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Thls 1nvent10n relatés to honing-and partlcularly to the
précision finishing of the -annular’ raceways for -antifric-
tion bearings. -

It has beén'common, practice for'supporting rolling ele-

:ments in varjous machines to provide roller and/or ball
bearings Wthh “have  their -anniilar - raceways and their

rolling. elements carefully ground within very close limits

of accuracy'to support various members for antlfnctlonal '
“Totation abont’ predetermmed axes.

The- ever: increasing
demands ‘of‘'modern precision machmery require antifric-

'tlon beanngs which' can be Tapidly produced to a’better
"degree ‘of . acc‘uracy than in. present . bedrings 'and which
have miuc

wer starting and: ‘rutning torques as well as
tigs’ of " openatlng at ‘véry ‘high speeds without

i mtroducmg objectionable . Vlbratlons to the rotatable mem-
- bers.which these bearirigs support ''The-rolling eléments
fsuch as “the’ balls dnd/or rollérs which are used in-these
‘bearmgs can usually be ground and lapped to a much ’
. greater preclsron than thit.

“a raceway such as he raceway in the outer

vfrace Ting of 4 ball* bearmg, ‘the, multiplicity of radially
j‘.pro;ectmg “abrasive. teeth in th

inding wheel ‘produce
-éven. the most acc) ,ately .ground raceway a.grooved

L F tating grinding. wheel and the
"Also, the stresses and strains set
> Wit the grmdlng wheel, spindle .and "other machine
parts durulg sucha grinding opetation, produce minute in-

between; fhe hrgh 5

upon_the relative movements™
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“atcuracigs of gnndlng contolr which detrimentally affect

Y. of ‘operation of the bearing under condi-
lgh speed rptatton and the exactmg demands
“of ] precrsxon .

Tt is, therefore, an o'bject of thrs mventron to provide

& honing machine and a honing ‘method which will dm-""

prove the contour’ and surface ﬁmsh of a precisely ground
annular  Taceway. - -
"It is ‘a further ob]ect of my mventlon to prov1de an

. improved . raceway . honing ;machine which corrects the‘

-inaccuracies-of.a prior-grinding: operation-and whichre-

- TAOVES: the grinding; pattern: produced ‘in the naceway dur-

~ingthisiprior: grinding opefation:: s
-dt-istafurther object of my iinvention:to: provrde an

sxmproved honing. . machine and method ‘whereina “pre-

“formed: abraswe Honing' raemiber s ‘fitted: againist ‘a raee-
way-and’ subjected to a’ prédetermined - controlled -arcu-
ate‘movemen’c to 1mprove ‘the: surface ﬁmsh ‘of the race-

e} to mlprove generally upo,u de-

-“vices and. methods of t]ius character, this invention con-
Csists” m the various matters ‘hereinafter " described and

Tn s broader _aspects, the invention is not
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“ter-'of the race ring.
’ported and’ rotated about ' its axis 12q.

2
illustrative purposes in the accompanying drawmgs
wherein
Figure 1 is a perspective view of my honing device
with certain parts broken away to show: the1r operatrve
relation durmg ‘a honing operation.
Figure 2 is a fragmentary front end view- of the m-

‘vention; |

Flgure 3isa fragmentary end view showmg my. hon-
ing mechanism in operative "position - against ‘a’ bearmg

-raceway;

Figure 4 is a' diametrical fragmentary “section’ taken
along the line 4—4 of Figure 3; and

Figure 5 is a fragmentary. petspective showing- of an-
other'embodiment of my honing mechanism. ‘

My honing device is illustrated as performing a‘“pre-
cision honing. operation upon- the transversely " curved
raceway 10:of an outer race ring 12 of a ‘ball” bearlng
However, it should be appreciated: that other surfaceés ‘of
the revolution may be accurately honed by my 1nvent10n
and in the same genéral manner.

Generally considered, the outer race ring 12 is rotatéd
about its‘axis in a ﬁxed position' whilé: a preformed ‘hop-
ing stone 14 is yieldably préssed endwrse into ﬁttmg re-

‘lation within the raceway and arcuatély oscillatéd in' the
‘planie of raceway rotation, the center- of ‘this ‘oscilldtion

being preferably shghtly offset from a honzontal ’dlarne-
The race ring 12°is’ su1tab1y sup-
“For convemence,
this ring’ is -shown supported on spaced shoes 13a on a
member 13, .
A-bed 16, fastened to-a base ‘18, has angularly dls—

‘posed ways 20 and 22 which: slidably receive. a’ depend-
“ing ‘dove-tailed portion 24 on a carrrage 25 to ‘permit

rectilingar feeding movement of the’ carriage towards ‘and
from the ‘support 13." A glb 26 secured to the: bed ‘at
one side of the dovetailed portlon limits the carriage to
a movement parallel to'the axis of rotation of the race
ring “12 in the support 13. A cylmder 28, secured to.a
bracket 30 on the bed, slidably receives a plston 32 con-

;nected to a piston rod’'33 fastened to the carriage. “Fluid
-as air under controlled pressure. is selectrvely directed

from a sultable reversing " valve (not shown) through

: pipes 35:and 36 at each side of the piston to control the

longitudinal shifting of the carrlage to.advance and re-

-tract’ the honmg storie 14, As is common in reversing

valves one of ‘these pipes 35 or 36 will be selectively con-
‘nected to' a pressure duct and the other will be connected

to'an exhaust duct and throtthng valves 354 and 36a. will
serve to adjustably control the speed of advance and re-
traction of ‘the carriage 25. An adjustable stop screw 37
in a bracket 38 secured to'the bed 16 limits the forward
position of carriage 25.to locate the honing stone ‘14 in
the plane of the raceway during honing. A second car-

riage 40 shdably supported .on the flat upper face of the

‘carriage 25 has a dependmg dove-talled portion 44 slid-

“.ably received within opposing ways 46-and 48 which hm-
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it the carriage 40 to a longitudinal transverse movement

" atright angles to the axis of the.race ring 12,

A cyhnder 52 has a rearward prOJectlo;n -54 secured as
by a pin within the. bifurcated portion of a boss 58 fas-
tened to and projecting: upwardly- from the. carrlage 25.
A piston rod 60 adjustably secured. to the carriage 40,

slidably extends through the forward end of the cylinder
'52 and is secured at its rearward end to a piston 62 slid-

able’ within the -cylinder, Fluid under controlled..pres-

- sure from a sujtable source, is directed. from. a pipe-64
- into a reversing valve 65. An operating means, as a-hand

70

necessanly Timited to the ‘Specific structures selected for

lever 66, may be shifted to selectively. position :a -vane 67

“m this valve to a full line or to.a dotted-line .indicated
position to direct fluid under pressure -through -a’ pipe

68 causmg an advance of the honing stone 14: generally



: \ o 3 ‘
radially towards a honing position or through a pipe 69
causing a rétraction of the hone. Fluid is exhausted from
the valve through a pipe 70. Throttle valves 68A and
69A . adjustably. control the flow of fluid from the cylin-
der 52 to regulate the feeding movement of the. honing

stone into and out of operating position. = The throttle .

valve 69A is preferably adjusted to control the fluid ex-
haust from the forward end of the cylinder 52 at such
a slow rate that the honing stone 14 will be held against
the raceway with a uniform and predetermined pressure
as the honing stone gradually wears away. The fluid fed
through the .reversing valve is preferablyair in which
event the honing stone is held in position against the race-
way.under a predetermined yieldable pressure. .
Pipes 72 and 73 respectively connect with the pipe 69
at opposite sides of the throttle valve 69A and com-
municate with the interior of a cylinder 74 in a bypass
valve 75. A piston 76 slidable in this cylinder, is se-
cured to a piston rod 77 slidably extending through the
front end wall of the cylinder and engageable with an
arm 78 which is fixed to and extends upwardly from the
carriage 40. - A coiled spring 80 within the cylinder 74
resiliently urges the piston 76 towards the left to a final
position ‘wherein the piston closes the inner ends of both
pipes 72 and 73 preventing a bypass of fluid around the
throttle valve 69A. The extreme left hand position. of
this ‘piston is limited by the engagement of a sleeve
member about the piston rod abutting the front end cylin-
der wall. ' :
When the carriage 40 is withdrawn to locate the honing

12,008,115
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stone- remote from .its operative position, the arm 78 in -

engagement with the piston rod 77 locates the piston
76 in a dot-indicated position wherein fluid can bypass
" the throttle valve 69A through the pipes 73 and 72 and
through the forward end of the cylinder 74. At this
time fluid under pressure entering the rearward end of
the ¢ylinder 52 urges the carriage 40 forwardly and the
honing stone 14 rapidly approaches an operative posi-
“tion since there is a free flow of exhaust fluid around the
valve 69A and into the exhaust pipe 70.

* When the advance of the carriage 40 locates the hon-
ing stone 14 close to but still out of operative engage-
ment with the raceway 10, the spring urged advancing
piston 76 under control of the arm 78 closes off the
inner ends of both pipes 72 and 73 resulting in further
exhaust from the forward end of the cylinder 52 only
through the throttle valve 69A thereby causing the honing
stone to very slowly move the short remaining distance
into operative raceway engaging position after which it
is yieldably held against the work under control of the
fluid ‘pressure entering and exhausting from the cylin-
der 52.
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": When the reversing valve is shifted to a reversed posi---

“tion, as indicated. by the dash line position . of the vane
67, a reduced fluid pressure is directed through pipe 69
and throttle valve 69A into the forward end of the cylin-
der 52 causing the honing stone to first slowly retract

56

from operative position and then retract at a fast maxi--

mum rate as the piston 76 uncovers the ends of the pipes
72 and 73 allowing full line pressure to bypass through
these pipes and into the forward ends of the cylinder.
The rate of retraction of the honing stone and carriage

block 105 is tightly secured to the shaft 92 between the
bearing blocks 88 and 90 and in spaced relation to the
carriage 40. This agitator block has opposed side faces
in slightly spaced relation to the opposing adjacent inner
side faces of the bearing blocks 88 and 90 thus provid-
ing a slight axial float of the shaft 92 to assure self-
seating of the rounded honing stone end within the race-
way 10. ' S , NI -
An agitator generally indicated at 110 has a projecting

foot 112 suitably secured as by- screws within' a’stepped

portion of the block 105. A rearward foot 115- of -the
agitator rests upon a cushion member as a felt pad 117
supported on' the upper end-of an upwardly projecting
boss 118. A coiled spring 120 seated at its lower end
upon the upper face of the carriage 40, extends upwardly
into a counterbore 122 in the forward end of the agitator
block 105. An adjustment screw 124 threaded through
the block 105 and secured in preadjusted position by a
lock nut, extends into the counterbore 122 and engages
at its lower -end against a circular plate 126 slidable
within the counterbore 122 and resting on the top of
the coiled “spring 120. The agitator 110 contains an
annular generally torus-shaped raceway 130 in which a
bail 132 is free to roll with a gyratory motion as indi-
cated. Fluid, as air under pressure, is directed into this

_raceway through a generally tangential passage 133 and

escapes through a passage 134. By regulating the air-

pressure through the passage 133, the gyrating ball im-
parts a controlled periodic rocking pulse to the 'plvqtally
mounted agitator block 105. Tightening of the screw
124 . compresses -the spring -120 and tilts the agitator
block 105 clockwise as shown in Figure 2-to compress
the foot 115 against the yieldable felt pad 117 ‘so ,thg\t
the gyratory movement of the ball 132 in its track will
effect. an ‘arcuate tocking movement of the shaft 92
through “a predetermined extent. o

" The axis 92a of the shaft 92 is preferably located above
the transverse diameter of the race ring 12 and displaced
laterally from the race ring axis 12a ,durmg. a h(_mmg
operation as best illustrated in Figure 3. With this ar-
rangement, the rounded nose of the honing stone 14
which conforms in transverse and- generally circumferen-
tially curvature to that of the raceway against which ‘it
fits, will be urged by the spring 120 generally arcuately
upwardly into closely fitting raceway engagement. The
rapid arcuate oscillation transmitted to this honing stone
through the shaft 92 from the agitator block 105 will be
in a direction back and forth circumferentially of the
raceway thus slightly relieving. the fitting engagement of
the stone against the raceway ‘and -immediately bnngmg
it back to fitting engagement therewith. - As is usual in
honing operations; a light Tubricant as kerosene or other
suitable fluid, is flooded about the nose -of the honing
stonie during a honing operation. to prevent overheating,
and ‘wash away excess abrasive and bond from the nose
of the stone as the stone wears down as well as to pro-
vide a suitable paste or slurry between the nose of this

_stone and the raceway to further aid the honing opera-

* tion. :
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from operative position may be controlled by a throttle .

valve 68A which is now connected in the exhaust circuit.

A pair of spaced beating blocks 88 and 90, secured
to the upper part of the carriage 40 are coaxially bored
to closely but rotatably receive ‘a rock shaft 92 terminat-

65

Figure 5 shows another embodiment of my invention
wherein a suitable agitator such  as a mechanical or an
electric vibrator 140 acts -to- rapidly and longitudinally
reciprocate a rod 142 through a very short distance. " A
crank arm 145 secured to a shaft:92 is urged through a
spring: 147 against. the end of the rod 142. "The. outer

. .end of the spring’ 147-is supported in any.suitable man-

* ing at its outer end in a honing head 94. . A rectangular. .

shaped slot 96 extends laterally through the honing head

and. slidably receives the generally rectangular-shaped
" elongated ‘honing stone 14 in closely fitting relation for
- longitudinal -adjustment.- The outer wall of the slot 96

70.

.ner. . If desired, this spring may be adjustably mgunted
“in the same manner as described and illustrated with re-

spect to the spring 120. The clockwise movement. of
the lever 145 as viewed in Figure 5 is dampened and

cushioned by asitably supported felt pad ‘150, The

~is formed by a cover ‘plate 98 demountably secured as -

by screws'to ‘the end of the honing head 94 to clamp
_the honing “stone 'in ‘its' adjusted -position.” ‘An agitator

75

controlled tocking movement of the crank”arm 145

imparts a regulated rocking movement. to tliq‘y;hijxft» 92
‘and an‘arcuate hone movement in the manner previous-

ly described, "
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;oI claim: - T
1. The method -of honing an.internal surface of rev-
olution on 4 work -piece comprising the steps of rotat-
-ing- the -work- piece -about an axis concentric with the
‘surface of revolution, applying a hone -against the sur-

face of revolution, and arcuately oscillating the hone:

circumferentially of the work piece and about an axis
spaced from;thei axis:of work piece rotation to provide
a changing pressure of the hone against the work piece.

2. The method of honing an” internal surface of rev-
olution:on'a work piece comprising the steps of rotating
‘the' work piece about an axis extending.therethrough and
concentric with said surface of revolution, applying a
hone under yielding pressure against said rotating sur-
face of revolution, and arcuately oscillating the hone
about an axis within the work piece and in spaced parallel
relation to the axis of work piece rotation, to intermit-
tently relieve the pressure of the hone against the rotat-
ing work piece.

3. The method of honing an internal surface of revolu-
tion on a work piece comprising the steps of rotating
the work piece about an axis concentric with the surface
of revolution, applying a hone under predetermined
yieldable pressure against said rotating surface of revolu-
tion, and arcuately oscillating the hone against said sur-
face of revolution and about an axis located between the
work piece axis and the zone being honed to periodically

change the pressure of the hone against the work piece..

4. The method of honing a transversely arcuate an-
nular raceway within an annular race ring comprising
the steps of rotating the raceway about a central axis
concentric with the raceway, applying a honing mem-
ber against the rotating raceway, arcuately oscillating the
honing member in the plane of the raceway and about
an axis above and laterally offset from the axis of the
race ring to intermittently change the honing pressure,
and yieldably urging the hone against the raceway dur-
ing said arcuate oscillation.

5. In a honing machine for finishing a suiface of rev-
olution within a work piece rotated about a fixed axis
concentric with said surface, a honing member having
a curved portion engageable with said surface, means
yieldably locating the curved portion of the honing mem-
ber in engagement with said surface of revolution, and
agitating mechanism for arcuately oscillating the hon-
ing member about an axis extending through the work
piece between the surface being honed and the axis of

- work piece rotation.

6. In a honing machine for finishing a surface of rev-
olution on a work piece rotated about a fixed axis, a
honing member having a rounded end engageable with
and generally conforming to the curvature of said sur-
face, means yieldably urging the honing member against
said surface, and mechanism for arcuately oscillating the
honing member through a predetermined adjustable ex-
tent in engagement with said surface and about an axis
offset from and parallel to the axis of work piece rotation
whereby the honing member will yieldably engage the
work piece under a periodically changing pressure.

7. In a honing machine for finishing an internal sur-
face of revolution on a work piece rotated about a fixed
axis, a honing member having a rounded end for abrad-
ing engagement with said surface, mechanism for shifting
the honing member axially into and out of the work
piece towards and from a predetermined plane normal
to said axis and through the work piece, feeding mech-
anism shifting the honing member radially of the work
piece within said plane into and out of yieldable en-
gagement with the work, an agitator for arcuately os-
cillating the honing member within the work piece in a
direction circumferentially of said surface of revolution
and means to adjust the extent of said oscillation,

8. In a honing machine for finishing an annular trans-
versely curved raceway within a race ring rotated about
the axis of the raceway, a honing member having a
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-sure -against: the raceway.

6

‘rounded end conformingly. engageable with-the raceway,

means presenting and yieldably Iocating the honing mem-
ber against the raceway under predetermined pressure, a
rotatable support for the honing member, said support
being provided with an axis of rotation generally. parallel
to and laterally spaced from the race ring axis, an agitator
secured to the support for oscillating the support-through
a partial rotation, and mechanism- connected: to the agita-
tor for regulating the angular extent :of -said.-oscillation
whereby the ‘honing member will be arcuately “oscillated
in the plane of the raceway.with a periedic, varying pres-

9. In a-honing: machine for finishing: an -internal. sur-
face of revolution on a work piece rotated about a fixed
axis, a honing member having a rounded abrading end
matingly engageable with said surface, mechanism feed-
ing the honing member into and out of the work piece
towards and from a predetermined position adjacent the
surface to be finished, feeding mechanism shifting the
honing member generally radially of the work piece and
into and out of yieldable work piece engagement, an
agitator, tiltably mounted about an axis laterally offset
from the work piece axis to arcuately oscillate the hon-
ing member in a direction circumferentially of the sur-
face of revolution, and yieldable means on said agitator
to regulate the extent of said oscillation.

10. In a honing machine for finishing a surface of
revolution on a work piece rotated about a fixed axis,
a honing member having a rounded abrading end en-
gageable ‘with said surface, a carriage, a rotatable shaft
supported by the carriage, a honing head on the shaft
supporting the honing member, a tiltable agitator block
secured to the shaft, an agitator connected to said block
and arranged to rock the shaft with a controlled move-
ment for arcuately oscillating the honing member in a
direction circumferentially of said surface, means. to
yieldably feed the carriage transversely to locate the
honing member in yieldable engagement with said sur-
face, and carriage feeding mechanism: for positioning the
honing member axially of the work piece.

11. In a honing machine for finishing an annular race-
‘way within a race ring rotated about its axis, a honing
member having a rounded abrading end engageable with
said raceway, a carriage, a tock shaft journalled in the
carriage and having an axis of rotation generally parallel
to and offset from the race ring axis, a honing member
support on said shaft, fluid pressure actuated carriage
feeding mechanism to present and hold the hone against
the raceway, rocking mechanism secured to the shaft and
engageable with the carriage, and adjustable resilient
means between the rocking mechanism and said. carriage.

12. In a honing machine for finishing an annular race-
way within a race ring rotated about an axis concentric
with the raceway, a honing member having a rounded
abrading end engageable with the raceway, feeding mech-
anism for moving the honing member axially of the race
ring, a carriage supported by the feeding mechanism,;

‘a rock shaft journalled in the carriage and having an

axis of rotation generally parallel to and laterally offset
from the race ring axis, a honing member support fas-
tened to the shaft, gas operated mechanism for feeding
the carriage to present and resiliently locate the honing
member against the raceway, an agitator for rocking the
shaft and adjustable resilient means on the carriage to
regulate the extent of shaft rocking movement.

13. In a honing machine for finishing an annular race-
way within a race ring rotated about an axis concentric
with the raceway, a honing member engageable with the
raceway, air operated feeding mechanism for rapidly
moving the honing member towards and from the race-
way, a throttle valve in the feeding mechanism respon-
sive. to the position of the honing member causing the
rapid infeed of the honing member to change to a slow
regulating feed and gently present the hone against the
raceway under predetermined yieldable pressure, and
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.mears to arcuately rock .the hone circumferentially of

-thé raceway through a controlled extent.. - - L
:14.-Tn a honing machise for finishing an annular race-

‘way within a race ring rotated about an axis concentric

-with the raceway, a hone-having a rounded end engage-

.able with the raceway, feeding mechanism for traversing
the- hone axially of the race ring, a carriage supported
“ by the feeding mechanism, a rock shaft journalled in the
- carriage and having-an axis offset from-and parallel to
the: race ring axis, a hone support secured to the shaft,
and air piston and cylinder for feeding the carriage to
move the hone into and from: operative position, a throttle
“yalve connected . to said cylinder, and ‘carriage operated

8

means for actuating the throttle valve to reduce the final

feed of the hone adjacent thé raceway and to locate the
‘hone i operative position under predetermined-yieldable .
pressure, and “adjustable agitator mechanism for -impart-
‘ing an arcuate oscillation to the hone in the plane-of said

raceway. - o
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