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16 Claims. (CL 51-1842) 
Our invention relates to honing tools and par 

ticularly to a cylinder. honing tool which may 
be operated at high speed and which may be in 
Serted within and removed from a cylinder with 
out the necessity of changing the speed of rota 
tion of the tool when the tool is advanced or with 
drawn from the cylinder. - 
Actual experiment has disclosed the desirabil 

ity of actuating a honing tool at high speed so 
as to produce rapid cutting and a high degree of 

Dificulty has been 

Speeds for honing tools because of the effect of 
the centrifugal force which whips the tool through 
a conical path relative to the universal joints of 
the tool, to cause the collapsed abrading elements 
to contact with the cylinder wall and to mar its 
finish. When we speak of high speed we mean 
Speed greater than 300 R. P. M. and find that for 
most Satisfactory honing speeds in the order of 
700 R. P. M. or more are desirable. , 

In practicing Our invention we retain the uni 
versal movement provided in the longitudinal 
dimension of the honing tool and employ guide 
elements of resilient material, such as cork, felt 
and the like, which are mounted relative to the 
abrading elements of the tool in a predetermined 
manner SO as to extend beyond the maximum 
adjustable position of the elements to thereby 
engage the cylinder wall at all times and espe 
cially when the honing elements are in collapsed 
position. The guiding elements are mounted in 
fixed relation to the spindle, that is to say, they 
are not adjustable in the same manner as the 
honing elements are adjustable laterally of the 
spindle, so that the collapsing of the honing ele 
ments will occur without in any way affecting 
the position of the guiding elements. 
Claims to the improved method disclosed 

herein are being presented in the applicants' co 
pending application Serial No. 89,636 filed July 
8, 1936, as a division of this application. 

Accordingly, the main objects of our inven 
tion are; to provide a honing tool with adjust 
able honing elements which are collapsible rela 
tive to the spindle of the tool; to provide a spin 
dile for the honing tool which is universally joint 
ed so that the honing elements may conform to 
the bore of the cylinder irrespective of the angu 
lar relation therewith of the driving element of 
the tool; to provide guiding members for the 
abrading elements which are positioned relative 
thereto and mounted in fixed relation to the 
spindle; to provide guiding members which are 
made of non-abrading material such as cork, felt 

and 

and the like, which extend beyond the collapsed 
position of the honing elements to be available 
to position the spindle relative to the bore after 
the.honing elements have been collapsed; to pro 
vide a strip of material on the cylinder engaging 
portion of the guiding element, made of fiber, 
metal, or the like, to permit the movement of the 
element into and out of a cylinder and an adja 
cent guiding sleeve in such manner as to prevent 
wear to the resilient material; and, in general, 
to provide a honing tool which is constructed in 
such manner as to permit the tool to be oper 
ated at high speed and to be insertable and with 
drawable from a cylinder bore without reducing 
the speed in the tool and without in any way 
marring the finish of the cylinder Wall. 
Other objects and features of novelty of our 

invention will be either specifically pointed out 
Or will become apparent when referring, for a 
better understanding of our invention, to the foll 
lowing description in conjunction with the ac 
companying drawings, wherein: 

Figure 1 is a sectional view, in elevation, of a 
honing tool embodying features of our invention, 

Fig. 2 is a sectional view of the structure illus 
trated in Fig. 1, taken. On the line 2-2 thereof; 

Fig. 3 is a sectional view of the structure illus 
trated in Fig. 1, taken on the line 3-3 thereof. 

Fig. 4 is a view of structure, similar to that 
illustrated in Fig. 3 showing a modified form 
thereof, 

Fig. 5 is a sectional view of the structure illus 
trated in Fig. 4 taken on the line 5-5 thereof, 

Fig. 6 is a view, partly in section and partly 
in elevation, of a machine employing the tool 
illustrated in Fig. 2, 

Fig. 7 is an enlarged sectional view of a res 
ient gliding element showing a modified form 
thereof, 

Flg. 8 is a sectional view of a guiding element, 
similar to that illustrated in Fig. 7, showing a 
further modified form thereof, 

Fig. 9 is a broken elevational view of the struc 
ture illustrated in Fig. 8, 

Fig. 10 is a broken view, in elevation, of a tool, 
similar to that of Fig. 1, illustrating a modified 
form thereof, 

Fig. 11 is a sectional view of the structure illus 
trated in Fig. 10, taken on the line f-f thereof, 

Fig. 12 is a sectional view of the structure ill 
lustrated in Fig. 10, taken on the line 2-2 
thereof. 
While our invention is applicable to any type 

of honing tool having collapsible features, we 
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have illustrated and are about to describe a 
preferred form of honing tool which is especially 
adaptable for high speed continuous operation. 

in Fig. 1, we have illustrated a honing tool. 5 
which is similar in construction to the honing tool 
described and claimed in Patent No. 1990,331, 
granted February 5, 1935, on the co-pending ap 
plication of F. M. Kern, Serial No. 521,092, filed 
March 9, 1931, and assigned to the assignee of 
the present invention. The honing tool includes 
a universally jointed spindle. 6 on the lower end 
of which a pair of slotted spiders 7 and 8 are 
mounted in fixed spaced relation. Holders 9 en 
gage abrading elements f2 with which guiding 
members are retained within the slots in the 
spiders by garter springs 3 and 4 which engage 
the arcuate fingers 5 provided on the ends of 
the abrading and guiding elements. 
The honing elements are moved radially of 

the spindle 6 by a conical adjusting sleeve is 
which is slidable thereon and which engages the 
ends of pyramidal projections 8 provided 
on the holding elements 9. A spring 9 is pro 
vided between the spider 8 and the lower end of 
the sleeve for biasing it upwardly on the 
spindle. The conical sleeve 6 is moved down 
Wardly by fingers 2 provided integrally with an 

versal connection 23 of the spindle 6. 
A spring 24 is positioned above the annular 

ring 23 over which a sleeve 25 extends, having 
an upwardly threaded portion 26 which closely 
engages the upper portion of the spindle 6 which 
is in slidable relation thereto. The spring may 
be of any type, although we preferably employ 
a spring illustrated and described in the above 
mentioned co-pending application. A threaded 
nut 27 is positioned on the upper end of the spin 
dile 6 in engagement with the thread thereof 

annular ring 22 which encompasses the uni 

and a locking nut 28 is provided which may be 
jammed relative to the nut 27 for locking the nut 
in a predetermined position on the spindle. The 
lower portion of the nut 2 is of reduced outer di 
mension to receive a bearing 29 against which a 
can carrying collar 3 abuts when positioned in 
extension of the nut. 
A plurality of cams 2 are pivoted on the co 

lar 8 for the purpose of adjusting the sleeve 25 
longitudinally of the spindle. An adjusting nut 
33 is threaded on the portion 26 of the sleeve 25 
and a can engaging collar 3 is mounted there 
above in slidable relation to the portion 26 of the 
sleeve. A plurality of ball bearings 35 are pro 
vided between the nut 33 and the sleeve 34 which 
engage a plurality of notches 36 provided in the 
nut , for the purpose of indexing the adjust 
ment, as more clearly described in the above men 
tioned co-pending application. 
A cage 37 retains the balls 35 in predeter 

mined relation to each other and a projection 38 
on the inner periphery of the cage engages a 
slot in the portion 26 of the sleeve 25 for posi 
tioning the cage against rotation relative to the 
sleeve. In Fig. 1, the cams 32 are illustrated 
as being in abrading element collapsed position, 
which is that illustrated in Fig. 3, wherein the 
conical element 6 is moved upwardly effected 
by the spring 9 in the presence of the upward 
ovement of the sleeve 25 relative to the can 

collars 3. The degree of expansion is regulated 
through the adjustment of the adjusting nuts 3 
to effect a relative longitudinal change in its 
position relative to the threaded portion 26 of 
the sleeve 25, to thereby effect the adjustment 
of the sleeve relative to the nut 2, 
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In Fig. 6, we have illustrated a machine 4 

having a rotatable shaft 48 which is movable up 
wardly and downwardly through the medium of a 
handle 9 to effect a longitudinal and rotational 
movement to the tool 5. A sleeve 5, of substan 
tially the diameter of the cylinder 52 to be ma- . 
chined, is supported by an arm 53 in aligned 
spaced relation to the cylinder 52, to receive the 
guiding and honing elements when the tool is in 
retrieved position, as illustrated in the figure. 
When the handle 49 is moved downwardly the 
tool moves downwardly through the sleeve 5, to 
cause the guiding members and the abrading 
element 2 to pass into the cylinder 52, and the 
cams 32 to be engaged by the inner surface of the 
sleeve 5. 
The movement of the cams 32 forces the washer 
downwardly relative to the cam carrying collar 

3 f to thereby force the sleeve 25 downwardly 
relative to the positioning nut 2 to apply a pre 
determined deflection to the spring 24 which ef 
fects a thrust to the spring cage 4 and bearing 
42, through the annular ring 22 and fingers 2 
to move the conical member. 6 downwardly rela 
tive to the spindle. The downward thrust to the 
member 6 forces the holders 9 outwardly to 
expand the abrading elements 2 into contact 
with the cylinder wall. The bias of the spring 
24 will be effective until the lower inner edge of 
the cage 4 engages the top portion of the uni 
versal joint 23 of the spindle, at which time 
the cylinder wall will be honed to a predetermined 
diameter. 
The sleeve for actuating the cams 2 is of such 

lengta, as to retain the elements expanded dur 
ing the time at least one half of the length of 
the honing elements are retained. Within the 
cylinder bore so that when the tool is moved 
beyond such a distance in either direction they 
will immediately collapse and prevent the def 
ormation of the cylinder wall. In the presence 
of the possible tiltable positioning assumed by 
the abrading elements when moved beyond one 
half of their length in the cylinder they may 
be tilted and thereby machine the edges of the 
bore to a greater diameter. In this construction, 
when the hone is inserted to within the cylinder, 
the honing elements will be in collapsed position 
until at least one half of the length of the ele 
ments have been inserted within the bore, at 
which time the cams 32 will be engaged to ex 
pand the honing elements against the side of 
the bore. . The cams will be retained by the 
sleeve during the reciprocatory movement of the 
tool until such time as it is withdrawn from 
the bore when the elements will be collapsed 
through the disengagement of the cams from 
the inner surface of the sleeve. 

Referring to the drawings, it will be noted that 
between each of the abrading or honing elements 
2, we have mounted guiding elements ff, which 
are preferably made of Cork but which may also 
be made of other material such as felt, belting 
and the like. - The cork is supported in a shell 
43 which has been described and claimed in the 
co-pending application of K. W. Connor, Serial 
No. 574,380, fled Nov. 1, 1931, and assigned to 
the assignee of the present invention. The 
holders 9 are employed for receiving the honing 
elements 2 and are provided with the frusto 
pyramidal portions 8 as referred to hereinabove, 
which are engaged by the conical members 
for expanding the honing elements relative to 
the spindle. It will be noted that the holding 
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2,070,985 
elements ff, have the frusto pyramidal portion 8 
omitted and that the conical member 6 at no 
time engages the holders for the guiding men 
bers. The guiding members are retained at all 
times in fixed. relation to the spiders 7 and 8 
while the honing elements are adjustable relative 
thereto. w 
In order to have the guiding members effective 

for engaging the cylinder walls at all times the 
cork, or other material employed therefor, is so 
constructed as to extend beyond the expansion 
limits of the honing element 2 to thereby always 
engage the cylinder wall and to be available when 
the honing elements are collapsed for guiding the 
tool so that the honing elements are retained out 
of contact with the machined surface of the 
bore. During the honing operation the guiding 
elements are available for retaining the honing 
elements in aligned relation in the cylinder and 
are effective for assisting in obtaining an ex 
tremely fine finish on the surface of the cylinder 
wall in the presence of the wiping action pro 
vided thereby. 
While we have illustrated in Figs. 2 and 3 a. 

conventional form of mounting for the guide and 
abrading elements, it was found that a more de 
sirable mounting may be effected by having the 
abrading elements oppositely disposed to each 
other and the guiding elements positioned there 
between. Accordingly, we have illustrated in 
Figs. 4 and 5 a modified form of our abrading 
head wherein the abrading elements 2 are 
mounted in holders 9 which are positioned by 
spiders 20 in such manner as to be oppositely 
disposed relative to each other and retained for 
movement outwardly radially of the spindle. The 
spindle 6 and the conical actuating element 6 
are similar to those described hereinabove and 
effect the lateral adjustment of the elements rel 
ative to the cylinder wall. Between each of the 
abrading elements a recess 30 is provided where 
in a plurality of guiding elements are dis- . 
posed and retained in fixed relation to the Spiders 
20 without employing the shoes or holding ele 
ments 9, as illustrated in Fig. 3. 
The channel members 39, for receiving the 

guiding elements, are provided with outwardly 
disposed tongues 40 having projections 43 there 
on which engage recesses 50 on the inner face 
of the spiders for retaining the guiding elements 
in fixed relation thereto. By eliminating the shoe 
as a support for the guiding elements, Substan 
tially the same minimum diameter of the grind 
ing head of the tool is retained as was pro 
vided when six of the shoes or holding elements 
were utilized. In Fig. 4 it will be seen that only 
four of the holding elements 9 are employed 
which, though reducing the space between adja 
cent honing elements, provide sufficient area for 
receiving the guiding elements therebetween. 
The channel members 39 for the guiding ele 

ments are flared outwardly at the sides, as at 
60, to permit the compression of the cork, or 
other resilient material which goes to make up 
the guiding element, and at the same time to pro 
vide sufficient rigidity and adhesion between the 
member 39 and the element to retain it in fixed 
relation thereto and to prevent it from being torn 
or weakened during compression. The flared 
outside portions 60 are cut away at the ends, So 
that the members 39 will fit within the recesses 
30 provided in the spider. The guiding elements 
and the abrading elements are diametrically dis 
posed to each other and a more accurate honing 
of the cylinder wall ensues. It is to be understood 

3 
that our invention is not limited to four abrad 
ing elements but that any even multiple thereof 
is preferably employed rather than an odd num 
ber which may be utilized as illustrated in Fig. 3. 

Referring to Figs. 7, 8, and 9, we have illus 
trated modified forms of guide elements in which 
a surfacing member 54 is secured to the outer 
surface of the guide member by an adhesive ma 
terial or by other methods, for the purpose of 
protecting the cork or other relative resilient. 
material employed therefor. The member 54 
may be made of fiber, metal, or other desirable 
material depending upon the type of cut to be 
made in the cylinder bore. When a high finish 
is desired on the walls of the cylinder, a fiber 
material may be employed, while if a rough cut 
is intended a metal surfacing member" may be 
utilized which, in some instances, may be con 
structed of an extremely hard metal to effect a 
burnishing or lapping operation on the cylinder 
wall. In either case, the resiliency of the main 
body portion of the guiding elements permits the 
adjustment of the members. 54 in accordance 
with the diameter of the cylinder bore. 
The metal surfacing member may be chrome 

plated or otherwise treated to provide the ex 
tremely hard surface which will not wear when 
subjected to the abrasives present in the cylin 
der. If desirable, the metal may be set within 
the cork to have the cork brush the wall free of 
the material ahead of the metal to eliminate 
the eroding action entirely therefrom. As a fur 
ther extension of our invention we may construct 
the honing elements themselves of a metal hav 
ing predetermined characteristics and of such 
construction as to embody therein an abrasive 
substance and also a lubricant to form honing 
sticks which are not only abrasive but which 
will act as guiding elements to retain a substan 
tially uniform surface. 
We have in mind such metal as powdered tung 

sten embodied with an abrasive, such as that 
known in the trade as “Carborundun', and a 
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lubricant, such as graphite, which may be pow 
dered and uniformly mixed with the powdered 
tungsten or similar metal and by pressure and 
heat, in a well known manner formed into a 
solid element. Preferably the resulting sintered 
element is then impregnated with a low melting 
point metal such as copper, silver or the like. 
Such a metal would provide the guiding charac 
teristics mentioned hereinabove as well as en 
bodying abrasive and lubricating characteristics 
for effecting the machining operations by pro 
ducing rapid cutting and a high burnished and 
polished finish to the cylinder wall. 

If such metals are used only as guiding ele 
ments the abrasive material may be omitted ard 
the lubricant alone provided to permit the free 
operation of the elements on the cylinder Sur 
face. On the other hand, if the lubricant is not 
desired, the metal may be constructed with the 
abrasive material only distributed evenly there 
throughout to produce only the abrasive effect 
necessary in a cutting element. 
By disposing the sleeve 5 in close but Spaced 

elation to the cylinder 52, the member 54 will 
bridge the space and prevent the resilient mate 
rial of the member from bulging at the space be 
tween the sleeve 5 f and cylinder 52 which might 
cause the material to be cut and torn when moved 
from and into the sleeve and cylinder. The more 
rigid material employed in the member 54 pre 
vents the bulging of the resilient material, and 
permits the sliding of the element from the sleeve 

5 

O) 

O 

s 



O 

15 

20 

4. 
and cylinder without any distortion of the resil 
ient portion of the guiding element. 

Referring to Fig. i. it will be noted that the 
second universal joint is provided on the tool 
through the connection of the shank 4 which 
embodies a bayonet type of engagement effected 
between the shank and the tool through the 
provision of the arcuately shaped collar 45 and 
pin 46. It will be noted that the pin 46 is dis 
posed 90 degrees from the pin of the universal 
joint 23 disposed in the spindle proper, and in 
this manner complete floating movement is ef 
fected to the honing element during the machin 
ing operation. Such flexibility is extremely de 
sirable to permit the honing elements to follow 
the contour of the bore rather than to be oper 
ated in angular relation thereto which would 
occur when the tool is rigidly supported on a 
driving member and is in slightly of center rela 
tion to the center of the cylinder bore. In the 
present construction only the approximate loca 
tion of the cylinder is necessary, as the flexibility 
of the tool takes care of any slight variation in 
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the off center relation between the driving mem 
ber and the cylinder bore. 

Referring to . Figs. 10, 11, and 12, we have 
shown a modified form of shank which may be 
employed with the honing tool illustrated in Fig. 
1, and which embodies a universal movement of 
the preferred construction. The upper end 56 
of the tool is cylindrical in shape so as to engage 
the cylindrical bore of a portion 5 of a shank 
58, to form a rigid assembly which is retained 
against relative longitudinal movement by the 
slot and pin connection 59. of a well known type. 
The portions 57 and 58 are each provided with 
two upstanding bosses 6, as illustrated more 
clearly in Fig. 11, between which a hub 62 is 
positioned. A pin 64 extends through a pair of 
bosses 6 and the hub 62, while a pair of pins 65 
extend through an opposite pair of bosses 6 and 
the hub to permit an angular movement between 
the portions 57 and 63 of the shank in all di 
rections. In this construction, a complete uni 
versal movement is provided between the two 
portions 57 and 63 of the shank 58, independent. 
of the bayonet connection between the shank 
and the tool. The maximum permissible angul 
larity between the two members 57 and 63, while 
small, is sufficient to permit a considerable mis 
alignment between the tool and bore during a 
honing Operation. 
With the construction herein described and 

illustrated we are able to decrease the time and 
care required heretofore to machine cylinder 
walls to precise dimensions and having extremely 
smooth surfaces. We accomplish such a result 
by materially increasing the speed of the too 
and operate the tool at the high speed without 
the necessity of shutting down the tool at any 
time either when inserting or withdrawing the 
tool from the cylinder bore. We are able to suc-. 
cessfully operate the tool at high speed by en 
ploying guiding elements, which are preferably 
constructed of cork and which engage the cylin 
der walls at all times whether the honing ele 
ments are in expanded or in collapsed position 
to thereby guide the honing tool relative to the 
cylinder wall and at the same time effect rapid 
cutting due to the high speed operation of the 
tool. 
An exceedingly smooth and polished finish is 

effected to the cylinder walls in the presence of 
the guiding elements which act as wiping ele 
ments. The wiping elements operate in con 

2,070,985 
junction with the cutting elements to effect an 
exceedingly high polish as the bias on the honing 
elements is reduced, in the presence of the ma 
chining operation on the wall. The guiding ele 
ments are mounted in fixed but removable reas 
tion to the honing tool and the expansion and 
contraction of the honing elements is effected in 
a well known manner relative to the fixed posi 
tion of the guiding elements. 

It is to be understood that the cork or other 
material employed for the guiding elements is 
resilient and will thereby compress when in 
serted within the cylinder walls to provide an 
outward bias which will be available to retain 
the guiding elements in contact with the cylinder 
walls as the walls are ground away and to be 
available to position the honing tool when the 
honing elements are moved to retracted position. 
We find cork to be the most desirable material 
to be employed in the guiding members in view 
of its resistance to wear and the large amount 
of resiliency embodied in the material. However, 
any other material well known in the art to be 
suitable may be substituted for the cork to be 
employed as the guiding member. 
While we have described and illustrated but a 

single embodiment of our invention, it will be 
apparent to those skilled in the art that many 
changes, Omissions, additions and substitutions 
may be made therein without departing from the 
spirit and scope of our invention, as set forth in 
the accompanying claims. 
We claim as our invention: 
1. A guiding element for a honing tool made 

of cork and having a work engaging surface of 
relatively less resiliency. 

2. A guiding element for a honing tool made 
of cork and having a work engaging surface made 
of fiber materia. 

3. A guiding element for a honing tool made 
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of cork and having a work engaging surface made 
of metal. 

4. A guiding element for a honing tool made of 
restlient material and having a work engaging 
surface of relatively less resiliency. 

5. The combination with an adjustable abrad 
ing element of a hoping tool, of a plurality of 
guiding members positioned relative thereto and 
supported in fixed relation to said tool, said guid 
ing members being made of resilient material, 
and a member of less resiliency attached to the 
surface of said material. 

6. The combination with an adjustable abrad 
ing element of a honing tool, of a plurality of 
guiding members positioned relative thereto and 
supported in fixed relation to said tool, said guid 

50 

55 

ing members being made of a resilient material, 
and a surfacing member for said guiding member 
made of fiber material. 

7. The combination with an adjustable abrad 
ing element of a honing tool, of a plurality of 
guiding members positioned relative thereto and 
supported in fixed relation to said tool, said guid 
ing members being made of a resilient material, 
and a surfacing member for said guiding men 
ber made of metal. 

8. A high speed honing tool which comprises 
a universally jointed spindle, adjustable support 
ing elements and cam members for regulating 
the expansion of said elements, of abrasive ele 
ments mounted on said supporting elements for 
adjustment laterally of said spindle, guiding mem 
bers disposed circumferentially between said 
abrading elements and mounted to be non-ex 
pansible therewith and to project therebeyond 
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2,070,985 
when the abrading elements are retracted to said 
Spindle, a sleeve positioned in aligned relation 
with a cylinder to be ground but spaced there 
from a predetermined distance and employed for 
engaging said cam elements for effecting the ex 
pansion and the collapse of said abrading element 
relative to said cylinder hone. 

O 

9. A high speed honing tool which includes, 
in combination, a universally jointed spindle, 
abrasive elements mounted on said tool and ad 
justable laterally of said spindle, can elements 
for regulating the said adjustment, guiding mem 
bers disposed relative to said abrading element 
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and mounted in fixed relation to said spindle, a 
sleeve positioned in aligned relation to a cylinder 
to be ground but spaced therefrom a predeter 
mined distance and employed for engaging said 
can elements for effecting the expansion and the 
collapse of said abrading element relative to the 
cylinder wall, and cylinder wall engaging elements 
of less resiliency than said guiding members, Se 
cured to the outer surfaces of said guide nem 
bers for engagement with the cylinder Wall and 
the Wall of Said sleeve. 

10. In a cylinder honing tool, a support, abrad 
ing elements disposed about said support, means 
for adjusting said abrading elements radially, and 
guiding elements having rearwardly projecting 
spring fingers which releasably engage said Sup 
port, independent of said adjustable means. 

11. In a cylinder honing tool, a flexible joint 
between the driving and abrading end thereof, 
abrading elements radially adjustable On the 
abrading end of a tool, and guiding elements on 
the abrading end of the tool mounted between 
said abrading elements in a manner to have the 
elements and guides positioned to be intersected 
by a plane normal to the axis of the tool, said 
guides being non-expansible with said abrading 
element. 

12. A guiding element for a honing tool made 
of resilient material and having a work engaging 
surface of relatively less resiliency, and a back 
ing member to which said guide element is Se 

45 cured in unit relation. 

S 
13. A guiding element for a honing tool made 

of resilient material and having a work engaging . 
Surface of relatively less resiliency, and a chan 
nel member to which said guide element is se 
cured in unit. relation. 

14. A guiding element for a honing tool made 
of resilient material and having a work engaging 
Surface of relatively less resiliency, and a chan 
nel member to which said guide element is se 
cured in unit relation, said channel member hav 
ing means for securing the unit element in de 
sired position against movement. 

O 

15. A honing tool adapted to be moved longin 
tudinally relative to a work piece into and out 
of engagement with said work piece during ro 
tation of said tool relative to said Work piece, 
comprising, in combination, a driving end, an 
abrading end, a flexible connection between said 
driving and abrading ends, abrading elements 
carried by said abrading end, adjusting means 
actuable during rotation of said abrading end 
relative to said Work piece for collapsing said 
abrading elements, and guide means for said 
abrading end effective to maintain said abrading 
end in substantial axial alignment with said work 
piece after collapse of said abrading elements. 

16. A honing tool adapted to be moved longi 
tudinally relative to a work piece into and out 
of engagement with said work piece during ro 
tation of said tool relative to said work piece, 
comprising, in combination, a driving end, an 
abrading end, a flexible connection between said 
driving and abrading ends, abrading elements 
carried by said abrading end, adjusting means 
operable during rotation of said abrading end rel 
ative to said workpiece for expanding said abrad 
ing elements into engagement with said work 
piece, and guide means carried by said abrading 
end effective to maintain said abrading end in 
substantial axial alignment with said work piece 
pending said expansion of said abrading ele 
mentS. 
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