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UNITED STATES PATENT OFFICE 
2,270,590 

HONING MACBNE 

Albert M. Johnson, Rockford, Ill, assignor to 
Barnes Drill Co., Rockford, Ill., a corporation of 
Illinois 
Application October 10, 1938, serial No. 234,146 

(C. 51-34.) 23 Claims. 
The invention relates to the art of dressing 

cylindrical surfaces, and more particularly to an 
improved method of and machine for honing such 
surfaces to a true contour and Smooth finish. 
The honing of cylindrical work pieces to ex 

act dimensions and with an extremely smooth, 
accurate surface finish is ordinarily carried out 
in several steps such as a rough honing step and 
a finish honing step. For rough honing, the tool 
is equipped with relatively coarse abrasive stones 
adapted for the removal of a substantial amount 
of metal. So that the major Surface irregularities 
may be removed and the work reduced approxi 
mately to the desired size in a minimum of time. 
The finish honing step is performed by a tool 
equipped with finer abrasive stones which re 
move the remainder of the stock, usually only a 
Small amount, and leave the surface with an ex 
tremely smooth finish. 
Due to their different operating characteristics, 

rough and finish honing tools have widely dif 
fering operating irequirements. For this reason, 
it has heretofore been the practice to perform the 
rough and finish honing operations on separate 
machines, or, in cases where only One machine is 
available, to rough hone the entire lot of work 
pieces, change the tool and reset the machine for 
finish honing. In either case, considerable man 
ual handling of the work is involved such as 
transferring work from one machine to the other 
or setting it up twice on the same machine. 
The principal object of the present invention 

is to increase productive capacity by substantially 
reducing the amount of manual handling of the 
work required for rough and finish honing. To 
this end, the invention provides a novel method 
of honing wherein honing tools having different 
abrasive capacities are rotated at the same speed 
and reciprocated through the same number of 
strokes while the pressure exerted by the respec 
tive tools on the work is varied in accordance 
with their respective metal removing or abrasive 
capacities. In this way, a proportionate share of 
the work to be done is properly allocated to each 
of the tools. So that the entire finishing opera 
tion can be performed in a single machine with 
out intermediate handling of the work. 
Another object is to provide a novel honing 

machine adapted to rough and finish hone cylin 
drical work pieces in accordance with the in 
proved honing method. 

It is also an object of the invention to provide 
a multiple spindle honing machine embodying 

O 

5 

the pressure exerted on the work pieces by the 
honing tools carried on the several spindles. 
Another object is to provide an improved hon 

ing machine particularly suitable for mass pro 
duction methods. w 
Another object is to provide an improved work 

clamping means for use in connection with an 
indexing work support, which clamping means 
is operative to hold the work securely in position 
during metal removing operation, such as honing 
or lapping, without subjecting the work support 
to excessive strains. 
Another object is to provide a honing machine 

having control means of novel and advantageous 
character for controlling and coordinating the 
operation of tool actuating means, work indexing 
means and Work clamping means to insure Oper 
ation of these elements invariably in propertimed 
relation. 
A further object is to provide an improved 

honing machine embodying novel tool actuating 
means and controls therefor, whereby with 
drawal of the tool from the work is delayed until 
the tool has been contracted or collapsed suff 
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ciently to insure against injury either to the tool 
or work incident to such withdrawal. 
Other objects and advantages of the invention 

will become apparent from the following detailed 
description of the preferred embodiment illus 
trated in the accompanying drawings, in which: 

Figure 1 is a perspective view of a honing ma 
chine embodying the features of the invention. 

Fig. 2 is a vertical sectional view of the work 
supporting and clamping mechanism. 

Fig. 3 is a horizontal sectional view taken along 
the line 3-3 of Fig. 2 showing details of the 
mechanism for indexing the work support. 

Fig. 4 is a plan view of the work support with 
the tool guiding and clamping fixture broken 
away to show the relative positions of the Work 
holding fixtures. 

Fig. 5 is a diagrammatic view showing the re 
lationship of the various machine elements and 
the hydraulic circuits and actuating means for 
the machine. 

Fig. 6 is a schematic diagram of the electrical 
control system of the machine. 
The improved method of honing may be car 

ried out with various types of honing or lapping 
machines for dressing either internal or exter 
nal cylindrical surfaces. For purposes of illus 
tration, I have herein disclosed a vertical hon 
ing machine for operating on internal cylindrical 
surfaces wherein the tool is rotated and recip 

improved means for independently controlling 55 rocated while the work is held stationary. It is 
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to be understood, however, that the invention is 
not limited to the particular form or environ 
ment shown but embraces all modifications, 
adaptations and alternative constructions fall- . 
ing within the spirit and scope of the appended 5 
claims. 

Referring now to Fig. 1 of the drawings, the ill 
lustrative machine comprises generally a hollow 
base 8 from which rises an upright frame 
structure or column 9. A pair of guide bars 10 
mounted on the face of the column in parallel 
spaced relation constitute a guideway for a mull 
tiple spindle reciprocatory tool head which, 
in the present instance, is adapted to be sup 
ported on the guide bars by a spool-shaped roll- lj 
er bearing 2 as shown in Fig. 4. 
The illustrative machine is of the two-station 

type, that is, it is adapted to operate On two 
separate work pieces simultaneously. The ma 
chine accordingly is provided with two working 20 
stations and a loading and unloading station, 
while the head is equipped with two spindles, 
that is, one at each working station. As herein 
shown, the head is equipped with a spindle 3 
at the first Working station and a similar spin- 25 
dle 4 at the second working station. In case it 
is desired to perform more than two operations 
at a time or to perform similar operations on 
more than one work piece at a time, additional" 
tool spindles may be provided as required. 

Floatingly mounted on the lower ends of the 
tool spindles 3 and f4 are honing tools 5 and 
5a of well known construction each comprising 
a series of elongated abrasive elements arranged 
around a cylindrical holder for radial movement 35 
into or out of engagement with the surface of 
a work piece. The honing tool 5 carried by the 
spindle 3 at the first working station to which 
work pieces are initially presented may be con 
veniently equipped with relatively coarse abra- 40 
sive elements adapted for the removal of a sub 
stantial amount of metal as is desirable in rough 
honing, while the honing tool. 5a carried by the 
spindle 4 is equipped with finer abrasive stones. 
adapted for the removal of a smaller amount of 45 
metal but capable of producing a smooth finish 
necessary for finish honing. 

In the honing operation, the abrasive elements 
of the tool are rubbed over the surface of the . 
work piece with simultaneous rotational and 50 
reciprocatory movements, the abrasive elements 
of the tool being shifted radially outwardly or 
"expanded' so as to exert a substantial pressure 
on the surface being operated on. In dressing 
external cylindrical surfaces, the abrasive ele- 55 
ments of the tool will be shifted radially in 
wardly or "contracted,” as is well understood in 
the art. It will be understood further that the 
rotational and reciprocatory movements of the 
tool and work are relative and may be effected G0 
by movement of either the tool or the work. In 
the machine illustrated, the tools are rotated 
and reciprocated while the work pieces are held 
stationary. The means provided for effecting 
such rotation and reciprocation are arranged to 65 
be hydraulically actuated, although any other 
suitable power actuating means may be employed 
as desired. It is also preferred to employ hy 
draulic actuating means for expanding the tools 
in order to insure uniform pressure of the abra- 70 
sive stones on the work throughout the honing 
operation. 
The means for rotating the honing tools, as 

herein shown, comprises ... a rotary hydraulic 
motor 6 drivingly connected with the tool spin 
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diles S and 4 by a splined drive shaft and 
suitable gearing enclosed in the column 9 and 
head f, as shown diagrammatically in Fig. 5. 
The motor is preferably of the variable speed 
type so that the rotational speed of the tools 
may be synchronized with their reciprocatory 
speeds as required to provide any desired "cross 
hatch' finish. Pressure fluid is supplied to the 
spindle driving motor 6 by a pump 2 which 
draws the fluid from a reservoir or sump 22 and 
delivers it through suitable hydraulic circuits 
including a reversing valve W- Operable to 
either of two positions to govern the direction 
of rotation of the motor and thus the direction 
of rotation of the honing tools. The valve W 
is arranged to be operated to its alternating posi 
tions by solenoids WS- and WS- under con 
trol of an electrical control system to be de 
scribed hereinafter. An electric motor 22, drives 
the pump 2 continuously while the machine is 
in Operation. 

Reciprocation of the head if and the honing 
tools carried thereby is effected by a piston 23 
connected with the head by a piston rod 24. 
The piston 23 is arranged to operate in a cylinder 
25 rigidly supported in a vertical position on 
the upper end of the column 9. Pressure fluid 
is supplied to the cylinder 25 by a pump 26 driven 
by an electric motor 27. Interposed between 
the pump and the cylinder is a stop valve V-2 
and a reversing valve W-3. Wave V-2 is pref 
erably spring-biased to a stop position in which 
pressure fluid is shut off from the cylinder 25. 
Operation of the valve to open position for initi 
ating reciprocation of the tool head is effected 
by a valve operating Solenoid WS-2. 
The reversing valve W-3, which controls the 

supply of pressure fluid to the upper and lower 
ends of the cylinder 25 alternately to reciprocate 
the piston 23, is preferably arranged for hy 
draulic operation under control of a pilot valve 
PW. The pilot valve in turn is operated in well 
known manner by means of a control rod 28 
adapted to be shifted at each end of the tool 
stroke by a stop arm 29 on the head. The stop 
arm is positioned for engagement with upper and 
lower limit stops 30 and an intermediate stop 3 
on the control rod. The lower stop 30, together 
with the intermediate stop 3, normally cooperate 
to confine the movement of the head within a pre- . 
determined range of travel, thus defining the 
working stroke of the tool. The upper limit stop 
defines the uppermost limit of movement of the 
head. 
In order to dissociate the tool and the work, 

a pull-out solenoid PS is arranged to rock the 
control rod 28 about its axis so as to move the 
intermediate stop 3 out of the path of the arm 
29 whereby the head may move beyond its nor 
mal range of travel and withdraw the tools from 
the work pieces. Control of the various valve 
operating solenoids and the pull-out Solenoid is 
effected by suitable electrical switches and relays 
incorporated in the control system to be de 
scribed hereinafter. 

Expansion and contraction of the tools 5 and 
f5. is effected by means of pistons 32 and 32 
operating in cylinders 33 and 33 carried on the 
head . The pistons are connected with ex 
panding mechanism of the respective tools by 
rods 34 and 34 extending axially through the 
tool spindles. With the pistons in the upper 
ends of their respective cylinders as shown, the 
tool actuating mechanism acts to contract or 
collapse the abrasive elements of the tools. 
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Movement of the pistons. to the lower end of 
their cylinders operates the actuating mecha 
nism to expand the abrasive elements into en 
gagement with the surface of the work piece. 
Movements of the pistons 32 and 32 for ex 

panding and contracting the tools is effected by 
means of preSSure fluid Supplied thereto through 
a reversing valve W-4. With the valve in the 
position shown, pressure fluid is supplied by way 
of a telescoping connection indicated generally 
at 35 to the lower ends of both cylinders. A 
Solenoid WS-4 is arranged to operate the valve 
to its alternate position in which pressure fluid 
is Supplied by Way of a telescoping connection 36 
to the upper ends of the cylinders. 
To provide for regulating or varying the pres 

Sure exerted by the tools on the respective work 
pieces in accordance with the metal removing 
or abrasive capacity of the tools, cylinders 33 
and 33 are equipped with an individual pressure 
control valve 37 and 37a by which the pressure 
exerted by the associated tool upon the work 
piece may be controlled independently. This 
permits accurate adjustment of the tool pressure 
in accordance with the particular type of tooi 
employed so that each of the tools may be ad 
justed to remove the desired amount of metal 
in the same number of strokes. In other words, 
the tools being reciprocated by a common head 
are thus enabled to perform different types of 
operations efficiently and accurately and without 
danger of either tool removing too much or too 
little metal from the work piece upon which it 
acts. Suitable pressure gauges 38 and 38 may 
be provided for indicating the pressure applied 
to the respective tools to facilitate adjustment 
Of the same. 

It has been found desirable to expand the 
tools with relatively light pressure during the 
initial stages of the honing operation and to in 
crease the pressure substantially as the honing 
proceeds so that the tool marks left by the pre 
ceding operation may be removed without danger 
of overloading or damaging the tool. Means is 
accordingly provided for supplying pressure fluid 
to the tool actuating means from two separate 
sources under the control of a suitable valve 
W-5. In the present instance, low pressure 
fluid is supplied by the pump 26 while high pres 
sure fluid is supplied by the pump 2. The sole 
noid W. 5 is operated by a solenoid WS-5 to de 
termine the particular source employed. Ener 
gization and deemergization of the Solenoid is 
effected automatically under control of a tin 
ing device incorporated in the electrical control 
circuit. 
While any suitable means may be utilized for 

holding the work in operative relation to the 
tools, the present machine embodies an indexing. 
work support for carrying the work between the 
various stations, together with automatically 
controlled power actuated clamping means for 
clamping the work securely in place during the 
honing operation. To this end, there is mounted 
on the base 8 immediately below the head a 
work supporting and clamping mechanism indi 
cated generally by the reference character 4 
(Figs. 1 and 2). The supporting mechanism 
includes generally a circular table 42 rigidly slip 
ported on the upper end of the vertically dis 
posed shaft 43 which is journaled at its lower 
end on a sub-base 44 suitably secured to the 
base 8. The shaft 43 and table 42 are adapted 
to be indexed, that is, rotated step by step, to 
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carry work pieces 45 into position to be operated 
on by the tools 5 and 5. 
As shown in Figs. 1 and 4, the table is equipped 

with three work holders 46 appropriately shaped 
to hold the work pieces 45. The work holders 
are spaced apart around the table similar to the 
spacing of the spindles 3 and 4 in the head. 
Accordingly, when the table is in a set position, 
One work holder is disposed at the first Working 
station, that is, below the tool 5, the adjacent 
work holder is at the second working station or 
below the too 5 and the third work holder is 
at the loading and unloading station where it 
is clear of the tools and clamping mechanism 
SO that the work pieces may be conveniently 
loaded thereon or removed therefrom. 

Rotation of the table through one step ad 
vances the first Work holder to the second work 
ing station and the newly loaded third Work 
holder to the first station at which the rough 
and finish honing operations may be performed. 
The second work holder is advanced to the load 
ing and unloading station at which the finished 
workpiece may be removed and a new workpiece 
Set in place to be operated on in the succeeding 
cycle of the machine. In this way, the work 
pieces are fed through the machine in succession 
and two Work pieces are operated on simulta 
neously in each machine cycle, one piece being 
rough honed at the first station and the other 
piece being finish honed at the second station. 
The means for indexing the table 42, as herein 

shown, includes a piston 51 (Fig. 5) operating 
in a horizontally disposed cylinder 52 located at 
One side of the sub-base 44. A piston rod 53 
projects forwardly from the cylinder and is 
formed with rack teeth 54 (Fig. 3) meshing with 
the teeth of a ring gear 55 which encircles a disk 
shaped enlargement 56 rigid with the lower end 
of the table supporting shaft 43. Forward and 
return movements of the piston thus serve to 
Oscillate the gear 55 through an angle of approx 
imately 120°. 

50 
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Movements of the gear 55 in one direction are 
utilized to advance or index the table 42. For 
this purpose the gear is operatively connected 
With the enlargement. 56 through the medium 
of a one-way driving connection provided by a 
latch member in the form of a lever 57 pivoted 
intermediate its ends in a circumferential slot 
58 in the gear 55. The forward end of the latch 
is formed with an inwardly projecting lug 59 
adapted to enter suitable notches 60 in the pe 
riphery of the member 56. Three notches so 
are provided in the present instance, these 
notches being spaced circumferentially around 
the member in the same relative positions as the 
Several work holders so that the holders will be 
properly positioned with respect to the tools 
when the ring member is advanced through a 
full step by forward movement of the piston 5. 
The lug 59 is yieldably held in the notch, so 

by a Spring 6 which acts on the forward end of 
the lever 57, thus completing the driving con 
nection between the ring gear 55 and member 
56. In order to permit return movement of the 
ring gear while the table remains in advanced 
position, the driving connection is interrupted at 
the end of the indexing stroke. To this end, a 
plunger 62 is positioned for engagement with the 
rear end of the lever 57 when the ring gear is 
fully advanced by the forward movement of the 
piston 5. As herein shown, the plunger 62 is 
slidably supported in a suitable bearing in the 
Sub-base 44 for movement toward and from the 
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lever. The plunger is held in a withdrawn posi 
tion during the indexing operation and, at the 
proper point in the machine cycle, is advanced 
through the medium of a link 63 connected with 
a crank arm 64 fast on a rock shaft 65 jour 
nailed on a bracket 66 secured to one side of the 
sub-base 44. The shaft 65 is arranged to be 
rocked periodically by a piston 67 operating in a 
cylinder 68 (Fig. 5). Projecting forwardly from 
the piston 67 is a piston rod 69 (Fig. 2) which 
is formed with a cylindrical enlargement to hav 
ing rack teeth meshing with the teeth of a 
pinion 2 fast on the shaft 65. The forward 
movement of the piston 6 thus acts to rock the 
shaft 65 in a clockwise direction, as viewed in 
Fig. 2, and the plunger 62 is thus moved for 
wardly to engage the rear end of the lever 5 
and rock the lever against the action of the 
spring 6 to withdraw the lug 59 from the notch 
60. The lever is held disengaged until the ring 
gear 55 is turned back sufficiently to prevent the 
lug 59 from again entering the notch 60. The 
lug then rides over the surface of the member 
56 until the return stroke of the piston is COm 
pleted, at which time the lug drops into the next 
notch 60 of the member. The mechanism is now 
in condition to advance the shaft 43 and table 
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42 another step in response to the next opera 
tion of the piston 5. 

In order to avoid any possibility of rearward an 
movement of the table due to friction of the 
parts, and to accurately locate the Work pieces 
with respect to the tools, means is provided for 
locking the work supporting mechanism in set 
position during the honing operation. To this 
end, the cylindrical member 70 on the piston rod 
69 is formed with a forwardly projecting element 
3 constituting a locking pin which is adapted 

to enter suitable locking recesses 4 formed in a 
hub 75 rigid with the shaft 43. Referring to 
Fig. 2, it will be observed that the end of the lock 
ing pin is tapered and the recess 4 is fitted with 
a correspondingly tapered bushing 76. The pin 
and bushing thus coact to shift the support in 
either direction as required to accurately posi 
tion the Work relative to the tools. The locking 
pin also serves to hold the table rigidly against 
movement during the return movement of the 
ring gear 55 and While the honing operation is 
being carried out. Since the locking pin 74 is 
operated by the piston 67 which also operates 

... the unlatching plunger 62, it will be apparent 
that the work table will be locked simultaneously 
with the withdrawal of the latch 5, thus insur 
ing against any movement of the table on the 
return stroke of the indexing piston. 
The Work clamping mechanism in the present 

instance is entirely independent of the work 
table, thus enabling the work to be clamped 
rigidly in place without subjecting the table to 
excessive strains. 
herein shown is carried on a slide 8 mounted 
on a dove-tailed slideway 82 formed on the face 
of the Column. 9 so that the entire mechanism 
may be adjusted relative to the work table to ac 
commodate different classes of work. Rigid with 
the slide 8 is a forwardly projecting bracket 
having a central hub portion 82 from opposite 
sides of which project horizontally disposed 
brackets 83. The hub portion 82 is formed with 
a vertical bore 84 constituting an upper bear 
ing for the table supporting shaft 43. 

Bolted or otherwise secured to the brackets 83 
is a generally U-shaped bridging member 86 ex 
tending Over the work table 42. The member 86 
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is apertured at each work station, and in each 
aperture is secured a fixture 8 having a series 
of downwardly projecting Work engaging ele 
ments 88. A wear block 89 of steel or other suit 
able material is fitted on the lower end of each 
element for engagement with the upper surface 
of a Work piece 5. A guide bushing 90 set in a 
vertical bore in the fixture serves to guide the 
tool into the work. 

In order to hold the work rigid during the hon 
ing Operation without imposing excessive strains 
on the work table, the work piece is lifted from 
the holder 46 and clamped against the work en 
gaging elements 88 by suitable power actuated 
means, Lifting and clamping means is provided 
at each working station. This means, as herein 
shown, comprises a piston 9 f operating in a 
vertically disposed cylinder 92 secured to the un 
derside of the bracket 83 below each fixture 87. 
The piston has a piston rod 93 which projects 
through the bracket 83 and at its upper end car 
ries a work engaging pad 94 adapted to engage 
the lower end of the work piece 45 which ex 
tends through an aperture in the work table as 
shown in Fig. 2. When pressure fluid is intro 
duced into the lower end of the cylinder 92, 
the piston 9 is moved upwardly and lifts the 
Work piece off of the holder 46 and into engage 
ment with the blocks 89 of the work clamping 
fixture, thus holding it independently of the 
table 42. 
A sheet metal pan or casing 95 mounted on 

the brackets 83 encircles the work table 42 and 
Serves as a temporary reservoir for the coolant 
which is directed over the tools in well known 
manner during the honing operation. The cas 
ing is provided with a central aperture for the . 
shaft 43 and suitable apertures for the piston 
rods 93. These apertures are formed with up 
Wardly extending flanges 96 to prevent leakage 
of coolant. The pads 94 are also formed with 
downwardly extending flanges 97 to prevent the 
Coolant from splashing over the flanges 96 en 
circling the piston rod apertures. As shown in 
Fig. 1, drain pipes 98' extend from the casing 
95 to a suitable coolant reservoir within the base 
8 whereby the coolant is returned to the reser 
voir for filtering and storage. 

Pressure fluid is supplied to the indexing cyl 
inder 52 and the work clamping cylinders 92 by 
a pump 98 (Fig. 5) driven in tandem with the 
pump 26 by the motor 27. The cylinders re- . 
ferred to are connected with the pump by a hy 
draulic circuit in which are interposed suitable 
valves including a main control valve V-6, pres 
sure actuated valves PW-, RV-2 and PW-S, 
and check valves CW-, CW-2, CW-3 and 
CW-4. These valves are arranged in the circuit 
in Such manner as to effect operation of the 
indexing and clamping mechanisms in predeter 
mined sequence. 
The operation of the indexing and clamping 

control system will be most readily understood 
when considered in connection with the opera 
tion of the electrical control system shown in 
Fig. 6, which governs the cyclic operation of the 
entire machine. This latter system is arranged 
to initiate the operation of the various machine 
elements in proper timed relation in response to 
the actuation of a single manually operable cycle . 
starting switch. Before the operating cycle is 
initiated, the pump motor 27 is started by mo 
mentary closure of a push button switch S 
which completes an energizing circuit for a relay 
R-f. The relay closes a holding switch R- to 
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complete a holding circuit for itself by Way of a . 
normally closed, manually operable stop Switch 
S-2. The relay R- also closes a switch R-2 
to connect the motor 27 across the line conductors 
L-, L-2 and L-3 over which electric power is 
supplied to the machine. 
With the motor 27 running, pressure fluid is 

available for operating the indexing and clamp 
ing mechanisms and the tool reciprocating mech 
anism. Assuming for the purpose of illustration 
that the machine has just completed an oper 
ating cycle, the various machine elements and 
control valves will be in the positions shown in 
Fig. 5. A new work piece is now placed on the 
work holder at the loading station and the ma 
chine is ready for the next operating cycle. 
The operating cycle is started by momentary 

closure of a manually operable start switch S-3 
which completes an energizing circuit for a start 
ing relay R-2. The relay closes switch R-2, 
thereby completing a holding circuit for itself by 
way of a normally closed stop switch S-4. A 
parallel circuit is closed for the valve operating 
solenoid VS-6 which operates the valve V-6 to 
its alternate position, thereby directing pressure 
fluid through the pressure operated valve PW 
to the upper ends of the cylinders 92. The 
pistons 9 move downwardly to unclamp the work 
pieces and deposit them on the work holders 46 
at the first and second working stations. Spent 
pressure fluid from the lower ends of the cylin 
ders 92 is returned to the sump 22 by way of 
the check valve CW-l. When the pistons 9 
reach the ends of their strokes, pressure builds 
up in the system until the valve PW- opens and 
admits pressure fluid to the inner end of the 
locking cylinder 68. This shifts the piston 6 
outwardly, withdrawing the pin 3 to unlock the 
work table and at the same time withdrawing the 
latch operating plunger 62 (Fig. 2). 
As the piston 67 approaches the end of its 

stroke, it uncovers a port in the cylinder 68 
which permits pressure fluid to flow into the 
outer end of the indexing cylinder 52. The piston 
5 accordingly executes its indexing stroke, that 
is, it moves inwardly, and through the medium 
of a piston rod 53, ring gear 55, and the one-way 
driving connection hereinbefore described, it ad 
vances the work table one step. Spent pressure 
fluid from the inner end of the cylinder 52 is dis 
charged through an unrestricted port 99 until 
the piston covers that port as it approaches the 
end of its stroke. Thereafter, pressure fluid is 
discharged through a port 99 and a control 
valve RV which has an adjustable restricted 
opening... The valve RWrestricts the flow of pres 
sure fluid from the cylinder, thus slowing down 
the movement of the piston so that the work 
table may be brought to a stop without shock or 
Jat. 
When the piston 5 reaches the end of its 

stroke upon completion of the indexing opera 
tion, the piston rod 53 operates a switch S-4 
which opens the holding circuit of the relay R-2. 
The relay in turn opens the circuit of the solenoid 
WS-6 which permits the plunger of the valve 
W-6 to return to normal position. Pressure 
fluid is now directed into the Outer end of the 
locking cylinder 68 moving the piston 6 in 
Wardly and thereby advancing the locking pin 
T3 into table locking position. This movement 
of the piston is also operative to advance the 
plunger 62 and interrupts...the driving connection 
between the ring gear 55 and the table support 
ing mechanism as hereinbefore described. 
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As the piston 67 approaches the end of its in 
ward stroke, it uncovers a port which admits 
pressure fluid to the pressure controlled valves 
PV-2 and PW-3. Walve PW-3 is set to open 
when the pressure builds up to a predetermined 
point and, on opening, admits pressure fluid to 
the lower ends of the clamping cylinders 92. The 
pistons 9 are therefore moved upwardly to clamp 
the work pieces against the fixtures is carried on 
the stationary clamping member 86. After the 
pistons complete their camping strokes, pressure 
in the hydraulic System builds up further until 
it is sufficient to operate the valve V-2 which 
directs the fluid into the inner end of the index 
ing cylinder 52. In this instance, the restricted 
opening valve is by-passed, the fluid entering 
the cylinder by way of the check valve CW-2 and 
the port 99 so that the return movement of the 
indexing piston is effected without delay. Spent 
pressure fluid is exhausted from the outer end 
of the cylinder 52 by way of a check valve CV-3 
which by-passes the cylinder 68 through which 
pressure fluid was supplied to the cylinder in the 
initial portion of the cycle. 
As a result of the operation of the indexing 

and clamping mechanism above described, new 
work pieces are presented in operative relation 
to the honing tools 5 and 5 and the honing 
operation may now be initiated. This operation 
is started automatically incident to the return 
movement of the indexing piston 53. To this end, 
the piston rod 53 is formed with a notch f(t) 
(Fig. 5) arranged to engage an operating member 
Of of a starting switch S-5. The switch S-5 

is closed momentarily and Completes an energiz 
ing circuit for a relay R-3. The relay in turn 
closes switch R-3 to energize the waive solenoid . 
WS-2. As previously explained, the Solenoid 
VS-2 operates the valve V-2 to start the re 
ciprocation of the tool head . 
As the tool head begins its downward move 

ment, it closes a maintaining Switch S-6 by 
means of a cam 02. This switch is interposed in 
a holding circuit for the relay R-3 and serves 
to maintain the relay R-3 energized and thus 
continue the Supply of pressure fluid to the re 
ciprocating mechanism. Anormally closed, man 
ually operable stop switch S-7 is connected in 
series with the Switch S-6 so that reciprocation 
of the tool head may be interrupted at any time 
if desired. Further, a normally open, manual 
opérable switch S-8 is connected in shunt of 
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the Switches S-5 and S-6 so that reciproca 
tion of the tool head may be initiated inde 
pendently of the indexing mechanism when the 
machine is being set up or adjusted. 
The tool head f continues its downward move 

ment and carries the tools 5 and 5 into the 
work pieces. As the tools enter the work, a cam 
03 on the head closes a switch S-9 which com 

pletes circuits for a spindle motor starting relay 
R-4, a tool expanding relay R-5 and an elec 
trically driven timing device TM-f. The relay 
R-4 opens switch R-4 and closes switch 
R-42. Switch R-4 opens the starting circuit 
for the relay R-2 so that the relay cannot be 
energized to start the indexing mechanism while 
the tools are operating on the work. Switch 
R-42 completes a circuit for a relay R-6 which 
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closes switch R-6 to connect the motor 22a 
across the line conductors L-1, I-2 and L-3. 
As previously explained, motor. 22a drives the 
pump 2 which Supplies pressure fluid to the 
spindle rotating motor 6. Motor 6 therefore 
operates to rotate the tools 5 and 5a, 
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Relay R-5, on energizing in response to the 

closure of the switch S-9, closes a switch R-5 
to energize the valve operating solenoid WS-4. 
The solenoid operates the reversing valve W-4 
whereby pressure fluid is directed into the upper 
end of the tool expanding cylinders 33 and 3. 
Pressure fluid supplied to the cylinders at this 
time is derived from the low pressure pump 2, 
and accordingly the tools exert a relatively light 
pressure on the work. 
As the tool head approaches the lower limit of 

its working stroke, the stop arm 29 engages the 
lower limit stop 30, and through the control rod 
28 and pilot valve PV, operates the valve V-3 
and reverses the direction of movement of the 
head. At the upper end of the working stroke, 
the stop arm engages the intermediate stop 
and again reverses the position of the valve W-3. 
This sequence of operation is repeated and the 
tool head is thus reciprocated through its normal 
range or working stroke in which the tools are 
traversed over the surfaces of the respective 
work pieces. 
The timer TM-1, which is started in operation 

simultaneously with the expansion of the tools, 
may be of any suitable type. As herein shown, 
it is arranged to be driven by a relatively small 
electric motor shown diagrammatically as con 
prising an armature A and field winding W. The 
timer is arranged to close switches TM- and 
TM-2 after a predetermined time. Closure of 
the switch TM-1 energizes the solenoid WS-5 
which operates the valve W-5 to switch over the 
tool expanding mechanism from the low pressure 
pump 26 to the high pressure pump 2. The 
pressure exerted by the tools on the Work is 
therefore increased to its maximum so that the 
tools may operate with greater efficiency. It will 
be understood that the timer TM-1 is adjust 
able so that the time required for the Switches 
to close may be varied as required to permit the 
tools to remove the most prominent surface if 
regularities from the work before they are ex 
panded with full pressure. 
The closure of the switch TM-2 starts a 

second timer TM-2 provided for timing the 
honing operation. This timer is likewise adjust 
able so that the length of the honing operation 
can be varied as required for different classes of 
work. At the end of the predetermined time 
for which the timer is set, it closes a switch 
TM-2 to complete a circuit for a relay R 
which opens its switch R-7 to deemergize re 
lay R-5 and thus initiate the collapse of the 
tools 5 and 5a. Such collapse is brought about 
by the deemergization of the Solenoid WS-4 
which permits the reversing valve W-4 to return 
to normal position and direct pressure fluid into 
the lower ends of the cylinders 33 and . 

Relay R-1 also closes a switch R-72 to start 
a third timer TM-3 which may be similar to 
the timer TM-4 above described. This timer is 
arranged to modify the action of the reciprocal 
tion controlling mechanism whereby to effect 
movement of the tool support or head beyond 
its normal range of travel in the working stroke 
and thus dissociate the tools from the work. The 
timer is set to allow sufficient time for the col 
lapse of the tools before the tools are with drawn from the work. This is to guard against 
injury to the tool or work incident to such with 
drawal. 
The withdrawal of the tools is effected by clo 

sure of the timer switch TM-3 which completes 
a circuit for a pull-out relay R-8. The relay, 
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by closing its switch R-8, energizes the pull 
out solenoid PS. As explained hereinbefore, the 
solenoid rocks the control rod to move the inter 
mediate stop 3 out of the path of the stop arm 
29 so that the head f is permitted to move to 
its uppermost position and withdraw the tools 
from the work. Since the tools are collapsed 
at this time, any possibility of injury to the 
tools or work is effectually avoided. When the 
head reaches its upper limit position, the ma 
chine cycle is terminated by the opening of the 
cam operated switch S-6. 
The control system also includes means where 

by the direction of rotation of the tools may 
be controlled either automatically or manually. 
The automatic or manual character of the con 
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trol is determined by the position of a manually 
operable switch S-2. When the switch is oper 
ated to its upper position, it connects up an 
electrically operated timing device TM-4 which 
is arranged to periodically open and close a 
switch TM-41. When the switch TM-4 is 
open, solenoid WS - is energized and shifts the 
plunger of the valve W- to the right end of 
the valve casing, as shown in Fig. 5, thereby 
causing the motor 6 to rotate the tools in one 
direction. Upon closure of the switch TM-4, 
a relay R-9 is energized and the relay inter 
rupts the energizing circuit of the solenoid WS 
by opening its switch R-9. At the same time, 
the relay closes switch R-92, thereby energiz 
ing the solenoid WS-A which operates the valve 
V-1 to its alternate position and reverses the 
direction of rotation of the motor 6. 
The timer TM-4 may be rendered inactive 

and the relay R-9 placed under manual control 
by shifting the switch S-12 to its lower position. 
Under these conditions, closure of a normally 
open switch S-3 energizes the relay R-9 with 
the results above described. The relay when en 
ergized locks by way of its switch R-93 and a 
normally closed switch S-4. Opening of the 
switch S-4 deenergizes the relay and reverses 
the direction of rotation of the spindle driving 
motor as above described. . 

It will be apparent from the foregoing that 
the invention provides an improved method of 
rough and finish honing cylindrical work pieces. 
In carrying out the improved method, the rough 
and finish hones are rotated at the same speed 
and reciprocated through the same number of 
strokes while the pressure exerted by the tools 
on the work is varied in accordance with their 
respective abrasive capacities so that a propor 
tionate share of the work to be done is properly 
allocated to each of the tools. The invention 
also provides a honing machine of novel and 
improved construction particularly adapted for 
carrying out the improved method. The ma 
chine is arranged to perform two separate hCn 
ing operations such as roughing and finishing 
operations in successive steps without intermed 
ate manual handling of the work pieces. It em 
bodies novel controls for the tool actuating 
means whereby pressure exerted by the several 
tools on the respective work1pieces may be ad 
justed independently to allocate the proper share 
of work to each tool and to insure each tool fin 
ishes its operation at the same time. Moreover, 
the honing operation is terminated automatical 
ly by the collapse of the tools after a predeter 
mined operating time and the tools are with 
drawn from the work. Such withdrawal of the 
tools is delayed, however, until the tools are col 
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lapsed so as to effectually avoid injury to the 
tools or Workpieces. 
The improved machine also embodies novel 

work supporting and clamping means which ma 
terially facilitates presentation of the work to the 
tools and which reduces the handling of the work 
to a minimum, thereby making the machine par 
ticularly suitable for mass production methods. 
The supporting means includes a movable work 
table and an improved hydraulic mechanism for 
indexing the same to carry the work pieces into 
operative relation with the tools Successively. 
Clamping means of novel and improved con 
struction cooperating With the indexing mecha 
nism operates to hold the work securely during 
the honing Operation. Without placing excessive 
strains on the supporting mechanism. Auto 
matic controls are provided for the above mech 
anism and these controls are interlocked in a 
novel manner with the controls of other ele 
ments of the machine to insure operation of all 
of the machine elements in proper timed rela 
tion. w 

I claim as my invention: 
i. In a machine for rough honing and finish 

honing cylindrical Work pieces in successive 
steps, in combination, a reciprocatory head, two 
tool supporting spindles journaled on said head, 
means for rotating the Spindles, an expansible , 
honing tool supported. On each spindle and ro 
tatable thereWith, One of said tools being adapted 
for the removal of a substantial amount of metal 
from a work piece and the other tool being 
adapted for the removal of a smaller amount of 
metal but capable of producing a smooth finish 
on the work piece, hydraulically actuated means 
asSociated with each tool for expanding the tool 
into operative engagement with a work piece, a 
support for Work pieces to be operated on by said 
tools, a hydraulic circuit for supplying pressure 
fluid to the tool expanding means to expand the 
tools into operative engagement with the work 
pieces, and control means in said circuit indi 
vidual to each tool for independently varying the 
pressure exerted by the tool on the work piece. 

2. In a machine for rough honing and finish 
honing cylindrical Work pieces in successive 
steps, in combination, a reciprocatory head, a 
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means operative to confine the reciprocatory 
movements of the tool to a normal range of 
travel for a predetermined time wherein the 
tool is traversed over the work, a control device 
effective after said predetermined time for ini 
tiating the operation of said tool actuating 
means to collapse the tool, and a second control 
device initiated in operation by said first device 
operative after a predetermined interval to mod 
ify the action of said control means whereby 
to effect movement of the tool beyond said 
normal range of travel and out of engagement 
with the work. 

4. In a honing machine, in combination, an 
expansible honing tool, means for supporting 
Work to be operated on by said tool, power actu 
ated means for expanding and collapsing the 
tool, a motor for rotating the tool, hydraulically 
actuated means for reciprocating the tool, con 
trol means for said hydraulically actuated means 
operative to confine the reciprocatory movements 
of the tool to a normal range of travel wherein 
the tool is traversed over the work on said Sup 
port, a timing device operative to control said 
tool actuating means and effect the collapse of 
the tool after a predetermined period of recipro 
cation within said normal range of travel, and 
a second timing device operative to modify the 
action of said control means and effect move 
ment of the tool beyond said normal range of 
travel a predetermined time after the collapse 
of the tool whereby the tool is Withdrawn from 
the work in a collapsed condition. 

5. In a honing machine, in combination, a 
work support, a tool support, a honing tool car 
ried by the tool support, actuating means for 
expanding and collapsing said tool thereby ren 
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dering it effective or ineffective to operate upon 
work carried on the work support, means for 
effecting relative rotation of the tool and work, 
power actuated means for effecting relative re 
ciprocation of said supports, control means for 
said power actuated means operative to confine 
the relative movements of the supports to a 
normal range of travel for a predetermined 
time wherein the tool is traversed over the work 

pair of tool supporting spindles journaled on 
said head, means for rotating the spindles, an 
expansible honing tool supported on each spin 
dle and rotatable therewith, one of said tools be 
ing adapted for the removal of a substantial 
amount of metal from a workpiece and the other 
tool being adapted for the removal of a smaller 
amount of metal but capable of producing a 
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smooth finish on the work piece, a support for 
work pieces to be operated on by said tools, hy 
draulically actuated means for. expanding the 
tools into engagement with the work pieces in 
cluding a cylinder and piston individual to each 
tool, a hydraulic circuit having a branch extend 
ing to each cylinder for supplying pressure fluid 
to the cylinder for expanding the associated 
tool, and a pressure control valve in each 
branch for independently regulating the pres 
sure with which the associated tool is expanded 
against the work piece. 

3. In a honing machine, in combination, an 
..expansible honing tool, means for supporting 
work to be operated on by said tool, power ac 
tuated means for expanding and collapsing the 
tool, a motor for rotating the tool, hydraulical 
ly actuated means for reciprocating the tool, 

and to thereafter effect movement of the same 
beyond said normal range to dissociate the tool 
from the work, and means operative to delay the 
dissociation of the tool from the work until the 
tool is collapsed and thereby prevent injury to 
the tool or work incident to such dissociation. 

6. In a honing machine, in combination, a 
horizontally disposed work support, a tool head 
mounted above said work support for movement 
toward and from the same, a honing tool car 
ried by the head, work clamping means cont 
prising a stationary member disposed between 
said head and said support, hydraulic cylinder 
and piston means disposed below the work Sup 
port, said piston having a rod adapted to engage 
a work piece on said support and clamp the 
same against said stationary member, and means 
carried by said stationary member for guiding the 
tool into the work piece. 

7. In a honing machine, in combination, a 
horizontally disposed work support, a tool head 
mounted above said work support for movement 
toward and from the same, a honing tool car 
ried by the head, work clamping means com 
prising a stationary member disposed between 
said head and said support, power actuated 
means disposed below said work support includ 
ing a member adapted to engage a Work piece 

control means for said hydraulically actuated on said support and clamp the same against Said 
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stationary member, and means carried by said 
stationary member for guiding the tool into the 
work piece. 

8. In a honing machine, in combination, a 
honing tool, power actuated means for rotating 
and reciprocating said tool, a movable work Sup 
port, means for moving said work support step 
by step to carry work pieces into position to be 
operated on by said tool, means for holding the 
work piece independently of said support while 
the tool is operating thereon, said holding means 
comprising a stationary member extending over 
the work support, a clamping member disposed 
below the work support substantially in alline 
ment with the tool and workpiece to be operated 
on, and power actuated means for operating said 
clamping member to clamp the work piece 
against said stationary member. 

9. In a honing machine, in combination, a 
honing tool, power actuated means for rotating 
and reciprocating said tool, a movable work Sup 
port, means for moving said work support step 
by step to carry work pieces into position to be 
operated on by said tool, means for holding a 
work piece while the tool is operating thereon 
comprising a stationary member extending over 
the work support, a clamping member disposed 
below the work support substantially in aline 
ment with the tool and workpiece to be Oper 
ated on, and hydraulically actuated means for 
operating said clamping member to clamp the 
work piece against said stationary member inde 
pendently of said work support. 

10. In a honing machine, in combination, a . 
honing tool, power actuated means for rotating 
and reciprocating said tool, a movable work Sup 
porting table, means for moving said work table 
step by step to carry work pieces into position 
to be operated on by said tool, work clamping 
means including members positioned above and 
below said table for holding the work independ 
ently of the table while the tool is operating 
thereon, and means supporting said members 
for adjustment relative to the table to accommo 
date work pieces of different sizes. 

11. In a honing machine, in combination, a 
honing tool, power actuated means for rotating 
and reciprocating said tool, a movable work sup 
porting table, means for moving said table step 
by step to carry work pieces into position to be 
operated on by said tool, power actuated clamp 
ing means including members disposed on Oppo 
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rotating and reciprocating the tool, a movable 
work support, power actuated indexing means 
for moving said support intermittently to carry 
a work piece into position to be operated on by 
the tool, power actuated work clamping means 
including a rigid member located above the work 
support and a cooperating member located be 
low the Work support for holding the work in 
dependently of the support while the tool is oper 
ating thereon, and a combined electrical and hy 
draulic control system for controlling the cyclic 
operation of the machine, said control system 
being operative to initiate operation of the power 
actuated indexing and clamping means in prede 
termined timed relation to the operation of the 
tool rotating and reciprocating means, and a 
manually operable electrical switch in the con 
trol system operative when actuated to start the 
operating cycle. 
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site sides of the table operative to hold a work 
piece independently of the table while the tool 
is operating thereon, and control means for init 
iating the successive operation of the table mov 
ing means, the Work clamping means and the 
tool rotating and reciprocating means. 

12. In a honing machine, in combination, a 
honing tool, power actuated means for rotating 
and reciprocating said tool, a movable work sup 

; : port, means for moving said work support step 
by step to carry work pieces into position to be 
operated on by said tool, power actuated clamp 
ing means including a stationary member mount 
ed above the work support and movable members 
located below the work support for holding the 
work independently of the work support while 
the tool is operating thereon, and a control 
system for initiating the operation of the differ 
ent elements of the machine in proper timed 
relation in each machine cycle and for stopping 
the machine upon completion of the cycle. 

13. In a honirag machine, in combination, a 
honing tool, separate power actuated means for 

14. In a honing machine, in combination, a 
tool support, an expansible honing tool carried 
by said support, means for supporting work to be 
operated on by said tool, means for actuating 
said tool support to move the tool into opera 
tive relation to the Work, a motor for rotating 
the tool, hydraulically actuated means for ex 
panding the tool into engagement with the work, 
valve means for said hydraulically actuated 
means operative to vary the pressure exerted by 
the tool on the work, a timing device for said 
valve means, and control means actuated by 
said tool support incident to the movement of 
the tool into operative engagement with the work 
for initiating the operation of said tool rotating 
motor, said hydraulic means and said timing 
device. 

15. The method of rough and finish honing 
cylindrical surfaces which comprises arranging 
two pieces of work respectively intended for 
rough and finish honing on a work support in 
spaced relation according to the spacing of two 
honing tools on a tool support having honing 
stones of different abrasive capacities respec 
tively, producing a predetermined number of rel 
ative reciprocations between the two supports, 
effecting relative rotation between the tools and 
the work uniformly during such relative recip 
rocations, and pressing the honing stones of the 
respective tools against their work pieces variably 
according to the abrasive capacities of the tools. 

16. The method of rough and finish honing 
cylindrical surfaces which comprises arranging 
two pieces of work respectively intended for 
rough and finish honing On a Work support in 

55 spaced relation according to the spacing of two 
honing tools on a tool support having honing . 
stones of different abrasive capacities respective 
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ly, producing. a predetermined number of rela 
tive reciprocations between the two supports, ef 
fecting relative rotation between the tools and 
the work in Synchronism with such relative re 
ciprocations, and pressing the honing stones of 
each tool against its work piece with uniform 
pressure throughout the honing operation, and 
varying the pressure exerted by the honing stones 
of the respective tools according to the abrasive 
capacities of the tools. 

17. The method of rough and finish honing 
cylindrical work pieces which comprises the steps 
of supporting a pair of work pieces in position 
to be operated on simultaneously by a pair of 
expansible honing tools, one adapted for the re 
moval of a substantial amount of metal from 
the work piece and the other adapted for the 
removal of a smaller amount of metal but capable 
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of producing a smooth finish on the work piece, 
relatively rotating and simultaneously relatively 
reciprocating the tools and their respective work 
pieces in Operative association, and independent 
ly varying the pressure exerted by the respective 5 
tools upon their associated work pieces to enable 
the tools to complete their operations simula 
taneously. 

18. In a machine for rough and finish honing 
work pieces in successive steps, the combination 10 
of a work Support, a tool Support, a pair of tool 
driving Spindles journaled on the tool Support, 
means for rotating the spindles, an expansible 
honing tool carried by each spindle and rotat 
able therewith, one of said tools being adapted 
for the removal of a substantial amount of metal 
from a work piece and the other tool being 
adapted for the removal of a smaller annount of 
metal but capable of producing a smooth finish 

for presenting work pieces to both tools simul 
taneously, means for reciprocating one of the 
supports to effect relative traverse of the tools 
and work pieces, power actuated means for ex 
panding the tools into operative engagement with 25 
their associated work pieces, and control means 
for said power actuated means operable to in 
dependently vary the pressure exerted by the 
respective tools on their associated workpieces. 

19. In a honing machine, in combination, a 30 
work support, a tool Support, a honing tool car 
ried by the tool support, actuating means for 
expanding the tool when operatively associated 
with the work and for collapsing it when disasso 
ciated from the work, means for effecting relative 35 
rotation of the tool and work, power actuated 
means for reciprocating one of said supports, . 
control mechanism for said power actuated means 
normally operative to confine the movements of 
the reciprocating support to a normal range of 40 
travel for effecting relative traverse of the tool member to clamp the work piece against said 
and work through a series of working strokes, 
means for conditioning said control mechanisinto 
initiate movement of the reciprocating support 
beyond said normal range of travel to disasson 45 
ciate the tool from the work, and auxiliary con 
trol means operative to initiate the collapse of 
the tool while the reciprocating support is with 
in its normal travel range. 

20. In a honing machine, in combination, a 50 
work support, a support for a honing tool, power 
actuated means for expanding and collapsing the 
tool, means for effecting relative rotation of the 
tool and work, drive means for reciprocating one 
of said supports, control mechanism for said drive 65 
means operative to confine the movements of the 
reciprocating support to a normal range of travel 
wherein the tool and Work are relatively traversed - 
through a series of working strokes, control 
means for said power actuated means operative 0 
while the reciprocating support is within its nor 
mal travel range to initiate the collapse of the tool 

at the end of the series of working strokes, and 
other control means operative to modify the ac 
tion of said mechanism and initiate movement 
of the reciprocating support beyond the normal 
range of travel to disassociate the tool from the 
work, said other control means acting a prede 
termined time after the operation of said first 
control means to insure collapse of the toof be 
fore its disassociation from the work. 

21. A machine tool having, in combination, a 
movable work support, a tool support mounted 
for reciprocation toward and from the work sup 
port, means for periodically indexing said Work 
support to present successive work pieces in 
operative relation to the tool carried by the tool 
support, means for holding the work independ 
ently of the work support while the tool is oper 
atting thereon, said holding means comprising, a 
stationary member disposed between the work 

on the work piece, means on the Work Support 20 support and the tool support, a clamping mem 
ber located on the opposite side of the Work Sup 
port from said stationary member and movable 
toward the same to engage a work piece and 
clamp it against the stationary member, and 
power actuated means for moving said clamping 
member. 

22. A machine tool having, in combination, a 
support for a tool, power actuated means for ro 
tating the tool and reciprocating the Support, a 
work support, means for indexing the Work Sup 
port to carry a succession of work pieces into 
position to be operated upon by the tool, means 
for holding the work piece independently of 
the work support while the tool is operating 
thereon comprising, a stationary member dis 
posed at one side of the work support, a clamping 
member disposed on the opposite side of the work 
support substantially in alinement with the tool 
and the workpiece to be operated upon, and pow 
er actuated means for operating said clamping 

stationary member. 
23. A machine tool having, in combination, a 

support for a tool, power actuated mearis for ro 
tating the tool and reciprocating the support, a 
work support, means for indexing the work Sup 
port to carry a succession of work pieces into 
position to be operated upon by the tool, means 
for holding the Work piece independently of the 
Work support while the tool is operating thereon, 
said holding means comprising, a stationary 
member disposed at One side of the Work supe 
port, hydraulic cylinder and piston means dis 
posed on the opposite side of the work support, 
said piston having a rod arranged substantially 
in alinement with the tool and work piece to . 
be operated upon and operative in the movement 
of the piston to engage the work piece and 
clamp the same against said stationary member, 
and means for supplying pressure fluid to said 
cylinder to actuate the piston. 
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