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METHOD AND APPARATUS FOR HONING 
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nois 
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1. 
The invention relates to the art of finishing 

cylindrical surfaces and more particularly to the 
honing art. 
The honing process, in which a cylindrical abra 

sive tool and the work are relatively rotated and 
simultaneously relatively reciprocated axially, is 
employed extensively in finishing cylindrical Sur 
faces where a smooth, true surface and a high de 
gree of accuracy is required. This process is ca 
pable of finishing either internal or external 
cylindrical surfaces to precise dimensions, accu 
racy within limits as close as plus or minus 
.000 inch being readily attainable. In Order to 
maintain such accuracy it has been necessary 
heretofore to interrupt the operation frequently 
for gauging the size of the work, particularly as 
the desired final dimensions are approached. 
Such interruption substantially increases the fin 
ishing time required and consequently reduces 
the productive capacity of the machine upon 
which the honing operation is performed. More 
over, a high degree of skill is required to gauge the 
work within the close limits referred to and the 
gauging is especially difficult When the internal 
surface of cylindrical bores are involved. These 
considerations all contribute to increasing the 
cost of the finishing Operation. 
With the foregoing in view a general object of 

the invention is to provide an improved method 
of and apparatus for gauging Work in process of 
being honed whereby the size thereof may be de 
termined With a high degree of precision at any 
stage of the honing operation and Without in 
terrupting the operation. Whereby the machine 
time and labor required for finishing a workpiece 
is reduced to a minimum. With a consequent re 
duction in the cost of the operation. 
Another object is to provide novel means op 

erative to automatically gauge the Work and pro 
vide a continuous indication of the size thereof 
While the honing Operation is in progreSS. 

Still another object is to provide novel means 
whereby a cylindrical bore may be quickly and 
accurately gauged for size throughout its entire 
length. m 

It is also an object of the invention to provide 
an improved honing tool having novel work gaug 
ing means, incorporated directly therein. 
Other objects and advantages of the inven 

tion Will become apparent from the following de 
tailed description of the preferred embodiment 
illustrated in the accompanying drawings in 
Which: 
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the in Vention. 
Figs. 2, 3 and 4 are side views of the honing tool 

shown in different sections of a cylinder bore in 
process of being honed. 

Fig. 5 is a vertical sectional view of the fluid 
distributing head associated with the tool. 

Fig. 6 is a sectional view taken in a horizontal 
plane substantially on the line 6-6 of Fig. 5. 

Fig. 7 is a side elevational view of the honing 
tool showing the location of the gauging mecha 
nism associated therewith. 

Fig. 8 is a sectional view taken in a vertical 
plane substantially on the line. 8-8 of Fig. 7. 

Figs. 9 and 10 are sectional views taken in 
horizontal planes substantially on the lines 9-9 
and 0-0 of Fig. 8, respectively. 

Fig. 11 is a horizontal sectional View of a modi 
fied form of nozzle adjusting mechanism. 

Fig. 12 is a sectional View taken in a vertical 
plane substantially on the line 2-2 of Fig. 10. 

Fig. 13 is a graph showing the relationship be 
tween the Spacing of the coolant discharge ori 
fices from the surface being honed and the pres 
Sure of the liquid coolant discharged through 
such orifices. 
The improved gauging method may be carried 

Out with various types of honing machines and 
tools for finishing either internal or external 
cylindrical surfaces. For purposes of illustration 
the apparatus for carrying out the method has 
been shown herein as constructed and arranged 
for the honing of internal cylindrical Surfaces 
Such as cylinder bores. The particular machine 
Selected to exemplify the honing operation is of 
the type in which the honing tool is rotated and 
simultaneously reciprocated relative to a sta 
tionarily supported workpiece. It is to be under 
StOOd, however, that the invention is not limited 
to use in the particular environment shown but 
is readily applicable to other types of machines 
and honing tools. The invention accordingly, 
embraces all modifications, adaptations and al 
ternative constructions falling within the scope 
of the appended claims. - 

Referring to Fig. 1 of the drawings, a typical 
machine for honing cylinder bores comprises a 
head 5 adapted to be reciprocated by a pres 
Sure fluid Operated actuator 6 of the cylinder 
and piston type. Journaled in the head and pro 
jecting from One face thereof is a spindle 7 to 
which a honing tool 8 is operatively secured by 
means of an elongated tubular driver 9, The 
Spindle 7, driver 9 and tool 8 are rotatably 

Figure 1 is a fragmentary side view of a hon- 55 driven by a motor M through suitable gearing. 
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The honing tool 8 may be of any preferred 
type. Such tools ordinarily include a generally 
cylindrical body 2 (Figs. 1, 7, 8 and 12) having 
a plurality of radially movable elongated abra 
sive stones 22 assembled thereon in a circular 
series. The abrasive stones are conveniently 
mounted in elongated carriers 23 (Figs., 8 and 
12) which provide rigid support for the stones 
and guide the same for radial movement in the 
tool body 2. Annular springs 24 encircling the 
series of carriers yieldably urge the carriers and 
abrasive stones inwardly to a contracted posi 
tion. 

In operation, the tool is expanded, that is, the 
carriers 23 and abrasive stones 22 are shifted 
radially outwardly to force the working faces 
of the stones against the surface to be finished. 
In the exemplary tool, the means for effecting 
such expansion comprises a pair of generally 
conical cam members 25 and 25' slidable but non 
rotatably held within the hollow tool body 2: for 
coaction with adjusting plates 26 (Fig. 12) asso 
ciated with the respective carriers 23. The cam 
members are mounted in oppositely facing rela 
tion upon a shaft 27, the member 25 being rotat 
ably anchored to one end of the shaft while the 
member 25' is threaded on the other end of the 
shaft. - 

By turning the shaft 27 in one direction, the 
cam members 25 and 25 are moved toward each : 
other and act through the plates 26 to shift the 
carriers 23 and their abrasive stones 22 radially 
outwardly. A spring 28 interposed between the 
can members yieldably urges the members a Way 
from each other when the shaft is turned in the : 
opposite direction thus permitting the springs 24 
to shift the carriers and abrasive stones radially 
inwardly and thus contract the tool. 
The shaft 27 is adapted to be turned by an 

adjusting rod 23 connected to the upper end of 
the shaft by a fiexible joint 29. The rod extends 
axially through the driver to a point at which 
it may be conveniently operated by an adjusting 
sleeve 3) (Fig. 1). 
In honing a cylindrical bore such as the bore 45 

33 of a metal block or workpiece W the tool (8 
is inserted therein in a collapsed condition, that 
is, with the abrasive stones 22 withdrawn in 
wardly so that the overall diameter of the tool 
is less than the diameter of the bore. After in 
sertion the tool is expanded until the working 
faces of the stones 22 are pressed against the 
Walls of the bore. The Stones are therefore effec 
tive to abrade or cut away the walls of the bore 
when the tool is rotated and reciprocated therein. 
As the bore is gradually enlarged by the action 

of the abrasive stones 22, the tool is progressively 
expanded to maintain the required working pres 
sure on the work. Throughout the entire opera 
tion the work and tool are flooded with a copious 
supply of liquid coolant which serves to flush 
away metal and abrasive chips and to prevent 
the tool and work from becoming overheated. 

In finishing cylindrical work within the close 
limits demanded in precision honing, the honing 
operation must be terminated at the precise in 
stant that the desired finished diameter is at 
tained. This dimension can be determined with 
the required accuracy only by the actual gauging 
or measurement of the work. Numerous attempts 
have been made to develop automatic work gaug 
ing means with a view of reducing the labor re 
quired and avoiding the delays involved in man 
ual gauging as now generally practised. 
The use of automatic mechanism for inserting 

4. 
plug gauges in the work in alternate strokes of 
the tool has been proposed, but has proven in 
capable of operating with the degree of precision 
required. Moreover, in apparatus of that type, 
the gauges are subject to excessive wear and, at 
best, are adapted only for gauging the extreme 
ends of the workpiece. Such apparatus, there 
fore, does not disclose irregularities intermediate 
the ends of the work. The use of leakage path 
air gauges has been suggested to Overcome the 
latter difficulty. Air gauges have been found 
unsatisfactory however, due to the necessity of 
maintaining the tool and work flooded with 
liquid coolant. 

2 5 

I have discovered that the above difficulties 
may be completely avoided by employing the 
liquid coolant as the gauging medium and have 
provided the novel gauging method and appa 
ratus herein disclosed for utilizing that discovery. 
The improved method of gauging contemplates 
the discharge of the liquid coolant under pres 
sure through one or more restricted outlets de 
fined jointly by the work surface and members 
40 carried by or movable with the honing tool 
whereby the flow of liquid is restricted in accord 
ance with the diameter of the work. Variations 
in diameter may therefore be determined With 
a high degree of accuracy by measuring changes 
in either the volume or the pressure of the 
liquid in the coolant System. In practice, I pre 
fer to supply a constant volume of the liquid 
coolant to the tool and to determine size by 
measuring the pressure in the coolant Supply 
System. 
The members 40 coacting with the work sur 

face to define the coolant outlets are preferably 
mounted directly on the tool body. These men 
bers, while adjustable relative to the tool, are 
held in fixed spaced relation during the honing 
operation. The spacing may be adjusted ini 
tially to provide a predetermined gap or outlet 
between each member and the unfinished Work 
surface. Accordingly, the pressure in the cool 
ant supply System is at its maximum When the 

60 

tool is initially associated with the work, as for 
example, when it is inserted in a bore of small 
diameter. As the bore is progressively enlarged 
due to the gradual removal of stock by the tool, 
the gaps between the work surface and the mem 
bers 40 increase and the pressure drops corre 
spondingly. Thus, as the honing Operation pro 
ceeds, the pressure gradually falls in accord 
ance with the progressively increasing diameter 
of the bore. It Will be evident therefore, that the 
pressure of the liquid coolant provides an accu 
rate indication of the diameter of the Work at 
the particular point at Which the tool is. 
positioned. 
To establish a definite reference point for the 

accurate gauging of the work, the members 40 
are preliminarily set by means of a ring gauge 4 
(Fig. 1) or the like having an internal diameter 
corresponding exactly to the desired diameter of 
the finished Work. With the members set.so that 
they may be inserted in an unfinished bore, the 
pressure set up by the gauge corresponds to the 
pressure that will obtain when the work is fin 
ished to the desired size. Accordingly, the hon 
ing operation may proceed without interruption 
until the pressure in the coolant supply system 
indicates that the desired dimension has been 
attained. Moreover, localized constricted areas 
or taper in the work are indicated by appropriate 
pressure changes in the coolant supply system 
thus enabling the machine attendant to amplify 
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the action of the tool in such areasby “short 
stroking.' 
. The apparatus for carrying out the improved 
gauging method may take Warious forms. In the 
preferred embodiment illustrated the members 40 
which, in cooperation with the work surface de 
fine the coolant outlets, comprise tubular nozzles 
42 supported on the body of the honing tool and 
positioned to direct the coolant against the Work 
Surface. As herein shown tWO Such noZZles are 
located on diametrically opposite sides of the tool 
body so that the reaction from the discharge 
tends to center them in the work. Additional 
nozzles may be provided if desired to accommo 
date a greater Volume of coolant. 

In the exemplary apparatus, each of the noz 
zles 42 is fitted into and rigidly secured to a gen 
erally rectangular metal block 43 (Fig. 8) having 
cylindrical mounting studs 44 and 45 projecting 
from its upper and lower faces. The upper stud 
44 is formed with an axial bore or passage 46 
communicating at its lower end With the nozzle. 
A coupling 47 threaded on the upper end of the 
stud connects the passage 46 with a flexible tube 
48 which has its other end connected by a 
coupling 49 with a coolant distributor 50 carried 
on the driver 9. 

Cooperating with the mounting studs 44 and 45 
to support nozzles on the tool body are a pair of 
yokes 5 and 52. The yokes are of similar form, 
each comprising a metal plate having a central 
aperture dimensioned to fit loosely over the end 
of the tool body 2 and having laterally project 
ing arms apertured to receive the Studs. The 
couplings 47 engage the upper face of the yoke 
5 and act to clamp it rigidly against Stop shoul 
ders 53 formed on the studs 44. Nuts 54 threaded 
on the lower ends of the Studs 45 clamp the lower 
yoke 52 against stop flanges 55 formed on the 
studs. Thus the nozzles are supported by a rigid 
frame structure mounted for limited movement 
transversely of the tool body 2. 
Adjustment of the nozzles With respect to each 

other may be readily effected either by shifting 
the studs toward or from each other in the yokes, 
Alternatively, the nozzles may be readily replaced 
by nozzles of different length or shape or having 
different size Orifices. 
To guide the nozzle supporting structure in its 

lateral movements, the tool body 2 is formed 
With radially opening recesses 56 adapted to 
Snugly receive the inner ends of the nozzle Sup 
porting blocks 43. Which have their side edges 
tapered as shown in FigS. 9, 10 and 1 to permit 
them to fit between the adjacent abrasive stone 
carrierS. Detents 57, herein shown as Spring 
pressed balls carried by the blocks 43, engage the 
walls of the recesses to prevent undesired move 
ment of the nozzle Supporting structure. 

. Means is provided for automatically effecting 
the adjustment of the nozzles and associated Sup 
porting Structure to center the nozzles in a bore 
and maintain this central position throughout 
the honing Operation and thus compensate for 
uneven wear of the abrasive elements of the tool. 
The means provided for this purpose comprises a 
pair of plungers 58 slidably fitted in recesses in 
the blocks 43 for movement radially of the tool 
body into engagement. With the Walls of the bore. 
Springs 59 acting on collars 60 integral with the 
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plungers urge the latter OutWardly against the 
bore walls. Stop plates 6 Suitably attached to 
the plates for engagement by the collars 60 limit 
the OutWard movement of the plungers. In 
practice, the collars 60 are spaced inwardly from 5 

6 
the tips of the plungers so that in their limit posi 
tions contact between the plungers and the Work 
surface is interrupted during the final stages of 
the honing Operation. In this Way any possibil 
ity of the plungers marking the finished Surfaces 
is effectually avoided. 
When the honing tool is used for removing 

Small amounts of stock, a Single coolant Outlet 
may be used if desired. Moreover the automatic 
centering plungers may be replaced by fixed ad 
justing ScreWS 62 adapted to thread into the stop 
plates 6 and to bear against the tool body as 
ShOWin in Fig. 11. Thus by appropriate manipu 
lation of the Screws 62, the nozzles 42 may be 
shifted to Ward Or from the axis of the tool body 
and accurately centered With respect to the 
Working faces of the abrasive stones. 
AS stated heretofore, the Supply of liquid cool 

ant is delivered to the nozzles 42 through the 
distributor 50 Which acts to provide a connection 
between the rotating tool and a stationarily Sup 
ported coolant Source. As shown in Figs. 5 and 
6, the distributor comprises a central body in 
the form of a cylindrical enlargement of the 
driver 9. Wertical passages 2 in the body com 
municate at their lower ends with the tubes 48 
leading to the nozzles 42. Each passage 2 is 
closed at its upper end by a plug 13 and it is 
provided with a radially opening port T4 formed 
by a circumferential groove in the body . 

Rotatably mounted on the distributor body 
is a sleeve 5 having an inlet opening 76 to which 
coolant is delivered through a pipe 77. The inlet 
is alined with the groove forming the ports 74 
Whereby coolant is delivered to passages 2 dur 
ing the rotation of the distributor body relative 
to the sleeve 75 which remains stationary. To 
prevent endWise movement of the sleeve relative 
to the distributor body, the sleeve is confined 
between a flange 78 projecting outwardly from 
the lower end of the body and a collar T9 clamped 
to the body. 

Liquid coolant may be supplied to the dis 
tributor 5 for delivery to the nozzles 42 from 
any Suitable Source capable of delivering a sub 
stantially constant volume of liquid under pres 
Slife. AS ShoWn in Fig. 1, the coolant source com 
prises a constant volume adjustable delivery vane 
pump P driven by an electric motor M. f. The 
pump is adapted to draw liquid coolant through 
an intake line 79 from a settling tank or reser 
Voir R and discharge it under pressure through 
a pipe 80 to which the pipe 7 is connected as 
by a T-fitting 8. A pressure gauge 82 is con 
nected with the other outlet of the fitting 8 to 
Visually indicate the pressure in the coolant sup 
ply System. Adjustment of the pump output is 
effected in Well-known manner by means of a 
inanually operable adjusting member 83. 
Before the gauging apparatus is placed in oper 

ation the nozzles 42 are initially adjusted so that 
their outer ends are within but in close proximity 
to the cylindrical path described by the working 
faces of the abrasive elements 22 in the rotation 
of the tool. The nozzles are therefore separated 
by a relatively small gap 90 from the unfinished 
Walls of the bore thus providing a restricted out 
let for the fuid discharged from the nozzles. The 
Output of the pump P. may then be adjusted to 
provide any desired pressure for the outlet thus 
formed, the preSSure being indicated by the gauge 
82. As stock is removed by the tool (increasing 
the diameter of the Work in the case of an internal 
Cylindrical Surface and decreasing the diameter 
in the case of an external cylindrical surface), the 
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spacing of the work surface, from the nozzlesin 
creases thus increasing the area of the coolant 
outlet. and causing a pressure drop in the Supply 
system. This pressure: drop provides an accurate 
indication of the change in the diameter. Cf. the 
Work. 
For rough honing, where a substantial amount 

of stock is to-be-removed, operation of the gaug 
ing apparatus with outlets of Substantial area, 
that is, with relatively large gaps between the 
nozzles and the work surface and at relatively 
low, pressure will ordinarily be found most Satis 
factory. For example, the nozzles may be set to 
provide an initial gap of .015 inches between the 
outer end of each nozzle and the work Surface 
and the pump-delivery adjusted to produce a pres 
sure in the system of approximately twenty 
pounds per square inch, With this setting, re 
moval of .010 inch of stock and the consequent 
enlargement of the gap at each nozzle to .020 inch 
will result in a pressure drop of approximately 
ten pounds as indicated by the bracketed section 
X of the pressure curve shown in Fig. 13. In 
other words, under the conditions stated each 
pound, variation in the pressure corresponds ap 
proximately to .001 inch of stock measured on the 
diameter of the Work. 
For high precision finishing where relatively 

little-stock is removed, greater sensitivity is ob 
tained with a smaller outlet, that is, when the 
nozzles are set closer to the Work Surface and the 
pump adjusted for operation in the higher pres 
sure range indicated by the bracket Y in Fig. 13. 
Thus: With an initial gap of .007 inch between the 
outer end of each nozzle and the Work Surface 
and with the pump adjusted to produce a pres 
skre of seventy pounds per square inch in the 
coolant supply System, an increase of .002 inch 
in the spacing of the nozzles from the Work Sur 
face, or an increase of .004 inch in the Work di 
arnetter will result, in a preSSure change of ap 
proximately twenty pounds per Square inch. Ac 
cordingly, much more accurate gauging may be 
effected due to the relatively large pressure 
changes produced by relatively small changes in 
work diameter. 

It Will be understood, of course, that with either 
type of adjustinent, the gauging apparatus is 
calibrated initially with reference to a suitable 
gauge. When used with an external honing tool, 
a conventional cylindrical plug gauge is utilized 
for this purpose. For apparatus used with an in 
ternal honing tool, the ring gauge 4 is utilized 
as previously explained. The honing Operation is 
started with a substantially higher pressure than 
that produced by the calibrating gauge and the 
operation is continued until the pressure indicated 
by the gauge 82 corresponds exactly with that 
produced by the calibrating gauge. . It will also 
be understood that the gauging apparatus may 
be calibrated to indicate actual diameters, if de 
sired. 
The gauging apparatus above described is 

adapted to accurately indicate any variations in 
the diameter of a bore at any point throughout 
its length. Thus. When the tool is operating in a 
cylindrical bore having a slight taper developed 
in a preceding operation, the pressure of the cool 
ant is low when tile tool is located in the large 
end of the core as shown in Fig. 2, a pressure of 
forty-five pounds per square inch being indicated 
on the gauge 82 in this instance. As the tool is 
moved downwardly, to the smaller end of the 
bore the pressure gradually rises to approximately 
sixty pounds as shown: in Fig. 3, thus indicating 
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8 
a substantial contraction of the bore at that point. 
With these indications for guidance, the attend 
ant may operate the machine in Well-known man 
ner to “short-stroke' the tool within the con 
stricted area.. until the diameter is substantially 
uniform throughout...the length of the bore. The 
tool may then be traversed axially of the bore 
in the usual way... until the honing operation is 
Cornpleted. When the desired, final dimension is 
attained, the gauge. 82 registers a pressure: of 
twenty.' pounds, per square inch (Fig. 4). corre 
Sponding exactly with the indication given when 
the hone is associated with the calibrating gauge 
4t as shown in Fig.1 thus enabling the attend 
ant to terminate the honing operations: at the 
proper time. 

It. Will be apparent from the foregoing that the 
invention provides an improved method of gaug 
ing. Workpieces in process of being honed which 
permits the work to be finished precisely to de 
Sired dimensions without interrupting the honing 
operation. The time and labor required for pre 
cision finishing of cylindrical work by honing is 
substantially reduced thus increasing the produc 
tive capacity of the machine used for performing 
the honing Operation and correspondingly reduc 
ing the cost of the finishing operation.. Further 
more, due to the constant visible gauging, over 
Size honing of the Work is avoided thus elimi 
nating or Substantially, reducing spoiled or 
scrapped work. 
The invention also provides new and improved 

agparatus for carrying out the improved method 
of gauging. In particular, the apparatus is de 
Signed to utilize liquid coolant as the gauging 
medium, thereby adapting the fluid gauging 
method for use in the honing process which re 
quires. a constant flow of liquid coolant over the 
tool and work. It should be understood, however, 
that the gauging apparatus can be operated with 
liquids other than the coolant ordinarily employed 
in honing provided such liquids do not interfere 
with the proper functioning of the coolant. As a 
matter. Of convenience, the gauging apparatus 
may be in Corporated directly in the tool. 
The improved apparatus is simple and rugged 

in construction and yet adapted to provide ex 
tremely accurate measure of the work size. When 
desired, a-continuous indication of size is available 
thus: providing for accurate gauging of a bore or 
the like, during the entire operation. Moreover, 
a. cylindrical workpiece may be gauged accurately 
throughout its length with a minimum-of effort on 
the part of the operator and without loss of time. 
While the exemplary gauging method and ap 

paratus. Contemplates the discharge of a constant 
Volume of liquid coolant... through the gauging 
outlets. With measurement of pressure variations, 
it will be appreciated that the pressure of the 
liquid could be maintained constant and the varia 
tions...in the Volume of discharge measured in 
stead. In either case, the area of the outlets de 
fined by the gauging member and the work sur 
face affects, the fioW of liquid in a manner sus 
ceptible of accurate measurement. Accordingly, 
the term "flow' as used. herein is intended to 
apply to either mode of operation. 

I claim as my invention: 
l, Ahoning tool having, in combination; a rigid 

body. Supporting a circular series of elongated 
abrasive... elements, nozzle. supporting members 
disposed-on opposite sides of the tool body, studs 
projecting from the upper and lowerfaces of said 
members, and a pair of yokes... connecting said 
Studs to form a rigid frame structure, said tool 
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body being recessed for the reception of said 
inembers whereby to guide the frame structure 
for novement radially of the tool body, and ad 
justable means carried by said members coacting 
With said tool body to determine the position of 
said frame structure with respect to the tool 
body. 

2. A honing tool having, in combination, a rigid 
body supporting a circular Series of abrasive ele 
inents, nozzle Supporting members disposed on 
Opposite sides of the tool body, studs projecting 
froin the upper and lower faces of the members, 
and yokes Connecting Said Studs With the tool 
body, one of the studs associated with each of said 
members having a paSSage for conveying liquid to 
the nozzle supported by the member. 

3. A honing tool having, in combination, a rigid 
body supporting a circular series of - elongated 
abrasive elements, inozzle Supporting members 
disposed on Opposite Sides of the tool body, Studs 
projecting from the upper and lower faces of Said 
members, and a pair of yokes at Opposite ends of 
said tool body, said studs being rigidly clamped 
to said yokes for Supporting the members on the 
tool body. 

4. A honing tool having, in combination, a rigid 
body Supporting a circular Series of elongated 
a brasive elements, nozzle Supporting nenbers 
disposed on Opposite Sides of the tool body, Studs 
projecting from the upper and lower faces of 
said members, and a pair of yokes connecting said 
studs to form a rigid frame structure, said tool 
body being recessed for the reception of Said 
members whereby, to guide the frame structure 
for movement radially of the tool body. 

5. A honing tool having, in Combination, a 
body, a plurality of abrasive elements supported 
on said body in a circular Series, a pair of rigidly 
connected members mounted on said body for 
limited movement transversely of the axis of the 
body, said members adapted to coact with the 
Surface of a cylindrical Workpiece to define a 
pair of outlets located on Opposite sides of the 
tool, spring pressed plungers mounted on said 
inenbers adjacent the outlets adapted to engage 
with the Work Surface to center the outlets there 
in, and means limiting the movement of said 
plungers to interrupt their contact with the work 
Surface as the Workpiece approaches its finished 
dimensions. 

6. A honing tool having, in combination, a body, 
a plurality of abrasive elements Supported. On Said 
body in a circular series, a pair of members 
mounted on said body and rigidly connected to 
gether for limited movement transversely of the 
axis of the body, said members being adapted to 
coact with the surface of a cylindrical workpiece 
to define a pair of outlets located on Opposite 
sides of the tool, and means operative automati 
cally to center said members with reference to 
the Workpiece. 

7. A honing tool having, in combination, a 
rigid body, a plurality of elongated abrasive ele 
ments supported on said body in a circular Series 
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and movable radially thereof for engagement 
With the cylindrical Surface of a workpiece, men 
berS mounted on said body for limited movement 
as a unit tra,InSVersely of the axis of the body, 
said members being adapted to coact with the 
Surface of the Workpiece to define a pair Of out 
lets located on opposite sides of the tool and 
maintained Substantially equal in effective area, 
by the unitary movability of said members, and 
means CCnnecting Said outlets. With a, Source of 
liquid under pressure. 

8. In a honing tool in combination, a rigid 
body, a plurality of abrasive elements supported 
On Said body in a circular Series and movable 
radially thereof for engagement with a cylin 
drical work Surface, a frame mounted on Said 
body for movement transaxially of the body, 
a, Ozzie cariied by Said frame with its outlet 
disposed in close proximity to the Work Surface, 
Imeans carried by Said frame coacting with the 
Work Surface to center the frane Within the Work 
Whereby to maintain uniform spacing of said 
nozzle from the Work Surface while the too is 
traVersed through the Work, and ineans coinect 
ing said nozzle with a source of fluid under pres 
Se. 

9. The combination with a rigid body adapted 
to be traversed axially through a cylindrical bore, 
of a plurality of nozzles Spaced circumferentially 
around Said body for coaction. With the surface 
of the bore, and a frame supporting said noz 
zles in fixed spaced relation, said frame being 
mounted On Said body for movement transaxially 
thereof to enable said nozzles to be centered in 
Said bore irrespective of the position of the body 
therein, and means connecting said nozzles with 
a SOLIrce of fluid under pressure. 

10. The combination with a rigid body adapted 
to be traversed axially through a cylindrical bore, 
of a frame mounted on said body for movement 
transaxially thereof, a nozzle carried by said 
frame With its outlet disposed in close proximity 
to the walls of said bore, a plurality of circum 
ferentially spaced plungers mounted in said 
frame and yieldably urged into engagement with 
the Walls of the bore to maintain said frame sub 
Stantially centered therein independently of the 
position of said body, and means connecting said 
nozzle With a Source of fiuid under pressure. 

11. The method of gauging a cylindrical bore 
in process of being operated on by a honing tool 
Which comprises, traversing a plurality of cir 
Cumferentially spaced nozzles axially of the bore 
With a honing tool, discharging a constant vol 
lume of liquid coolant through said nozzles against 
the Walls of Said bore, measuring changes in the 
preSSure of the liquid to detect changes in the 
restrictive action of the bore Walls upon the dis 
charge of the liquid from said nozzles, and main 
taining Said nozzles Substantially centered in the 
bore irrespective of the position of the honing 
tool therein. 
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