- Aug. 1, 1939. A. M. JOHNSON ET AL 2,167,758
METHOD AND MACHINE FOR HONING CYLINDRICAL SURFACES
' Filed March 18, 1938 2 Sheets-Sheet 1

= PN

AR 56
R & T 55
67
8
Al
=1

1 L

T TwEnroms
\CAlber! Q71 Tolesor
"”/m’fey W Farrbar
AN O,
_ o CArrorNEyS .




‘Aug. 1, 1939. | A M. JOHNSON ET AL 2,167,758

METHOD AND MACHINE FOR HONING CYLINDRICAL SURFAGES

Filed March 18, 1938 2 Sheets-Sheet 2
T '
DECREASE
RA . s
L &5 — b
Lz, ‘ ! 7
. ﬁl‘v‘v‘v‘v - ™2 1
TM24/
‘L3 % Q__ T \‘/ INCREASE
| o il
=41 '
ng ’_al‘,FellZ ' : . ‘/?
' “WWW ) csd
vv‘vAvAvv >
TMILT, o &
__Q;J . ‘ W TMIZ
Vs6 i
vA :l:
*-R31
544
'———WI‘V - b)‘
Tmaz’s N ﬂ?& .
] o '
_ol sd ~510
VSAA ":?‘RESQ
EV; ~pR53 START sTOP
—‘M_\M%F*—— 4
‘ _l:E’H LS @ 506 ~~s3
vS? ; 2
_l—RIZ2
"l_ ) START
- e 2
s B
WM s
v sTART L[ sTOoP #5113
} - , A ]
W ’7.311.2 S12 FvENTORS
R /+ H CAlbert O C/O/ynson

TTOILE)’S




o

10

15

20

25

30

35

Patented Aug. 1, 1939

UNITED STATES

2,167,758

PATENT OFFICE

2,167,758

METHOD AND MACHINE FOR HONING CY-
LINDRICAL SURFACES

Albert M. Johnson and Walter M. Fairbairh,
Rockford, Ill., assignors to Barnes Drill Co.,
Rockford, Ill., a corporation of Illinois. :

Application March 18, 1938, Serial No. ’196,6’36

18 Claims.

The invention relates to the art of dressing
¢ylindrical surfaces and more particularly to an
improved -machine for and method of dressing
such surfaces by a honing or lapping operation.

The priinary object of the invention is to im-

prove the efficiency of the honing operation, to
reduce the amount of power required in the ini-
tial stage of the operation, and to increase the
useful life of the tools employed in carrying out
the operation. L .

Another object of the invention is to provide a
nhew and improved method of honing cylindrical
surfaces in which the removal of irregularities
left on. the surface by a preliminary boring or
grinding operation and the dressing of the surface
to a true contour and smooth finish are carried
cut in separate steps. .

Another object is to provide an improved meth-
od of honing cylindrical surfaces in which tool
bressure on the surface being dressed is varied in
different stages of the honing operation. ’

Another object is to provide an improved hon-
ing machine embodying novel tool-actuating
means and controls therefor whereby the honing

tool ' may be actuated in a series of steps in each -

of which a different degree of pressure is ap-
plied to the surface of the work piece by the
tool. '

Another object is to provide an improved ma-
chine adapted for rough and finish honing in
which the duration of the different. operations is

controlled by timing means.

Another object is to provide in a machine of
the above genera] character a novel and effi-
cient arrangement of electrical and hydraulic cir-

. cuits’ and controls therefor by which the opera-
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tion of the machine may be conveniently con-
trolled from a single central station. = °

Still another object is to provide an improved

electrical control system for controlling the oper-
ation of a honing machine. . o
A further object is to provide novel means for
reversing the rotation of the honing tool during
the honing operation. i
Other objects and advantages of the invention
will become apparent from the following detailed
description of the preferred embodiment illus-
trafed in the accompanying drawings, in which:
Figure 1 is g diagrammatic view showing the
relationsh'p of the various machine elemerits and
the associated hydraulic-actuating and control
means. ’ - '
Pig. 2 is a schematic diagram showing the elec-
trical circuits and apparatus comprising the im-
proved electrical control system:

.

(CL. 51—34)

The features of the invention may be em-
bodied in various types of machine tools and
are particularly suitable Tor use in machines for
dressing cylindrical surfaces by a honing or lap-
ping process in which a cylindrical abrasive tool
or hone is rubbed over the surface of the work
piece by a combination of movements including
relative rotation of the tool and work and rela-
tive axial reciprocation of the tool and -work.
Por purposes of illustration, the invention is
herein:disclosed embodied in a honing machine in
which the tool is rotated and reciprocated rela-
tive to a stationary work piece. It is to be under-
stood, however, that the invention may be ap-
plied to other types of honing and lapping ma-
chines and is in nowise limited to the specific form
or environment disclosed but embraces all modi-

fications, adaptations and alternative construc-.

tions coming within the spirit and scope of the
appended claims. - ; '

Honing machines have recently become avail-
.able in which the expansion of the tool is effected
hydraulically. For many purposes, these ma-
chines represent a distinct improvement over prior
machines employing spring-expanded tools since
they provide a uniform tool pressure through-
out the honing operation, whereas with a spring-
expanded tool, the tool pressure is at its maximum
at the beginning of the operation and gradually
decreases as the diameter of the work increases.
In either case, the amount of pressure that can
be applied with safety is determined by the abil-
ity of the tool to withstand the strain imposed

. by its initial engagement with the rough surface
. of the work piece. Accordingly, when the tool is

expanded within safe limits of pressure at the
beginning of the operation, it necessarily operates
‘below its maximum efficiency after the major
irregularities have been removed from the sur-
face with attendant decrease in the resistance
offered to the rotation of the tool. ’ -
The present invention aims to overcome the
foregoing difficulties by providing means of a
novel and advantageous character whereby the
pressure with which the tool is applied to the sur-
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face of the work may be varied as required. -

Thus, in honing. work where the surface is in a
very rough condition, the tool may be applied to
the-surface-with a relatively light pressure for an
interval sufficient to remove the major irregular-
ities. In this roughing operation, the surface is
smoothed off somewhat so that resistance to the
tool is decreased substantially. Accordingly, the
next step or finishing operation may then be
carried out with increased tool pressure to en-
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able the tool to continue to operate at maximum -

efficiency. In this way, high efficiency is ob-
tained without subjecting the tool to undue
strains and the useful life of the tool is corre-
spondingly increased.

Tt may also be desirable at times to reverse the
order in which the changes in tool pressure are
effected as, for instance, when it is necessary to
limit the amount of metal removed in the finish-
ing operation. This can be accomplished readily
without change in the machine structure ‘b&
simple modification of the controls.

The invention also provides novel means for

. controlling the duration of the different operat-
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ing stages automatically. This means comprises
suitable timing devices, preferably electrically.
operated, with appropriate control apparatus
whereby each stage is terminated after a prede-

termined time. The timing devices, of course,

are adjustable so that the length of each oper-
ating stage may be varied as required for dif-
ferent classes of work.

- The operating efficiency of the tool is turther
increased by the provision of automatic means

" for periodically reversing the direction of rotation
In the present instance, this is ac--

of the tool.
complished by a reversal of the ,motor which
drives the tool. Reversal of the tool tends to pre-
vent “loading” of the abrasive stones and equal-
izes wear over the entire surface thereof. . More-
over, when tool rotation is reversed, a different
area of the abrasive stone is presented to the
work, thus further increasing the cuttlng effi-
ciency of the tool.

‘Control of the machine is effected through the
medium of push button switches which may be

grouped at a conveniently located central control

station. The work of the attendant running the

machine is thus materially simplified which fa-

cilitates efficient operation.
General machine structure

The machine illustrated in Fig. 1 of the draw-
ings comprises generally a carriage or head 3
mounted on a suitable frame (not shown) for
reciprocation toward and from a stationary work
supporting fixture 4 which holds the work piece
5 to be operated on. Reciprocation of the head
is effected by means of a piston 6 operatively
connected with the head by a piston rod 1. The
piston is operable in a cylinder 8 mounted on the
frame of the machine with its axis substantially
parallel to the reciprocatory path of the head.

* A high pressure pump 9 driven by an electric mo-

tor (0 supplies pressure fluid to the cylinder .8
through a hydraulic circuit to be described in de-
tail hereinafter. )

Journaled in the head 3 and reciprocable there-
with is a hollow spindle (I which carries on its
projecting end a cylindrical honing tool 12 of
well known construction. The spindle {1 is ar-
ranged to be driven by a reversible motor 13
mounted on the frame of the machine. In the
machine illustrated, a rotary hydraulic motor is

» employed, although it will be understood that an

electric motor may be used. if desired. .-

The driving connection between the motor 13
and the spindle 11 includes a gear 14 rigid with
the spindle which meshes with a pinion 15 fast
on a drive shaft 16 adapted to reciprocate with
the head. The shaft 16 has a splined driving
connection with a beveled gear {71 journaled on
the frame of the machine, which gear meshes
with a beveled gear I8 on the shaft of the motor

13. Pressure fluid for operating the motor {3 18

- organizations.
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supplied by a low pressure pump l9 driven by the
electric motor 0.

The honing tool 12 is preferably of the general
type disclosed in the copending application of
A. M. Johnson, Serial No. 174,955. It comprises g
generally .a plurality of abrasive elements ar- -
ranged in a circular series in a cylindrical frame
for radial movement into and out of engagement
with the surface of the work. For dressing in-
ternal cylindrical surfaces, the abrasive elements 1o
are arranged to face outwardly, their positions

- being reversed for honing external cylindrical.

surfaces. With either type of tool, movement of
the abrasive elements into engagement with the -
work is commonly referred to as “expanding” the 15
tool while retraction of the elements is referred
to as-‘contracting” the tool. The terms are used
with the above significance in the present speci-
fication and claims. ‘
Expansion and contraction of the tool is ef- gq
fected by suitable tool-actuating means prefer-
ably adapted to be operated hydraulically. The
actuating means as herein shown includes an
endwise shiftable rod 20 extending axially of the
tool. When the tool is secured, to.the hollow gg

.spindle {1, the rod 20 projects into the axial bore

of the: spindle for engagement by a push rod 21
operatively connected with a piston 22 working
in a°'cylinder 23 in the head 3. Movement of the.
piston 22 toward the lower end of the cylinder is 3o
effective to shift the rod 20 axially of the tool,
the rod operating through the medium of suitable
cams to positively expand the tool. Movement
of the piston 22 in the opposit: direction with-

“draws the push rod from engagement with the g5

rod 20 and permits contraction of the tool by the
usual spring-contracting mechanism,

Hydraulic czrcuzts and apparatus

The hydraulic system of the machine illus- @
trated may be considered as comprising three
separate but intimately related hydraulic circuit
One circuit is concerned with the
reciprocaticn of the tool, the second with the
rotation of the tool and the third with the ac- ¢g
tuation, that is; the expansion and contraction
of the tool. Pressure fluid is supplied to the cir-

" cuits by the high pressure pump 9 and the low

pressure pump 19, both pumps drawing fluid
from a common reservoir or sump 26 to which

it is returned after use. Each circuit includes
suitable valves which may be of the usual and,
well known construction for controlling the sup-
ply of pressure fluid to the cylinder 8, the hy-
draulic motor 13 and the cylinder 23, respec- gg
tively.

The hydraulic circuit for recmrocatmg the
tool includes a reversing valve 27 operated under
control of a pilot valve 28 to direct pressure fluid
into opposite ends-of the cylinder 8 alternately. ¢p
Pressure fluid is supplied to the reversing valve
by the pump 8 through pressure ducts 28 and 30
and an “on-and-off” valve 3{ when the latter -
valve is'in its “on” position. The valve 31 is
interposed between. the pressure ducts 29 and ¢
30 and effective in its “off” position to shut off
the latter duct. and connect the pressure duct

" 29 with a drain duct 32 which returns the pres-
_ sure fluid to the sump 26.- As herein shown, the |

valve 81 Is biased to the “off” position and a go
solenoid VS| is provided for operating it to the
“on” position.

The reversing valve 27 has a valve plunger 34.
shiftable between two positions in well known .
manner under control ot the pilot valve 28. {3
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When the valve plunger is moved to the left,
the upper end of the pressure duct 30 is closed
and presstire fluid is directed through a duct 35

to the lower end of the cylinder 8. The piston’

6 is accordingly moved toward the upper end
of the cylinder and spent pressure fluid is ex-
hausted therefromi through a duct 36, valve 21
and the drain duct 32.

When the valve plunger 34 is shifted to its
alternate position, as shown ih the drawings,
the pressure duct 30 is connected with the duct
36 leading to the upper end of the cylindép 8.
The lower end of the cylinder remains connected
o the pressure fluid source but due to the great-
er effective area presented by the upper end of
the piston 5, the force exerted on the upper end

exceeds that on the lower end and the piston

is accordingly moved downwardly. Pressure
fluid exhausted from the lower end of the eylin-
der is returned to the pressure system, thereby
reducing the volume required to be delivered by
the pump 9. A check valve 37 interposed in the
duct 35 serves to equahze the weigh't of the re-
ciprocating parts.

The pilot valve 28 is actuated at each end of

‘the tool stroke by suitable mechanical control

means te be described hereinafter. The ar-
rangement. is such that once the machine is
started reciprocation of the tool proceeds as long
as the valve 3{.is held in “on” position by its
operating solenoid VSi.

It has been found that a periodic reversal of

- the direction of rotation of the tocl tends to pre-

.creases - their useful life.

vent the abrasive elements from “loading” and
equalizes wear on the active surface of the ele-
ments. This materially improves the cutting ef-
ficiency of the abrasive. elements and also in-
Accordingly, the hy-
draulic circuit for the spindle driving motor (3
includes a reversihg valve 38 for controlling the

direction of rotation of the motor drive shaft -

in addition to an “on-and-off” valve 39 for start-
ing and stopping the motor. Pressure is supplied
to this circuit by the low pressure pump (9

through a pressure duct 40. The valve 3§ which

is connected in this duct between the pump and
the reversing valve is biased to the “off” posi-

. tion in which it shuts off the supply of pressure

fluid from the motor 13 and returns the fluid to
the sump by way of the drain duct 32. A sole-

-noid V82 operatively associated with the valve

89 is effective when energized to operate the
valve to the “on” positlon and thus initiate op-
eration .of the motor 13

.‘The djrection in which the motor 13 turns and
consequently the direction of rotation of - the
tool 12, is dependent upon the position of the
reversing valve 38. The valve has a plunger 42
actuated by solenoids VS3 and VS#4.: Solenoid
VS3 when energized shifts the valve plunger to
one-end of the valve casing, thereby connecting
the pressure duct 40 with a>duct 45 which de-
livers the fluid to the motor in a manner such

- that the tool 12 is rotated in a clockwise direc-

70
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tion.  Spent pressure fluid from the motor is

returned to the sump through a duct. 46, valve.

38 and the drain duct 32.
-Solenoid VS4 when energized shifts the valve

‘plunger 42 to the opposite end of the valve cas-

ing, thereby connecting the pressure duct 40
with duct 46 to reverse the flow of pressure fluid
through the motor 3. The direction of rota-
tion of the motor is accordingly reversed and
the ool 12 is rotated in a counterclockwise di-

rection. . Spent fluid pressure from the motor is.

tool.

3

returned to the sump by way of the duct 45,
valve 38 and the drain duct 32.

For the reasons pointed out above, it is desir-
able to carry out the honing operation in dif-
ferent steps or stages such as rough honing and
finish honing, in which tool pressure is adjusted

" to provide maximum cutting action without dan-
- ger of injury to the ool or work. The hydraulic

circuit for expanding and coniracting the tool 12
is therefore arranged with a particular view of
providing an effective control of the pressure
exerted by the tool on the work piece in the dif-
ferent stages of the operation. In the particular
embodiment of the invention herein disclosed, a
relatively light tool pressure is applied at the be-
ginning of the honing. operaiion and continued
until the major irregularities of the surface have
been -removed. The iool pressure is then in-
creased subsianiially to enable thé tool 0 oper-

" ate with maximum. efficiency.

The improved method increases the operating
efficiency of the machine since it permits the
rough work to be honed in a single operation. T&
is also advantageous in that it reduces to 2 mini-
murn the strains imposed on the tool and work
and materially mcreases the useful hfe of the
tool.

In the illustrative embodiment of the machine,
the means for conirolling the pressure exerted
by the ool on the work is in the form of a valve
47 which, as herein shown, is arranged for oper-
ation by a solencid VS5. When separate sources
of pressure fluid are available, the valve 47 may
be utilized to connect either source to the hy-
draulic circuit of the tool-actuating means se-
lectively. In case only one source of pressure
fluid is available, the valve 47 may iake the form
of a pressure reducing or by-pass valve of any
suitable construction. Moreover, the valve 47
may be constructed for operation with more than
two sources of pressure fluid or a plurality of
such valves may be used to provide for actuat-

ing the tool in & greater number. of steps if de—,

sired.
Referring to the drawings the valve 47 as here-
in shown is a two-position valve spring biased to

‘a position effective to connect a duct 59 leading

from the low pressure pump 19 with a duct 5i

extending to a reversing valve 52. The valve 37

when operated to its alternate position by the
energization of the solenoid VS5 connects the

1o
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duct 5 with a duct 53 leading from the high

pressure pump 9,

The reversing valve 52, which may be a four-
way valve of any suitable and well known con-
struction, is arranged for operation by a sole-

‘noid VS8 and is adapted to control the supply

of pressure fluid to the cylinder 23:for expanding
and contracting the honing tool 12. The valve

-is spring biased to & position in which it is effec-

tive to direct the pressure fluid received- via the

duct 51 through a duct 54 -and a telescoping ex-
tensible connection 56 to the lower end of the cyi-

‘inder 23, thus moving the piston 22 toward the

upper end of the cylinder to contract the honing
Spent pressure fluid is exhausted from the
upper end-of the cylinder through a telescopmg
extensible connection ¥6, a duct 57, valve 52 and
a branch 58 of the drain duct 32,

hydraulic circuit connections to the cylinder 23
thereby introducing pressure fluid into the upper

65

co ‘70 -
Energization of the solenold VS$ reverses the

end of the cylinder and exhausting the pressure -

fluid from the- lower end of the cylinder. The

..
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"piston 22 is thereby moved toward the lower end
-of the cylinder to expand the honing tool 2.

It will be apparent from the foregoing that by
appropriate manipulation of the valves 47 and 52
the tool 12 may be expanded in steps in each of
which a different degree of pressure is exerted on
the work piece. Likewise, the tool may be con-
tracted when required. Thus, when the valve 47

in its normal unoperated position and solenoid’
VS6 is energized, pressure fluid from the low-

pressure pump 9 will be supplied to the cylinder
23 to expand the tool with relatively light pres-
sure. When the valve 47 is operated by the ener-
gization of the solenoid VSS, pressure fluld from
ths High pressure pump 9 is supplied to the cyl-
inder 23 and the pressure exerted on the work
piece by the tool is correspondingly increased.
Upon deenergization of the solenoid VS6, pres-
sure fluid is introduced into the lower end of the
cylinder 23 thereby contracting the tool, the speed
of operation depending upon the position of the
valve 41..
Mechanical controls

The mechanical controls for governing the op-.
erating cycle of the machine may be generally
similar to those disclosed in the application of
A. M. Johnson above referred to. They include
generally a control rod 61 supported on the frame
of the machine for limited rotational and end-
wise movements. The latter movements of the
control rod are utilized to operate the pilot valve
28 through the medium of an arm 62 fast on the
rod which cooperates with an operating member
63 forming a part of the valve. These endwise
movements are imparted to the control rod by
a stop-engaging arm 64 carried on and recip-
rocable with the head 3. The arm 64 is posi-
tioned to engage adjustable stops carried by the
control rod incident to the reciprocation of the
head. Ordinarily, three stops are provided,

namely, an upper limit. stop 65, a lower limit .

stop 66 and an intermediate stop 67. Stops 66
and 671 define the limits of the working stroke

of the tool and are accordingly set for engage-~:

ment by the arm 64 as the tool approaches the
ends of the work piece. Stop 65 defines the ex-
treme limit or end of the pull-out stroke in which
the tool is withdrawn from the work.

~ The intermediate stop 67 is so constructed that
the arm 64 passes by without shifting the con-
trol rod when the head is initially advanced from
the withdrawn position to insert the tool into the

work. The advance of the head thus continues .

until the arm 64 engages the stop 66 thereby
shifting the control rod and reversing the direc-
tion of movement of the head. Upon the return
movement the arm 64 engages the intermediate
stop 67 and in this case is effective to shift the
control rod and again operate the pilot valve to
reverse the direction of movement of the tool.
Thus, after the tool is inserted in the work, recip-
rocation through the working stroke is controlled
automatically by the pilot valve and assoclated
control mechanism.

- To effect withdrawal of the tool from the work,
the control rod 61 is rotated sufficiently to move
the intermediate stop 61 out of the path of the
arm 64. Rotation of the rod may be effected
either manually by means of & handle 68 or auto-
matically by a pull-out solenoid PS{. The sole-
noid PSi has an armature 69 operatively con-

- nected with a lever 10 having a slidable, nonro-

.

tatable:connection with the control rod. Thus,
whien the solenoid is energized, the rod is rotated

2,167,758

sufficiently to move the intermediate stop 67 out
of the path of the arm $4. The movement of
the head therefore continues until the arm 84 en-
gages the limit stop 6§ and shifts the control rod
to operate the pilot valve 28.

Means is provided for interrupting the opera-
tion of the machine automatically as an incident
to the withdrawal of the tool from the work. As
herein shown, this means comprises a limit

switch 1L.S{ adapted to be opened by an operat-

ing member 11 carried by the head 3. The parts
are so positioned that the member engages the
switch to open the same immediately following
the operation of the pilot valve and before the
return movement of the head is started. Thus,
the pilot valve is set so that the next operating
cyc'e will begin with an advancing movement of

13-

the head. The opening of the switch LSt inter- .

rupts certain of the control circuits to be de-
scribed in more detail hereinafter.

Automatic means is also provided for initiating
operation of the tool-actuating means to:expand
and contract the tool in proper timed relation to

its insertion -in or withdrawal from the work.

This control is effected through the medium of
a control switch CSl incorporated in the electri-
cal system of the machine so as to control the

energization of the reversing valve solenoid V8§

as will be described presently. Opening and clos-
ing of the switch CSi is effected by a switch-
actuating member T2 fast on a vertical rock shaft
13 journaled on the frame of the machine. The
shaft 13 carries two oppositely facing cam mem-
bers T4 and 15 engageable by the operating mem-
ber 71 on the head. The cams are so positioned

- that when the tool has been advanced substan-

tially entirely into the work, the member 71 en-
gages cam T4 to rock the shaft in a direction
effective to close the switch CS{. With the shaf’
in this position, the cam 78 is moved into the
path of the member Ti. However, this cam is
positioned slightly above the uppermost poin’
reached by the member Tl in the working stroke
of the tool so that the cam is engaged only when
the tool is being withdrawn from the work.

Upon such engagement, switch C8{ is opened and

the tool is contracted, thus avoiding any possi-
bility of injuring the tool or work piece by at-

- tempting to withdraw the tool while in expanded

condition. .
* Electrical controls

The electrical control system comprises a series
of electrically related circuits including relays,
automatic control devices and manually operable
switches for controlling the various functions of
the. machine. The control is effected through
the medium of valve operating solenoids
VS1—VS6 and the control rod operating solenoid
PSI hereinbefore described.

Current for operating the relays and solenolds
may be supplied from any suitable source. - In
the preferred embodiment disclosed, the current
for this purpose is obtained from a three-wire
power -line comprising line conductors Li{, L2
and L3. It is preferred co operate the relays at
relative'y low voltage, and with this in view the
circuits are arranged for connecting the relays
across the line conductors Ll and L2. - Consider-
able power is required for operating the valves
and the control rod with the speed required for
proper operation of the machine. Hence the
valve operating solenoids are preferably of the
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high voltage type and the circuits are arranged 7§
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to connect them across the outside line conduc-
tors Ll and L3.

The operation of the improved control sys-
tem will be most readily understood when con-
sidered in connection with the operation of the
machine. Assuming that the machine is in its
normal idle condition, as shown in Fig. 1, and
that the pump motor {0 is running, an operating
cycle may be initiated by a ntomentry actuation
of a normally open manualiy operable “start”
switch S (Fig. 2). This switch closes a circuit
for a relay Ri. The relay upon energizing closes
switches Ril, Rl2 and R{3, the second men-
tioned switch completing a circuit for the sole-
noid VSI1 which accordingly operates the valve
3! to “on” position. Pressure fluid is thus sup-
plied to the upper end of the cylinder 8 to move
the tool toward the work. As an incident to such
movement, the limit switch LS is closed, there-
by completing a sealing circuit for the relay R
by way of the relay switch Rl i, a normally closed
“jog” switch S2 and.a normally closed ‘“stop”
switch S3. The solenoid circuit is therefore
maintained closed and valve 3{ is held in the
“on” position until the relay is deenergized by
opening the switch 83 or the limit switch LS.
Accordingly, the tool is reciprocated through the
working stroke under control of the pilot valve

-28 in the manner hereinbefore described..

When it is necessary to reciprocate the tool or

to advance it toward the work without initiating

an operating cycle as, for example, when the ma-
chine is being set to operate on a new work piece,
the “jog” switch. S2 is actuated instead of the
switch Si. The switch SZ completes an energiz-
ing circuit for the relay Rl but at the same time it
opens the sealing circuit for the relay. ' ‘Thus the
valve 31 will be operated to “on” position only as
long as the switch S2 is held closed and upon

release of the switch the valve will return to “off”

position to stop the machine,

Rotation of the tool is initiated by the momen-
tary actuation of a normally open “start” switch
S4 which completes a circuit, for a relay R2 having
normally open switches R2{ and R22. The relay

closes a sealing circuit for itself by way of the

switch R2l and a normaliy closed “stop” switch
S5. Switch R22 completes a circuit for the valve
operating solenoid VS2 which operates the valve

38 to “on” position to supply pressure fluid to the

spindle motor 13, as previously explained. It will
be observed that the initial energizing circuit as
well as the sealing circuit for the relay R2 includes
Thus the relay R2
can be energized only when the relay Rl is likewise

‘energized. In other words, rotation. of the tool

‘can be initiated only when it'is reciprocated. The
interlock thus provided between the spindle recip-
rocating mechanism and the spindie driving motor
prevents injury to the tool or work piece by acci-
dental rotation of the tool when the spindle is

-stationary.

After -initiation of an operatmg cycle in the

above manner, expansion of the tool 12 is effected"
“automafically as an incident to its being fully
- .inserted into the work. The initial expansion at -

low pressure is brought about by the closure of the
control switch CS{ which completes a circuit for a
relay R3. The relay closes its switch R31 to ener-
gize the solenoid VS6 and thereby operate the

valve 52 to direct pressure fluid into the upper end-
of the tool-expanding cylinder 23. Since valve 4T

is unoperated at this time, pressure fluid will be
supplied to the cyhnder from the low pressure
pump (9. :

‘inder.

5

Control switch CSI, in addition to closing the

. circuit for the relay 13, also completes a circuit

for initiating the ope-ation of a timing device or
timer TM!. The timer may be of any suitable
type and as herein shown comprises a suitable
motor operated by the current supplied over the
circuit closed by switch CS{. Switch-actuating
mechanism of well known construction driven by
the motor is arranged to close a normally open
switch TMI2 after the lapse of a predetermined
time interval. The timer is preferably adjustable
so that the interval required to close the switch
may be varied as required.

Closure of the switch TMI2 completes a c1rcu1t
for energizing the solenocid VS5 which operates
the valve 47 to cut off the supply of pressure fluid
from the low pressure pump {9 and to connect the
high pressure pump 9 to the tool-expanding cyl-
Thus the pressure exerted by the tool is
increased to enable the tool to operate with maxi-
mum efficiency throughout the remainder of the
opera,tmg cycle. The expansion of the tool in the
manner above described has been found to be par-
ticularly advantageous in honing work pieces hayv-
ing a relatively rough surface such as that left
after a boring operation. The length of the light
honing operation may be adjusted so that the
major surface irregularities are removed before

 high pressure is applied to the work by the tool.

Thus, the machine is enabled to carry out the
improved honing method with a minimum of
supervision or attention from the attendant.
The timer switch TMi2 may also be utilized to
initiate the operation of a control device such as
a stroke counter or timer for' terminating the
operating cycle of the machine at the proper time,
In the particular embodiment illustrated, the con-
trol device comprises a timer TM2 which may be
similar to the timer TM{ above described. The
timer has a normally open switch TM2I1 adapted
to be preset manually in well known manner, to
close a predetermined time after the timer motor
is started. Closure of the switch TM2i completes

a circuit for a relay R4 having a normally open
- switch R4l and a normally closed switch R42.
The switch R4f when closed completes a circuit

for the pull-out solenoid-PS{ which, as previously
explained, operates the contrul rod 61 to move the

intermediate stop 671 out of the path of the stop- -

engaging arm of the head. The head is accord-
ingly moved to its extreme limit position thereby
withdrawing the tool from the work and eventu-
ally stopping the machine by opemng the limit
switch LSI.

The switch R42 of the relay R4 is included in the
circuit for energizing the tool-expanding relay R3.
Accordingly, the opening of this switch is effective
to deenergize the relay R3 and thereby interrupt
the circuit of the valve solenoid VS6. The valve
solenoid immediately releases the valve 52 for
retufn to normal position whereby pressure fluid

_is directed into the lower end of the cylinder 23 to
Since release of the valve takes -

contract the tool.
place during a-working stroke of-the tool, the valve

control switch CSI will be in closed position and.

the valve solenoid VS$ will be energized so that
pressure fluid from the high pressure pump 9 will
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be supplied- to the cylinder 23. The tool will

therefore be contracted very quickly, thereby in-
suring its collapse before it is withdrawn from the
work. Thus, any possibility of injury to the tool

0

or work by attempted withdrawal while the tool

is expanded is effectually avoided.
- Upon withdrawal of the fool, the switch CSi 1s

* opened incident to the engagement of the operat-

L
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ing member 11 with the cam 15 of the switch
operating mechanism, thereby opening the circuit
of the valve solenoid VS5 to restore the valve 41 to
normal position.

Means is provided by which the working stroke

portion of the operating cycle may be increased
or decreased, as desired, independently of the
timer TM2. As herein shown, this means com-
prises an “increase” switch of the normally closed
manually operable type interposed in the circuit
of the relay R4 in series with the timer switch

‘TM21 and a normally open “decrease” switch

S17 arranged to close the circuit of the relay R4
independently of the timer switch' TM2I1. Thus,
when the switch S6 is actuated; closure of. the

timer switch is ineffective to energize the relay

R4, and accordingly reciprocation of the tool
through its working stroke continues as long as

the switch is held in open position. Upon re-’

lease of the switch, a circuit for the relay is com-
pleted through the timer switch and the opera-
tion-of the machine is interrupted in the usual
Operation of the switch ST at any
time is effective to energize the relay R4 and im-
mediately stop the machine:

A relay R5 is provided for closing the circuits
of the valve operating solenoids VS3 and VS4
selectively.” As explained hereinbefore, these

solenoids when energized operate the reversing

valve 38 to control the direction of rotation of
the honing tool {2. As herein shown, the relay

RS is provided with two normally open switches’

" R51 and R52 and a normally closed switch R53.

35

The latter switch is connected in the circuit of
the valve solenoid VS 4 so that when the relay
R6S is in its normal deenergized condition solenoid
VS4 is energized and the valve 38 is set to effect
rotation of the tool in one direction. The switch

- R%3 is connected in the circuit of the solenoid

40

45

VS4. Upon energization of the relay RS, sole-
noid VS3 is energized and solenoid VS4 is deen-
ergized, the valve 38 being operated to the reverse
position to effect rotation of the tool in the op-
posite direction.

Energization of the relay RS may be controlled
either manually or automatlcally To this end,

’ _ two separate circuits are provided for the relay.

" shown in the drawings the relay is energized upon .

55

- 60
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These circuits are arranged to be-connected up
selectively by a manually operable switeh S8.
With the switch S8 operated to the position

actuation of a normally open switch S9 and is

maintained energized over a sealing circuit in- -

cluding the relay switch R5!| and manually op-
erable normally closed “stop” switch S10. Op-
eration of the latter switch is effective to inter-
rupt the circuit of the relay and thus bring
about a reversal in the direction of rotation of
the tool.

The switch S8 when opera,ted to its alternate
position connects up the second circuit for the
relay RS which circuit is arranged to be closed
and ‘opened periodically by a motor-operated
timer TM3 through the medium of a switch
TM3I. The timer- may be of any suitable con-

-struction and as herein shown is equipped with

a suitable cam 16 which' alternately closes and
opens the switch TM31 "to energize and de-
energize the relay R5.” The switch Sil, closed
simultaneously with the operation of the switch
S8 to its alternate position, completes the oper-

ating circuit for the timer.

7

During the. honing operation, coolant is sup-
plied to the tool by a suitable pump driven by
an electric motor 11. The motor is started by

. rotation of the tool.

- TMf2.
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momentary actuation of a normally open switch

S12 which completes a circuit for a relay R6. Re-
lay R6 closes switches R6f and R82 thereby com-

‘pleting a sealing circuit for itself ‘and a circuit

for a motor switch solenoid MSI. The sealing
circuit for the relay includes a normally closed
“stop” switch S13 effective when actuated to open
the circuit of the relay and thus stop the pump
motor.
switch MSI2 to connect the motor 17 across the
power line,

Brief résumé of operation

When initially setting up the machine for op-
erating on a new work piece, the tool may be
moved into or out of the work by operation of
the “jog” switch S2. Tool movement is under
constant control of the attendant and can be
interrupted instantly by merely reversing the
switch. . This materially facilitates the setting
up process and effectually eliminates danger of
damaging the tool or work by accidental initia-
tion of a reciprocating cycle before the work is
properly positioned for operation.

After the work is set up, the timers TM! and

TM2 are adjusted or set to provide the desired’

operating intervals for low and high ‘pressure
operation. The switch S8 is also operated to
connect up either the manual or automatic con-
trol devices for controlling a direction of rota-
tion of the tool. The coolant pump motor 17 is
started by momentary closure of the “start”
switch S12,

The operating: cycle of the machine is now
initiated by momentary closure of the ‘“start”
switches S| and S4, energizing the relays Rf
and R2, respectively, to start reciprocation and
Switch St is held closed
until the tool head moves away from its limit
position sufficiently to close the limit switch LSI.
The operation of the machine is then continued
independently of the starting switch due to the
relays Rl and R2 being maintained in energized
condition over self-closed sealing circuits.

The tool is advanced into the work in a col-

lapsed condition, and when fully inserted in the

work is expanded incident to the closure of the
control switch CSI which completes a circuit
for the relay R3 and the timer TMI. Relay R3

-completes "a circuit for the valve solenoid VS6

and the solenoid operates the valve 52 to tool-
expanding position. Pressure fluid from the low

" pressure pump 19 is accordingly supplied to the

upper end of the tool-expanding cylinder 23 and

‘the tool is expanded with relatively light pres-

sure. - Reciprocation of the tool through the
working stroke contiriues with the tool thus
expanded until the timer TMI closes the switch
Closure of the latter"switch completes a
circuit for the solenoid VS5 .and a circuit for
the timer TM2. Solenoid V8§ shifts -the valve
47 to direct pressure fluid from the high pressure

_pump into the tool-expanding cylinder, thus

materially increasing the pressure exerted by the
tool on the work.
Reciprocation of the tool through the work-

.ing stroke continues until the timer TM2 closes

the switch TM2i to energize the relay R4. En-

ergazation of this relay brings about the ener-.

gization of the pull-out solenoid PS! and the
deenergization of the relay R3. Solenoid PSi

rocks the control rod 61 to move the intermedi-

ate stop 67 out of the path of ‘the arm 64 so
that in the next return stroke the tool head
will move to its extreme limit position and open

Solenoid MS{ when energized closes a

70
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the limit switch LS. Deenergization of relay R3
interrupts the circuit of the solenoid VS6 which

releases the valve §2, thereby directing the pres--

sure fAuid into the lower end of the cylinder 23
$ to contract the tool.

During the honing operation, the direction of
rofation of the tool is automatically reversed
under control of the timer TM2. 'The timer
closes and opens its switch TM3{ periodically to
energize and deenergize relay RE. Relay RS
closes circuits alternately for the valve solenoids
V83 and VS4 which accordingly operate the
valve 38 to cause the motor (3 to rotate first in
one direction and then in the opposite direc-
1 tion. This reversal may be effecved manually

T 10

instead of automatically, if desired, by operatxon ‘

of the switches S8, S8 and St0.
The movement of the head to its Iimit posi-
tion withdraws the tool from the work, operates

g6 the pilot valve to its alternate position and opens-
Opening of the limit -

the control switch CSI.
switch LS{ stops the machine by opening the cir-
cuit of the relay Ri, which relay in turn opens
the circuit of the relay R2. ‘These relays, as
85 above explained, control reciprocation and rota-

tion of the tool respectively. With the switch -

CSi open, solenoid VS5 is deenergized and valve

41 is returned to normal position. Likewise, with

the pilot valve 28 operated to its alternate posi-

&0 tion, reversing valve 2% is set to direct pressure

fluid info the upper end of the cylinder 8. Thus

the machine is conditioned for the next oper-
ating cycle. -

It will be appa.rent from the foregomg that the

$8 invention provides a new and improved method

of honing cylindrical surfaces together with a

honing machine of novel and advantageous con-

struction - particularly adapted to carry out the

improved method. The machine embodies suit-
40 able means by which the direction of rotation of
the tool may be reversed eithér manually or auto-
matically at predetermined intervals, to- enable
the tool to operate withmaximumefficiency. The
machine likewise embodies novel means by which
48 the tool may be actuated in steps to' exert dif-
ferent degrees of pressure upon the work piece

in different stages of the honing operation.
The .invention also provides a control sys-
tem of novel character which materially simpli-

so fies the work of the attendant in controlling the '

operation of the machine. The various machine

elements are ynder complete control of the oper-

ator gt all times and capable of being started and

stopped by simple actuation of push button con-

8§ trol switchies, The control system includes auto-
maetic devices by which the different stages of the
working stroke cycle may be controlled without
. the intervention of the -attendant, It likewise

includes novel means for terminating the eper--

. a0 ating cycle of the machine subject to. instant
change by the attendant whenever neéessary
We claim as our invention: =~ - -

* 1., In a machine for honing cylindrical sur--

faces, in combination, a honing tool having g plu)

' u rality of abrasive elements arranged in a circu-

lar series, tool-actuating means operative to

shift said elements radially to force the elements -

into engagement with -the surface of a cylin-
drical work piece, a support for said tool, a sup-
70 ‘port for the work piece, means for reciprocating

. one of said supports relative to the other sup- .

port to cause the tool to-operate on ‘the sur-

" face of the work piece, means for rotating one-

" of said supports’ during said reciprocation to ef-
. 76-fect relative rotation of the tool and _worlr, hy-

draulically-dperated means for eperating said -

. tool-actuating means to force the abrasive ele-.

ments of the tool against the work. piece, a first
and a second source of pressure fluid, the flaid
supplied from said second source being at a &
higher pressure than the fluid supplied from said
first source, a valve operable to connect either of
said sources to said hydraulically-operated means
selectively, and g timing device for operatmg said
valve. 10
2. In a machine for honing cylindrical sur-
faces, in combination, a honing tool having 2 plu-
rality of abrasive elements arranged in a circular
series, tool-actuating means operative to shift
said elements radially to force the eléments into 15
engagement with the surface of a cyhndncal

* work- piece, a support for said tool, a support for

the work piece, means for reciprocating one of
sald supports relative to the other support to -
cause the tool to operate on the surface of the 9
work: piece, means for rotating one of said sup-
ports during said reciprocation to effect relative
rotation of the tool and. work, hydraulicaliy-
operﬁ.ted means for operating said tool-actuating
means to force the abrasive elements of the tool a5
against the work piece,a first anda second source
of pressure fluid, the fluid sypplied from said sec-
ond source being at a higher pressure than the
fluid supplied from said first source, and means
for connecting either of said sources to said 20
hydraulically-operated means selectively.

3. In a honing machine, in combination, an

~ expansible and contractible honing tool, means

for supporting work to be operated on by the
tool, means for effecting relative rotation and
reciprocation of the tool and work, hydraulicaliy-
actuated means including a cylinder and piston
mechanism for expanding and contracting the
tool, a low pressure fluid source and a high pres-
sure fluid source, a valve normally effective to
supply. pressure fluid from said low pressure
source to said' hydraulically-actuated means,
means for operating said valve to supply pres-
sure fluid from said high pressure source to said
hydraulically-actuated means, 2 .second valve
operable to direct pressure fluid into opposite
ends of said cylinder alternately to expand and
contract the tool, and means for operating said
valves.’
4. In a "honing machine, in combinatmn. an’ 50

expansible and contractible honing tool, hydrau- :

lically-actuated means for expanding and con-

tracting the tool to éngage and disengage the-
surface.of the work being operated on, means for:
effecting relative rotation and reciprocation of 65
the tool and work, a source ‘of high pressure fluid,

a source of low pressure fluid, a valve normally
effective to connect said low pressure source to-
said hydraulically-actuated means to expand the.
tool, and means for operating sald valve to con-
nect said high pressure source to said hydrau-

- lically-actuated means whereby to’ increase the

pressure exerted by the tool on the work. :
5. In ‘a machine for dressing cylindrical sur- -

»faces by rough and finish honing ~operations,
- means for rubbing a plurality of abrasive ele-

ments over the surface with 2 combined rotary
and reciprocatory motion, means for forcing the
elements against the- surface with a different

" pressure in each of said operations, and a sepa- 70

rate ‘timing -device for terminating each opera-
tion, ° .
6. In a machine for honing cylindrical ‘sur-

‘faces, in combination, a cylindrical expansible
and contractible tool,

hydraulically-actuated - 75
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means for expanding and contracting the tool,
power-driven means for effecting relative rota-
tion and reciprocation of the tool and the sur-
face being operated on, & first timing device op-

erative  to control said hydraulically-actuated

means, and a second timing device operative ‘to
control said power-driven means.

7. In a honing machine, in combination, an
expansible and contractible honing tool, hydrau-
lically-actuated means for expanding and con-
tracting the tool to engage and disengage the

surface of the work being operated on, means’

for effecting relative rotation and reciprocation
of the tool and work, a source of high pressure
fluid, a source of low pressure fluid, and valve
means operable to.supply pressure fluid from
either source to sald hydraulically-actuated
means to control the pressure exerted by the
tool on the work.

8. In a machine for honing the internal sur-
faces of cylinders, in combination, an expansible

"and contractible honing tool, means for support-

ing a work piece to be -operated on by sald tool,
means for moving the tool into the work piece
while the tool is contracted, means for expand-
ing the tool to exert a predetermined pressure

upon the work piece, méans for rotating and re-

ciprocating the tool in the work piece to dress
the surface thereof, a.timing device initiated in
operation upon the expansion of said tool, and
means controlled by said timing device for in-
creasing the pressure exerted by the tool on the
work piece.

9. In a machine for honing cylindrical sur-
faces, in combination, an expansible and con-
tractible honing tool, means for supporting work
to be operated on by said tool, means for effect-
ing relative rotation and reciprocation of the
tcol and work, power-actuated means for ex-
panding the tool into engagement with the sur-
face of the work, means operative to increase

. the pressure exerted by the tool on the work, a
timing device for controlling the operation of

70

said pressure increasing means, a second timing
device, and means controlled by said second de-

vice for interrupting the relative rota_.tion and

reciprocation of the tool and work.
10. In a machine for honing cylindrical sur-

faces, in combination, an expansible and con--

tractible honing tool, means for supporting a

work piece to be operated on by said tool, means -

for moving the tool into operative relation to

the work piece while the tool is contracted, means’

for expanding the tool to exert a predetermined

-pressure upon the work piece, means for rotat-

ing and reciprocating the tool relative to the
work piece to dress the surface thereof, a first
timing device #nd a second timing device, means
controlled by said first timing device for increas-

ing the pressure exerted by the tool on the work .

piece, and means controiled by said second tim-
ing device for contracting the tool and for effect-
ing withdrawal of the tool from the work.

11, In 'a honing msachine, in combination, a
honing tool, a support for said tool, a support
for work to be operated on by said tool, means
for reciprocating one of said supports relative to
the other support to traverse the tool over the
surface of the work, power-actuated means for
rotating one of said supports to effect a relative
rotation of the tool and work, a timing device,

and means controlled by said device for reversing . '

- the direction of rotation of said support.

%

.12, In a -honing machine, in combination, &
support for a honing tool, a support for work
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to be operated on by said tool, power-actuated
means for reciprocating one support relative to
the other support, power-actuated means for
rotating one of said supports, power-actuated
means for expanding and contracting the tool,
electrical control means for said power-actuated
means, circuits for the electrical control means
of said first and second power-actuated means,
manually operable switches for opening and clos-
ing sald circuits to start and stop rotation and
reciprocation of sald supports, a circuit for the
control means of said third power-actuated
means, and a switch for opening and.closing said
last circuit operable by the reciprocating support.

13. In a honing machine, in combination; a
honing tool having a plurality of abrasive ele-
ments arranged in circular series, tool-actuating
mechanism operative to shift the abrasive ele-
ments radially to force them  into operative

engagement with the surface of a cylindrical .

work piece, a support for the tool, a support for
the work piece, means for reciprocating one of
said supports relative to the other support to

" traverse the tool axially of the work piece, means

for rotating one of said supports during said re-
ciprocation to effect relative rotation of the tool
and work; pressure fluid means for operating said
tool-actuating mechanism to. force the abrasive
elements of the tool against the surface of the
work piece, a valve controlling the supply of pres-
sure fluid to said pressure fluid means to vary
the pressure exerted by the abrasive elements on
the work piece, and means for operating said
valve to cause the tool to exert a relatively light
pressure in the initial stage of the honing opera-

tion and a substantially higher pressure at a suc-

ceeding stage of the honing operation.

14. In a honing machine, in combination, a
honing tool having a plurality of abrasive ele-
ments arranged in circular series, tool-actuating
mechanism operative to shift the abrasive ele-

.ments radially to force them into operative en-

gagement with the surface of a cylindrical work
plece, a support for the tool, a support for the
work piece, means for reciprocating one of said
supports relative-to the other support to traverse

25
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the tool axially of the work piece, means for -

rotating one of said supports during said recipro-
cation to effect relative rotation of the tool and
work, pressure fluld means for operating said
tool-actuating mechanism to force the abrasive
elements of the tool against the surface of the
work piece, a valve for contro]llng the pressure of
the fluid supplied to said fluid operated means
and operable to vary the pressure exerted by the
abrasive elements on the work piece, and means
for automatically operating said valve during the
honing operation,

- 15. In a honing ma.chine, in combmation an
expanslb]e abrasive tool, means for supporting
work to be operated on by said tool;, means for ef-
fecting relative rotation of the tool and work,
means for effecting relative reciprocation of -the
tool and work through a definite working cycle,

. power-actuated means for expanding the tool to

exert a predetermined pressure on the work upon

50
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initiation of said working cycle, and means oper-

able automatically a predetermined time after the
initiation of the working cycle for modifying the
action of said power-actuated means to change
the pressure exerted by the tool on the work.
16. A method of honing cylindrical work -to
exact dimensjions and. with a true contour and
smooth surface finish which comprises effect-

‘ng relative- rotation and reciprocation of an

70
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expansible abrasive tool and the work for a
. definite interval, expanding the tool against the
surface of the work with & relatively light pres-
sure during -an initial portion of said interval
sufficient to remove the major surface irregulari-
tles from the work, and substantially increasing
the pressure of the tool against the work for the
- remainder of the interval, the increased pressure
being such as to enable the tool to finish the
work to the desired dimension. -
17. In a honing machine, in combination, a
- honing tool, & support for said tool, a support for
work to be operated on by said tool, means for
effecting relative reciprocation of said supports
to traverse the tool over the surface of the work,
power-actuated means for rotating one of said

supports to effect a relative rotation of the tool -

and work, and means automatically operative at
predetermined intervals for reversing the direc-

2p tion of rotation of said one support without in-

terrupting the relative reciprocation of the sup-
ports. - o
18. In a honing machine, in combination, &

9

support for a honing tool, & support for work to
be operated on by the tool, power-actuated means
for initially moving .one support relative to the
other support to operatively associate the tool

and work and for subsequently effecting relative :

reciprocation of the supports through a working
cycle in which the tool is repeatedly traversed
over the work, power-actuated means for rotat-
ing on of said supports during the working cycle,
control - mechanism for said power-actuated
means including ma;pually operable means effec-
tive to Initiate the operation of the power-actuat-
ed means, means for continuing the operation of
sald power-actuated means independently of said
manually operable means, an electrically driven
timing device, means for automatically initating
the operation of said device after the tool and
work are brought into operative association, and
means controlled by said device. for stopping said

10
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power-actuated mieans to terminate the working 20

cycle.
ALBERT M. JOHNSON.
WALTER M. FAIRBAIRN.




