correspondingly 
actuate the abrading stones 392 between the 
Work engaging and release positions, a relatively 
heavy or inertia member 400, illustrated as in 
the form of a hand wheel, is secured in readily 
adjustable axial position upon the upper end of 
the inner sleeve 320 by the sleeve 402 and the 
locking pins 404. Sleeve 402 is freely slidable 
upon the upper end of sleeve 320 but is biased 
to the illustrated position by a spring 406 which 
is seated between an in Wardly extending shoul 
der 408 formed in sleeve 402 and a ring 40 which 
slidably fits within the upper end of sleeve 402 
and is Secured in place axially of sleeve 320 by 
a conventional snap ring 42. Rotation between 
sleeves 492 and 320 is prevented by tongues 403 
formed in sleeve 402 which enter keyways 405 
formed in sleeve 320. 
The lower or skirt portion 44 of sleeve 402 is 

provided with diametrically opposed notches 46 
through which the locking pins 404 extend. Pins 
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404 also extend through Corresponding Openings 
formed in the upwardly extending hub 48 of 
the inertia member 400. 
With the construction as just described, it will 

be understood that sleeve 402 may be raised 
axially of sleeve 320 against the force of the 
compression spring 406, bringing the notches 46 
above the level of the pins 404 and thus releas 
ing the inertia member 400 and permitting rota 
tion thereof upon sleeve 320 to a position above 
or below that illustrated in the figures. Depend 
ing upon the spacing and number of the notches 
46 in the sleeve 402, it will be evident that in-, 
ertia member 40 may be locked in position in 
any one of a plurality of rotative positions with 
respect to sleeve 320, each of which rotative po 
sitions provides a different axial position thereof 
on sleeve 320. At the completion of an adjusting 
operation the pins 404 may be brought into align 
ment with a pair of notches 46 permitting the 
sleeve 402 to be dropped thereover, locking men 
ber 400 into place through the key 403 and key 
way 405. 
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Referring particularly to Figs. 14 and 15, the 
lower face of inertia member 400 is formed as a 
plurality of circumferential, spaced cam pro 
jections 420, the lower face of each of which is 
adapted to ride in a corresponding cam track 
422 recessed into the upper end of the outer or 
driving sleeve 322. Each such cam track in 
cludes horizontai end portions 424 and 426, sepa 
rated by a sloping intermediate portion 428. 
Vertical abutments 430 separate the several cam 
tracks and limit the movement with respect 
thereto of the cam members 420. 
The parts normally occupy the positions in 

dicated in Fig. 14 in which the lower face of each 
can member 420 engages and is Supported upon 
the upper or raised horizontal portion 424 of the 
associated cam track. The parts are retained 
in this relative engaging position by the Weight 
of sleeve 320 and connected parts, and also by 
the force exerted by a biasing spring 432, which, 
as best seen in Fig. 12, is seated between an annul 
lar shoulder formed at the base of the adjusting 
sleeve 320 and a corresponding shoulder formed 
near the base of the outer or driving sleeve 322. 
Spring 432 is preferably continuously under com 
pression. 

If the outer or driving sleeve 322 is started in 
rotation in a clockwise direction, as viewed in 
Fig. 15, a force is applied tending to cause corre 
sponding rotation of the inner sleeve 320 at a 
corresponding rate, this force being transmitted 
between them at their points of relative sliding 
engagement. The weight of the sleeve 320, how. 
ever, and the parts connected thereto, particu 
larly the relatively heavy inertia member 400, 
causes a drag or lag in the starting of the innel' 
sieeve 320, as an incident to which there is rela 
tive rotation between sleeve 322 and the inner 
sleeve 320. 
two sleeves is effective to cause the can men 
bers. 420 to move off the raised cam track por 
tion 424 to positions at least partially down the 
sloping can track portions 428. A limit to Such 
movement is afforded, of course, by the vertical 
abutments 430 and it has been found in the 
practice of the present invention that the men 
ber 400 is initially brought to rest at an interme 
diate point on the sloping Surfaces 428. 
The movement of the cam portions 420 off the 

raised supporting cam track portions 424 permits 
downward movement of the adjusting sleeve 320 

This relative rotation between they 
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with respect to the driving sleeve 322 under the 75 
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influence of the weight of sleeve 320 and con 
anecting parts and also under the influence of the 
previously mentioned compression spring 432. 
This downward movement, as best shown in 

Fig. 12, causes the cross bar 38 to move down 
Wardly, carrying with it the adjusting rods 34. 
The downward movement of the adjusting rods, 
in turn, causes a corresponding transverse nove 
ment across the grinding head of the support 
ing arms 384, thus moving the abrading stones 
392 into engagement with the surface of the work 
piece A43. It may happen in practice that the 
engagement of the abrading Stores with the sure 
face of the work piece occurs before adjusting 
sleeve 320 has moved dgwnwardly far enough to 
take up all the movement made possible by the 
sloping character of the intermediate cam track 
portions 328. In such instance, the can portions 
(338 may be maintained in vertical spaced rela 
tion to the sloping cam track portions 428 until 
such a time as sufficient material is removed 
from the surface of the work piece to permit 
the abrading stones to move inwardly to posi 
tions in which the can portions 32 engage the 
2.SSociated can track portions. Ouring such 
grinding action it will be understood that the 
stones are resiliently urged into engagement with 
the surface of the work piece by a force deter 
Aained by the weight of sleeve 323 and the con 
is ected parts and also by the force exerted by the 
lower compression spring 332. 
Throughout the grinding operation the lower 

co: apression spring $32, supplemented by the 
Weight of sleeve 32 and connected parts, exerts 
2, dioWAVYard force on the adjusting sleeve 328. 
in the initial positions of the tool when the earn 
20tions 426 are in engagement with horizontal 
gortions of the associated can track, the down 
"W3rd force just identified is at right angles to 
the direction of possible relative rovement, e 
Ween sleeve 328 and sleeve 322, and thus does 

R}ct tend to cause such move rent. If, in starting 
the tool, the relative rotation between sleeves 
320 and 322 is sufficient only to bring the cam 
20tions 42 into position in vertical alignment 
With the sloping portions of the associated cara 
racks, the downward vertical force of spring 832 
and the weight of sleeve 322 and connected parts 
ave 8, CO2nponent tending to catase the can gor 

tions i29 to slide further along the sloping can 
track portions onto the horizontal cam track por 
sic2S, a his continuously acting force imposes 8, 
COyin a drag on the inertia member 43 0 and 
She sleeve 32 throughout the grinding opera 
tions, 2nd in practice is found to retard the ro 
tatio of sleeve 323 enough to ultimately bring 
he can portions 32 onto the oyer horizonta, 

portions 83S of the associated cam tracks. When 
8his position is reached, the spring 332 and the 
Weight of sleeve 328 and connected parts again 
have no component in the direction of possible 
22nveinent between sleeve 336 and sleeve 322. 
Such final position, accordingly, represents a 
competion of the griding operation. 
Considering now the Supporting structure for 

the work piece 638, these elements may be ar 
ranged as described in connection with Figs. 
through 5. In Rig. i2, however, a sightly dif 
ferent construction is illustrated comprising a 
startiard 362 over which the i3 astrative for 
giece $48, representing a piston, is slipped. As 
yeviously described, the standard 342 freely and 
somewhat loosely supports a pin 344, the oppo 
site ends of which are received in the wrist pin 
Openigags formed in the side walls of the piston 

$3 and the loose connection thus supported per 
Snts & certain amount of tilting between piston 
ié 82 standard $é2. As illustrated, standard 
332 is also provided with an adjustable extension 
$48 siidable in a corresponding opening gormed 
st the upper end thereof and adapted to be locked 
in place by a set sciety $$3. Extension (336 is 
for may extended into engagement with the 
center of under side of the top of the piston (34 
and thus acts to provide a positive force against 
vertical noverent thereof. The lower edge of 
the Work piece (36 is supported upor 3 collar 
350. Collar 450 in turn is resiliently supported 
through a spring 652 lapon 8 giate 354 which 
Srrounds the base of standard 632 and rests 

on the Apper rim of the supporting enter 
:356. Preferably, and as illustrated, collar 35 is 
pirovided with a downward extending skirt, 358 
which surrounds and encloses spring 352 and the 
plate (53. The assenly comprising support: 856 
may be connected in afy site manner to sit 
alie reciprocatory rechanisia affective to rove 
the York piece (363 Lagwardly and downwardly 
With respect to the grinding head throughout the 
greviously described Work Eage of the cho, 

Reviewing the operation of the above described 
encodinaent as a whole, it will be inderstood that 
tie Signporting structure, comprising standard (362 
associated with the work piece (3:38, may be low 
ered away from the grinding head sufficientiy to 
germit the placing tiereover of a work piece. As 
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2 preligitary to Siciliacing, he extension (46. 
Ray be Suitably adjusted so that when the Work 
isece is placed thereoVei, the aid-point of the 
Anderside of the top thereof is stipported by such 
ge:teasion. 

Cepending also go the size of the object to 
he operated ago, the grinding stones 392 ray be 
give an Aitial redee"Eired spacing by Corre 
sponsilagiy adjusting the position of the inertia, 
menaer (388 upon the iner or adjusting sieeve 
328. This adjustinent, as previously described, 
Raay be effected by Faisi g sleeve & G2 sufficiently 
to release the pin 334 from the notches & 6 and 
results in noving sieeve 328 a:2aily of the otter 
or driving sleeve 322. This axial noveinent is 
trains inited to the grinding stones 393 through 
the cross air 38, ie a disting rods 325 and the 
Supporting & Ras 333. 

ine.iraitiation of the reciprocatory in ovement 
of the Workpiece 33G and the rotative movement 
of the honing tool Ray 22d preferally do occur 
signaultaneously. She beginning of the rotative 
2 noveline its of the horing tool results in a rotar 
tive displacement between he inner and outer 
sleeves 32 and 322 respectively, due to tie inetia. 
dirag of the either 48 and other parts corn 
nected to sleeye 329. This rotative displace; rent 
perinits a downward 3 overent of sleeve 320 with 
respect to seeve $22 iiiuenced by the coagieS 
six spring 332 anti by the weigiat of sleeve 320 
and connected parts. The latter in overent rea 
sis in 8 movement of the grinding stones into 
engageiterat with the work piece (33 and is inter 
irupted at the goint of such engage: nexat, is the 
grinding action continues and the outside dia. Aeter 
of the work piece is gradually reditaced, the inward 
movement of the grindingstone is correspondingly 
continued, as influenced by the Spring 332 3rd 
tie yeight of sieve 533 and connected parts. 
This downward a novelinent of sleeve 325 and the 
inward rovenient of the stones 3S3a reinterrupted 
when the lower edges of the can portio3s. 420 
ultinately engsge the horizontal lower portions 
323 of the associated can tracks, at which time 
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the diametral spacing of the stones equals the 
desired outside diameter of the work piece. 

Referring particularly to Fig. 16, the adaptation 
of the tool construction described with reference 
to Figs. 11 through 15 to the honing of relatively 
long objects, is illustrated. In Fig. 16, the tool 
470, which may correspond in all respects to the 
construction described with reference to Figs. 11 through 15, is horizontally disposed, and is sup 
ported upon a bed 472. The object 474, to be 
operated upcn, is illustrated as extending axially 
entirely through tool 4 and as supported at its 
opposite ends upon head and tail stocks 46 and 
478 respectively. It will be understood that in 
operation, the abrading elements 480 engage the 
surface of the object 474, and the inside dian 
eter of the adjusting sleeve 482, which corre 
sponds in all respects to the previously described 
adjusting sleeve 320, is somewhat in excess of 
the outside diameter of the object 44. It will 
also be understood that a drive connection may 
be applied to the tool 40 as described with ref 
erence to Figs. 11 through 15, or that alterna 
tively, tool 470 may be stationary and the object 
474 driven in rotation through the head stock 
476. It will also be understood that relative re 
ciprocation between the object 474 and the tool 
470 may be accomplished either by reciprocating 
the bed 472, or by reciprocating the bed 484 upon 
which the head and tail stocks 476 and 478 are 
Supported. 
Although specific embodiments of the present 

invention have been described in detail, it will 
be evident that various modifications in the form, 
number and arrangement of the parts may be 
made, within the spirit and scope of the present 
invention. - 

What is claimed is: 
1. A honing tool embodying a grinding head, 

a plurality of abrading elements carried by said 
head, means for driving said grinding head in 
rotation, an adjusting element concentric with 
said driving means, driving connections between 
said driving means and said adjusting element 
adapted to permit limited relative axial movement 
therebetween, an inertia member associated with 
said tool for effecting said relative movement and 
means responsive to said relative movement for 
adjusting the positions of said abrading elements. 

2. In a honing tool embodying a grinding head, 
a plurality of abrading elements carried by said 
head, a driving sleeve for driving said grinding 
head in rotation, an adjusting element positioned 
Within said driving sleeve to be driven thereby, 
driving connections between said driving means 
and Said adjusting element permitting relative 
axial and rotative movement therebetween, the 
inertia of said adjusting element effecting said 
relative movement, and means responsive to said 
relative axial movement for adjusting the posi 
tions of said abrading elements. 

3. A honing tool adapted to operate upon the 
external Surface of an object comprising an 
abrading head having an axially extending body 
portion; an abrading element having an inwardly 
directed face positioned within and supported 
by said body for bodily movement with said body 
about the axis of said body, a rod extending par 
allel to said body portion; selectively actuable 
means for moving said rod parallel to the axis of 
Said body portion; and means forming a connec 
tion between said rod and said abrading element 
for translating axial movement of said rod into 
movement of said abrading element radially of 

2,116,922 
said head to thereby effect a radial adjustment 
of the position of said abrading element. 

4. A honing tool adapted to operate upon the 
external surface of a work piece, comprising in 
combination a head having an axially extending 
body portion provided with a plurality of axially 
extending recesses therein; a plurality of in 
Wardly presented stone holders positioned within 
and supported by said body portion; a plurality 
of adjusting rods slidably received within said 
recesses for axial movement therein; and means 
forming a connection between said stoneholders 
and said rods for translating axial movements 
of said rods into radial movements of said stone 
holders. r 

5. A honing tool adapted to operate upon the 
ex3rnal surface of a work piece comprising, in 
combination, a head having an axially extending 
body portion provided with a plurality of axially 
extending recesses therein; a plurality of in 
Wardly presenting stoneholders positioned within 
Said body portion and supported thereby; a plu 
rality of rods slidably received within said re 
cesses for movement therein between retracted 
and abrading positions; spring means acting be 
tween said rods and said body portion for urging 
said rods to a retracted position; and means 
forming a connection between said stoneholders 
and said rods for translating axial movements 
of Said rods into radial movements of Said stone 
holders. 

6. A honing tool adapted to operate upon the 
external Surface of a Work piece, comprising in 
combination a head having an axially extending 
body portion; a radially adjustable stoneholder 
carried by said head and adapted to support an 
abrading element for bodily movement with said 
body portion about the axis of said body portion; 
an adjusting member movable axially of Said 
head for causing movement of said stoneholder 
radially of said head; and a connecting member 
between said adjusting member and said stone 
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holder for causing positive movement of said 
stoneholder in one direction in response to move 
ment of said adjusting member in one direction, 
and for causing positive movement of said stone 
holder in an opposite direction in response to an 
opposite direction of movement of said adjusting 
member. w 

7. A honing tool adapted to operate upon the 
external surface of a work piece comprising, in 
combination, a head having an axially extended 
body portion provided with a plurality of axially 
extending recesses therein; a plurality of in 
Wardly presenting stoneholders positioned within 
Said head and supported thereby; a plurality of 
adjusting rods slidably received within said re 
cesses for movement between retracted and 
abrading positions; Spring means acting between 
said rods and said head for urging said rods to 
said retracted position; and means connecting 
said stoneholders and said rods for causing move 
ment of said rods to said abrading position to 

45 

50 

55 

60 

effect positive movement of said stoneholders to 
abrading position and for causing movement of 
Said rods to said retracted position to effect posi 
tive movement of Said stoneholders to said re 
tracted position. 

8. A honing tool adapted to operate upon the 
external surface of a work piece comprising, in 
combination, a head having an axially extended 
body portion provided with a plurality of axially 
extending recesses therein; a plurality of in 
Wardly presenting stoneholders positioned within 
said head and supported thereby: a plurality of 
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adjusting rods slidably received within said re 
cesses for movement between retracted and abrading positions; spring means acting between 
said rods and said head for urging said rods to 
said retracted position; means connecting said 
rods and said stoneholders for translating move 
ment of said rods to projected position into in 
ward radial movement of said stoneholders; and 
additional means acting between said head and 
said stoneholders for causing radially outward 
movement of said stoneholderS. 

9. A honing tool adapted to operate upon the 
external surface of a work piece comprising, in 
combination, a head having an axially extended 
body portion provided with a plurality of axially 
extending recesses therein; a plurality of in 
wardly presenting stoneholders positioned within 
said head and supported thereby; a plurality of 
adjusting rods slidably received within said re 
cesses for movement between retracted and 
abrading positions; spring means acting between 
said rods and said head for urging, said rods 
to said retracted position; means connecting said 
rods and said stoneholders for translating move 
ment of said rods to projected position into in 
ward radial movement of said stoneholders; and 
additional means acting between said head and 
said stoneholders for urging Said Stoneholders 
radially outwardly and for permitting limited 
rocking movement of said stoneholders axially of 
said body portion. 

10. A honing tool adapted to operate upon the 
external surface of a work piece comprising, in 
combination, a head having an axially extended 
body portion provided with a plurality of axially 
extending recesses therein; a plurality of in 
wardly presenting stoneholders positioned within 
said head and supported thereby; a plurality of 
adjusting rods slidably received within said re 
cesses for movement between retracted and 
abrading positions; spring means acting between 
said rods and said head for urging said rods to 
said retracted position; means connecting said 
rods and said stoneholders for translating move 
ment of said rods to projected position into in 
ward radial movement of said stoneholders; ad 
ditional means comprising collars associated with 
the respective ends of said stoneholders for urg 
ing said stoneholders radially outwardly and for 
permitting limited rocking of said stoneholders 
axially of said body portion; and means resil 
iently connecting said collars to said body portion. 

11. A honing tool adapted to Operate upon the 
external surface of a work piece comprising, in 
combination, an abrading head having an axially 
extending hollow body portion disposed for axial 
rotation; an inwardly presented stoneholder po 
sitioned within and supported by said body for 
rotation therewith; means acting between said . 
body and said stoneholder for effecting radial 

11 
adjustments of said stoneholder; a non-rotatably 
supported guide sleeve to receive said head; and 
means adapting the external surface of Said head 
for rotation within said guide sleeve. 

12. A honing tool adapted to operate upon the 
externai surface of a work piece comprising, in 
combination, a rotatable and reciprocable head 
having an axially extending body portion; a plu 
rality of inwardly presenting stoneholders posi 
tioned within said head and supported thereby; 
selectively actuable means for effecting radial 
adjustments of said stoneholders; a guide sleeve 
surrounding said head and having axially fixed 
inner and outer relatively rotatable elements; 
and means adapting the exterior of said head for 
sliding engagement with the inner of said tWO 
sleeve members. 

13. A work support for an internal combus 
tion engine piston having diametrically opposed 
wrist pin bearing openings in the skirt thereof, 
comprising, in combination, a standard adapted 
to be received in said piston in axially extending 
relation, said standard having a transversely ex 
tended passage adjacent one end thereof; a pin 
adapted to be received within said passage and 
to have its ends received in said wrist pin open 
ings; detent means acting between said pin, and 
said standard for retaining said pin within said 
transverse opening; and a sleeve-like member 
surrounding said standard and resiliently con 
nected thereto for universal movement relative 
thereto and adapted to resiliently support the 
base of the skirt of said piston. 

14. A honing tool adapted to operate upon the 
external surface of an object comprising a grind 
ing head, a radially adjustable abrading element, 
means movably supporting said abrading element 
within said head, a drive member for Said head 
connected in axially spaced relation thereto, an 
adjusting member for said abrading element, said 
driving and adjusting members being telescopi 
cally related, and the inner of said members hav 
ing a bore sufficiently large to permit said object 
to be passed axially therethrough, 

15. A honing tool embodying a grinding head, 
abrading means carried by said grinding head, 
driving means for said grinding head, an adjust 
ing element including an inertia member driven 
by said driving means, connections between the 
adjusting element and the driving means so that 
movement of the driving means applies positive 
driving force to said adjusting element, said con 
nections permitting relative movement between 
the adjusting element and the driving means, the 
inertia of said member being effective to cause 
said relative movement against the said force, and 
means responsive to said relative movement for 
adjusting the position of said abrading means. 

ALBER BLEASDALE. 
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