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1

This invention relates to a new and improved
grinding means and method especially -adapted
for use with centerless grinding apparatus.

In centerless grinding, 4s the name implies, the
work is not guided between centers, but rests free-
1y on a work blade between the grinding and reg-
ulating wheels of the grinder. Tor grinding
straight shafting or bearings or other cylindrical
work, centerless grinding greatly speeds jproduc-
tion. However, with c¢enterless. grinding -it ‘has
been practically impossible heretofore to obtain
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the requisite eoncentricity in work involving por- |

tions of different -diameters or character such as
shafted tools on the order of reamers and the
like or having centers which must be used. for
subsequent operations or in the ultimate. func-
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tioning of the workpiece, -and very close econ- |

centricity of coaxially aligned portions..of .the
work is therefore highly essential. In conse-
guence, these types of work have of necessity:been
ground on cylindrical grinders. There the work
is held between centers and the grinding wheels
and the work are relatively moved axially to effect
the grinding. -Since cylindrical grinding, even
at the fastest, is restricted in performance to a
much slower rate than centerless grinding the

production rate is relatively low and costs com- -

paratively high.

I have discovered that all -of the high speed
grinding benefits of centerless grinding: can ‘be
had in grinding work of the types meéntioned
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above, including reamers and like shafted tools, -

and even relatively long shafts, if the trailing end
or portion of the work is held-on a center for con-
centricity. In other words, I find that I can-se-
cure the accuracy of expertly executed cyliridrical
grinding, but at substantially the speed:of cénter-
less grinding.

It is-accordingly an object-of the present inven-
tion to provide a successful combination of cen-
terless and centered grinding techniques, attain-

ing the desirable attributes of both types of grifid-

ing without the faults of either.

-Ancther object of the invention is to provide
a means and method for grinding the shafis-of
tools such as reamers or the like to virtually pér-
fect concentricity in a centerless grinder.

A further object of the invention is t6 incrsase
materially. the speed of grinding concentrically
the cylindrical surfaces of work having oéther parts
or portions aligned with and which must remain
concentric with such surfaces, or having subse-
quently useful centers.

Still another obiject of the-invention is to effect
complete finish grinding of cutting todls in a
centerless grinder.

2

Yet another object of the invention is to pro-
vide an-attachment for centerless grinders which
‘will adapt such grinders for grinding the cylin-
drical surfaces of workpieces wherein -concen-
tricity with other portions of the work is a pre-
requisite such-as in the shafts of cutting tools like
reamers, ete.

-Still another chject of the invention is to pro-
vide a new and improved method of grinding.

Other objects, features and advantages of the
present invention will be readily apparent from
the following detailed description of certain ex-
emplary embodiments of the invention, taken to-
gether with the accempanying three sheets of
drawings in which:

Figure 1 is a-side elevational view of a center-
ing and feeding attachment for a centerless grind-
er and embodying the features of the invention,
and having the adjacent side skirt plate removed.

-Figure 2 is a top plan view of the grinding at-
. tachment showing, more or less schematically,
‘how-the device appears in relation to the grind-
ing-and regulating wheels of a centerless grinder
while in operation;

Figure 3 is a sectional detail view, on an en-
larged scale, taken in substantially the plane of
line IIT—III of Fig. 1;

Figure 4 is an enlarged sectional detail view
taken on substantially the line IV—1V of Fig. 1;

- Figure 5is an enlarged elevational and sectional
view taken substantially on the line V—V of
Fig..1;

Figure 6 is-a sectional view taken substantially

+on the line VI—VI of Figure 1;
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“Figure 7 is a fragmentary sectional side eleva-
“tional view of a modified form of center for use
with the device shown-in Fig. 1;

“Figure 8 is a front elevational view of the modi-
“fled-center shown in Fig. 7; :

Figure 9 is g fragmentary side elevational view
of another modified form of center;

Figure 10 is a more or less schematic view show-
ing a modified arrangement for at the same time
finish grinding the shank and the cutting head
-of a cutting tool such as a reamer; and

Pigure 11 is 'a schematic oberating diagram
showing the hydraulic circuit and the mechanical
operating and control means.

According to the present invention, a centerless
grinder of any known or preferred construction is
utilized to effect finish grinding while the trailing
end portion of the workpiece is supported on.a cen-
ter. Thereby extremely accurate concentricity is
attained in such work as has centers that must re-
main concentric with a cylindrieal surface to be
-ground, or is of stepped diameter, or can be only
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partially accommodated in a centerless grinder or
can only be run partially through the grinder,
like headed cutting tools on the order of reamers
and the like. Although at first thought the use of
a center may seem to be inimical to the operation
of a centerless grinder, I have found that by the
practice to be hereinafter set forth in detail
quite amazing results have been attained not only
in the improved quality of the work but also in
the tremendous increase in output with respect to
at least certain types of work. By practicing my
invention, it is now possible to utilize a centerless
grinder for work that was previously considered
outside of the scope of this kind of a grinder.
Production records give ample support to the
proposition that a very valuable and important
step forward has been effected in this art by the
present invention. For example, where approxi-
mately four reamer shanks per hour can be
ground in a cylindrical grinder, from eighty to
5 hundred of the same shanks have been ground
on a production basis by my method with, if any-
thing, improved concentricity. This means an
. approximately twenty to one speedup, together
with improved quality. R
Since the details of structure and operation of
centerless grinders, as such, form no part of the
present invention and are well known in the art,
only those details of such a grinder have been
shown or will be referred to herein as are deemed
desirable for a full understanding of the inven-
tion. ‘A centerless grinder, of course, operates on
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the principle that the cylindrical work to be

ground is supported by a work rest 18 including
a, replaceable work blade fl operatively located
between a grinding wheel 12 and a regulating
wheel 13 (Figs. 1 .and 2). The pressure with

35

which the regulating wheel forces the work ™ -

against the grinding wheel and the relative
speeds of rotation of the wheel, as well as the
" hardness of the workpiece, determine the depth

and speed of grind. .
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grinding similar work in a regular centerless
grind. Excellent results have been found to ob-
tain by providing the trailing end of the work
with a male or female center and spotting the
leading end portion of the work concentrically to
approximately the final diameter desired but
with preferably a slight grinding margin of say
on the average of .0005. The work piece is then
fed between the wheels of the grinder starting
with the spotted end and supported at its trailing
end by the fixed center through the medium of
which it is fed progressively between the wheels
at a rate dependent upon the character of the
stock and the preferred speed of grind. As a re-
sult, the maximum grinding effect of the grinding
wheels is obtained and the work turns out as
nearly perfectly cylindrical and concentric from
end to end as is practicable of attainment.

In the manufacture of cutting fools such as
reamers and the like for which the use of a cen-
terless grinder has not been at all practical here-
tofore, the present method renders it not only
entirely practicable to use a centerless grinder
for grinding the shafts of such tools, but also to
effect, in the same pass through the grinder, fin~
ish grinding the cufting heads of the tools. No
special skill is required to accomplish thiese new
and improved results aside from that ordinarily
needed for running.a centerless grinder. Thus,
the present invention attains all of the advan-
tage of high poduction rate of centerless grind-
ing and also secures all of the accuracy and pos-

_sibly improves upon the accuracy attainable with

a cylindrical grinder.

Centered feeding of the workpieces in the prac-
tice of the novel grinding method of the present
invention, is accomplished by the novel fixture
shown in Figures 1 and 2, which for purposes of
economy, compactness and convenience is pref-
erably constructed as a unitary assembly with
the work rest 10 so that the fixture can be

_ mounted in a centerless grinding machine in

Since the work literally “floats” between the -

grinding and regulating wheels, it is always nec-
essary in true centerless grinding to have the
work supported by the slanting supporting sur-
face of the work blade upon an axis of rotation

45

above the plane of the axes of rotation of the -

grinding and regulating wheels, otherwise high
spots on the surface to be ground will cause the
grinding of a non-cylindrical surface rather than
the desired cylinder. On the other hand, the

60

most direct pressure and therefore the highest .

grinding efiiciency is obtained where the 'axis of
rotation of the work and the axes of rotation of
the grinding and regulating wheels are in a com-
mon plane. There is thus obviously a corre-
" sponding loss in efficiency as the elevation of the
axis of rotation of the work is raised above the
wheel axes. :

1 have found that by holding the end portion of
the workpiece to which concentricity is to be
maintained, in substantially rigidly centered re-
lation in opposition to a back feed action of the
regulating wheel while grinding takes place in the
centerless grinder full advantage can: be taken
of the maximum grinding efficiency attainable
by having the axis of rotation of the work' dis-
posed not higher than g plane through the nar-
rowest dimension of the grinding throat between
the grinding and regulating wheels, while at the
same time securing improved concentricity and
cylinder generation. In  addition, harder and
more rapidly cutting grinding wheels' may be
used than would ordinarily be recommended for
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substantially the same manner as any of the
various standard work supporting fixtures pro-
vided for use therewith. Accordingly, the base

19 is provided with a rearwardly extending bed
extension 14 which may be integrally cast there-
with and is adapted to support a carriage {5 in
longitudinally slidable relation. A dovetail track
17 (Fig. 6) disposed longitudinally in the upper
face of the bed I§ slidably receives an integral
longitudinal dovetail 18 on the carriage 15 and
locked in the dovetail track by a gib 18.

- Adjacent to its forward end, the carriage i8
supports a center assembly 26 which in the pres-
ent instance comprises a base piate 2f having at
its front end a fixed upright support 22 on which
is adjustably mounted a fixed center 23. As best
seen in Figs. 1, 2 and 5, the center 23 projects fix~
edly forwardly from a vertically elongated car-
rying plate 24 which is secured to the front face
of the support-22 by means of a screw 23. In or-
der to enable vertical adjustment of the center,
the securing screw 25 extends through a vertical
adjustment slot 27 in the carrying plate 24 so that
by sliding ‘the carrying plate 24 vertically rela-
tive to the screw. 25, any adjusted vertical posi-
tion of the center can be effected within certain

*limits and then maintained by tightening the

screw 25. Slippage of the carrying plate 24 from
the adjusted position is avoided by a set screw
28 threaded longitudinally through the upper end
of the carrying plate 24 and into the upper end
of the slot 27 to engage the shank-of the securing
screw 25. Lateral adjustment of the center 23
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by swinging' the center-carrying plate- 24 about
the axis of the securing screw 25, substantially as
indicated in broken outlines in Fig. 5; is provided
for, any preferred- condition of lateral adjust-
ment being maintained by lateral-adjustment-re-
taining screws 29 and” 39 threaded through re-
spective supporting bosses or posts'$f and 32 pro-
jecting forwardly from the-support 22 in spaced
relation at respective opposite'sides of the center

carrier 24 and with the ends of the retaining.

serews-adapted -to engage -the respective opposite
side  edges of theé centsr' earrier. In-this way,
work pieces of various- diarmeters: can'Be decom-
modated by the center.

In order to-accommodate work picces of vari-
ous lengths, within certain Iimits; the center Base
21 is longﬂ;udmally ddjustably mounted on: the
carriage #5 and is accordingly formed with-a
longitudinal slot-33- (Fig. 2)- through:which:a.col-
lared securing stud-24° extends-into threaded en~
gagement within & tapped bore 35 in the carriage
i5. By loosening the stud 33 the center: unit 20
can be adjusted longitudinally within the: limits
allowed by the-dadjustment slot 38 by sliding the
base 21 along the top of the-carridge §5. Lateral
displacement of the center base 2f is avoided by
an integral depending longitudinal key 37T there~
on-which engages in a -Iongitudinal keyway 38 in
the top of the carriage 5. By preference the
keyway groove 38 is of substantial-length and has
& plurality of the stud receiving bores-85 therein
so that, where necessary, primary adjustments of
the centering unit 20 can be effected longitudi-
nally of the carriage 15 beyond the limit afforded

by the longitudinal adjusting- slot 33-in’ the base

2i.

In setting up the fixture for grinding a- work
piece such as a reamer 39, the center unit 28 is
adjusted as to its longitudinal- position on the
carriage 15 to afford centered engagement by the
center point 23 with the head-end of the reamer
in the fully retracted position: of the-carrisge 195
and with the shank end eof the reamer just en-
saging the adjacent end: portion of the working
edge of the work blade-Ii, substantially as-seen
in Fig. 2. This places the shank extremity of the
reamer between the grinding wheel-and theé regu-
lating wheel 13, The lateral and vertical adjust-
ment of the center 23 is determined-to maintain
the reamer 39 gccurately concentric with: its- axis
of rotation during grinding. By preference, a
short outer extremity portion of the reamer shank
is spotted as at 40 to approximately, say one to
five ten thousands inch of final' diameter, as a
starter for the grinding. The regulating wheel
13"is brought irito grinding engagement with the
spotted section 49 of the reamer shdank and the
carriage 1% is actuated toward the grinding zone
provided by the grinding wheel 12'and the regu-
lating wheel 13 to feed the cylindrical reamer
shank progressively between the wheels to effect
the finish grinding of the shank. Since the
reamer is held perfeetly centered by the center
23 as it is being held or:fed between the wheels
the grinding will prograss aecurately coreentric
with the reamer head.

Ample resistance to feeding movement of the
work piece so that it is held frmly on the center
23 and solidly in peripheral engagement with the
workrest blade is afforded by having the regulat-
ing wheel 13 set for back feed action upon the
work piece tending to repel the work piece and
driving it against: the center, Therefore, the
regulating wheel {3 is tilted s¥glitly toward the
position from- which the work: pieee is-placed or
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fed into the grinding throat betwesn- the wheels,
as indicated: in substantially exaggerated fashion
in Figure 2, which is the reverse of the tilting of
the regulating wheel which prevails for a through
feed operation. The degree of tilt in the regulat-
ing wheel will vary with the diameter of the work,
a- tilt of one degree being ample for pieces from
.100- to- .300- gigmeter, but greater tilt being de-
sirable for larger digmeter pieces. 'Fhe actien of
the grinding and regulating wheels holds the
workpiece dewn on the workrest without reguiring
any additional mechanisi- for this: purpese and
therefore the spacs above the workrest and dbove
the grinding throat remaing entively unchstiucted
so-that-suceessive workpieces ean be freely placed
inte the grinding threat from abeve in the pro-
duetion operation of the machine.

Means is provided for driving thz csrrisge 15
reciprocably, preferably corprising. a. hydraulic
mechanism which. can be tapped- into the hy-
draulic motivating systera. of the associated
grinding machine. To this edd, a-hydraulic cyl-
inder.41 is mounted under the bed 14 (Fig. 1) and
has reciprocable therein a piston 42 (Fig. 11)
carrying: a. piston.rod.43 which istcornected to a
downwardly - projecting arm 48 integral at the
rear end of the bed 18, The construction and as-
sembly is such that as the piston 42 is driven re-
ciprocably in the eylinder &1, the piston rod 43
acting through the:depending arm:§4 of the. car-
riage drives thie carriage reciprocably te and fro.
An ample bearing head 45 is provided at the rear
end-of the cylinder 41 for guiding. the piston rod
43-and to enable this end of the cylinder &i for
guiding. the piston rod 43 and to enable this.end
of the cylinder to:be supported by the piston rod
without the rieed for any other support thd.ll at
the forward end of the cylinder.

Sinece it is: desirable to-have the piston red act
upon the carriage t5-as-close as practicable to the
mean bearing plane of the. carriags in order to
avoid distoriions by the driving forces applied in
operation; it is. desirable to have the connected
end of the piston rod 43 as close to such bearing
plane as practicable and this may under certain
cireurhstances require a; certain ‘degree of uptilt
of the operating axis of the cylinder and piston

- structure toward the point of engagément with

- the arm: 48,

50

55

80

Buch an- arrangement necescarily
presumes a- change in angle of the cylinder and
piston axis as the carriage is reciprocated. In
addition, provision. is- desvm’”ly mage for acecom-
medating manufacturing inaccuraciss: im the
barts:so-as-to. avoid-any strain or binding in ch-
eration. Accordingly, beth the cyiinder 84 and
the piston rod: 43-are pivotally mounted at their
respective:. attached ends. For example, the
piston 4f has its forward end secured to & head

blug &7 (Fig. 4) which fmay be a solid cyiindrical

member threaded at its closure end to receive a

. connecting flange 4§ by which: it is secured to the

65
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eylinder, the flange  being interconnected ro-
tatably with the eylinder through the medium
of' a retaining ring 49 seated in a shallow an-
nular groove §9 adjacent to the forward end of
the cylinder. A gasket 5{ interposed between
the end of the eylinder and the head plug 47
affords a fluid tight seal.

The piston head 47 is received within & recess
52 provided therefor in the adjacent rear snd of
the base casting I0 and a connecting pin 53 ex-~
tending in press fitted relation through the walls
defining the recess 52 extends slidanly through
a transverse bore 54 adjacent to the ferward end
of the. plug: 47 so. that. the plug can swidg. yo-
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tatably on the pin. Spacers 55 may be inter-
posed between the plug 47 and the walls of the
recess about the pin 53. _

A pivotal, readily detachable connection for the
piston rod 43 with the carriage arm 44 may be
provided by a trunnion 57 (Fig. 3) which is ro-
tatable supported by having its arms bearinged in
3, bushing 58 secured as by press fitting into a
transverse bore 59 in the arm 44. The outer end
of the piston rod 43 has a flattened portion 68
which is slidably received in a vertical slot 64 cut
up from the lower end of the carrying arm 44 to
intersect the bore 59. A reduced diameter portion
62 projects axially from the flattened portion 60
and extends through the trunnion §7 and rear-
wardly therebeyond for threaded engagement by
a cap nut 63 by which the end of the piston rod
is drawn up tight against the trunnion. It will
thus be seen that assembly of the piston rod 43
with the trunnion 57 is adapted to be quickly and
effectively accomplished and by unscrewing the
cap nut 63, the piston rod 43 can be quickly and
conveniently withdrawn from engagement with
the trunnion 57.

A hydraulic motivating system for the piston
42 preferably utilizes the hydraulic system of the
associated grinding machine as the source for hy-
draulic fluid under pressure. Accordingly, a hy-
draulic duct 64 is suitably tapped into the hy-
draulic pressure fluid system of the grinder so as
to receive a continuous supply of hydraulic fluid
under pressure while the pump P (Fig. 11) ‘of
the grinder is in operation. The pressure duct 64
delivers through a control valve assembly 65
having therein a rotor structure 671 providing
alternate delivery passageways 68 and 89 which
are selectively disposable by rotation of the rotor
structure to afford communication for delivery of
pressure fiuid from the pressure duct 64 to a re-
turn supply duct 70 and a feed supply duct 71,
respectively. Alternately, the delivery passage-
ways 68 and 69 are adapted to provide exhaust
communication between the delivery ducts Ti and
10, respectively, and an exhaust duct 72 com-
municating with the sump S of the grinding ma-

- chine. Thus, when the valve rotor 67 is in posi-
tion, as shown in Figure 11, to afford communi-
cation between the high pressure duct 64 and the
delivery duct 79, pressure fluid is delivered to the
forward end of the cylinder 64 to drive the piston
42 into relatively protracted position in the cylin-
der and thus effect return of the carriage 15 to
starting position. As best seen in Fig. 4, the re-
turn delivery duct 10 may extend through a clear-
ance aperture 13 in the wall defining the mount-
ing recess 52 and communicates fixedly with a
delivery passageway 14 formed in the head plug
41 and opening into the forward end of the
cylinder 41, The feed delivery duct TI com-
municates in suitable fashion with the rear end of
the cylinder 41 through the head 45 (Fig. 1). . In
order to afford flexibility both for installation
purposes and to accommodate slight relative
movement of parts during operation, the various
ducts are preferably formed of appropriate flex-
ible tubing adapted for this purpose.

Since it is desirable to control the feed speed
of the carriage 15, means such as a metering
valve 15 (Figs. 1, 3 and 11) is provided. This
metering valve 715 is preferably interposed in the
return Auid duct 70 and operates on the principle
of controlling the exhaust flow of hydraulic fluld
from the cylinder 41, thereby determining the
speed with which the piston 42 will travel under
the influence of hydraulic pressure fuid delivered
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8
to the feed side thereof.. By preference, the feed
control valve 15 has manual adjusting means such
as a knurled headed adjusting screw 11 which
may be locked in any preferred adjusted posi-
tion by a lock nut 18. While the feed control
valve 15 affords positive control upon the ex-
hausting hydraulic fluid passing through the duct
70, it may be of such a character that pressure
fiuid delivered by the return duct 70 will pass
therethrough freely so as to afford rapid return of
the carriage 5. In other words, the feed control
valve 75 may be a one-way valve, although by this
it is not meant to say that control over the return
feed may not be effected if desired.

Actuation of the control valve rotor 67 is pref-
erably coordinated with operation of the in-feed
lever P (Fig. 11). of the grinding machine. For
this purpose, the rotor 671 is provided with an
axial operating stem 79 which has at its outer
extremity a radially extending arm 80 pivotally
connected to an actuating -link 8i so that reci-
procations of the link 81 will be translated
through the arm .80 into oscillation of the oper-
ating stem 79. Connection between the actuat-
ing link 81 and the in-feed lever F is conven-
iently effected by a lost motion pin and slot con~
nection comprising a pin 82 extending laterally
from the arm of the lever F and received in a
lost motion connecting slot 83 in the actuating
link. The length of the lost motion connecting
slot 83 is so calculated that in changing over
from grinding position to non-grinding posi-
tion, or reversely, movement of the regulating
wheel 13 of the grinder is actuated in advance
of the control valve rotor 671. This is of advan-
tage at the beginning of the grinding operation
in that it assures that.the work piece will be
thoroughly engaged between the grinding and
regulating wheel when the feed is started. In
the return phase of the cycle of operation cpen-
ing of the wheel in advance of return of the
center-carriage 15 is desirable so as to free the
work piece for rapid ejéction or removal. Any
desirable form of work ejector can be used for
pushing the ground work out from between the
wheels. = .

A limit upon the feeding movement of the car-
riage 15 is determined by the extreme retracted
position of the piston 42 in the cylinder 41, the
Jength of the carriage and piston and cylinder
structure being properly proportioned for this
purpose. Limit upon return movement of the
carriage 15 is preferably controlled by an ad-
justable stop: 84 which may comprise a nut

5 threaded upon a stop rod 85 which extends rear-

wardly from the end of the bed 14 and projects
through a bore.87. in the depending connector
arm 44 of the:-carriage. A lock nut 88 retains
the stop nut 84 in any preferred adjusted posi-
tion. By this arrangement practically microm-
eter adjustment can be effected in the return
limit of the carriage ‘1§ to accommodate various
lengths of work pieces, and in particular work
pieces which are too short to be accommodated
by forward adjustment of the centering unit 28.

To assure free travel of the carriage 15, means
may be provided for lubricating the track there-
for, such as a greasing system including a duct
89 having a greasing nipple 98 recessed within
the rear face of the connector arm 44 of the car-

riage and extending forwardly to the dovetail {8.

Since the grinding operation customarily in-

. volves use of a coolant fluid means is provided

for protecting the slideway for the carriage from

75 the fluid. In . the present instance such means
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8
comprises respective closure plates 81 (Figs. 2
and .g) removably.secured as by means of .screws
92 threaded into appropriate bores 93 (Fig. 1)
therefor in .the opposite .sides. of the carriage I5.
At the front-end of the.carriage a depending lip
94 cooperates -with the closure plates 91, while at
the-rear end of the carriage the connector arm 44
cooperates with the plates whereby to provide
a protective skirt completély around the car-
riage, ’

‘Where the work pieces are too long to be han-
dled by a fixed center such as provided by the
centering device 20, the latter may be supplanted
by a bearing .collet device §5 (Figs. 7 and 8).
Thereby a long work piece such as a shaft 91
is adapted.to be.gripped at an.intermediate point
close enough to the portion to .be fed into the
grinder to.hold the work piece substantially per-
fectly-centered. In a desirable form, the bearing
collet device 85 comprises a tubular collet mem-
ber 98 having integral spring jaws 99 adapted
to grip the work piece 97 when they are driven
uniformly radially inwardly to grip the work

iece. This s accomplished by effecting rela-
tive .axial movement between fthe collet 88 and
a rotary supporting slesve (08 which at its for-
ward end has an .annular cam surface 101
adapted to.engage complementary cam surfaces
102 .on -the collet jaws 89. Such relative axial
movement is-effected by a draw sleeve 103 which
is in threaded .engagement with the inner end
of the .collet tube .88 and has an integral collar
104 bearing against the rear -end of the rotary
cieeve 463 and formed with a knurled head 105
by which it can be manipulated to rotate the
draw sleeve 183 for drawing the collet 98 into
work-gripping relationship or for releasing the
collet. A free rotary support for the sleeve 130
is provided by ifront .and rear .roller bearings
{87 running in a supporting sleeve 108 which
is integral .with .a depending arm 109 secured as
by a screw {48 to the front face of a support-

ing standard .{11 adapted to be mounted on the .

fixture carriage 15 in much the same manner
as the fixed -center device 20.

Vertical adjustment of the bearing collet 95
is afforded by a vertical slot 112 for passage -of

the screw shank in the attachment leg 189. Any

positign of vertical -adjustment is adapted to be

maintained positively by a vertically adjustable .

stop screw (13 threaded into a ledge 114 provided
therefer at the rear of the supporting standard
f11. In .addition to vertical adjustment, lateral
adjustment is permitted by swinging the bear-
ing -collet .device about the axis .of the securing
screw 140. Any such lateral -adjustment is
adapted to be-defined by respective left and right
adjusting screws (i85 threadedly carried to
project radially into .engagement with the sup-
porting sleeve {08 by yoke arms 1i1. Longi-
tudinal -displacement .of the rofary sleeve 180 is
avoided by the provisicn of an integral retaining
collar (18 at its front.end, while at its rear end
the sleeve has a retaining collar 118 screwed
thereon and held by a set screw {{9a.

Means for helding the rotary sleeve 100 sta-
tionary while the work piece is being clamped in
the coliel 8% or heing released therefrom .com-
prises 2 spring-biased. plunger 20 which is
mountad in a bracket 421 which may be integral
with the supporting sleeve 198 to overhang the
retaining cellar 148, A plurality of radial inter-
locking pits {22 in the retaining collar 119 are
adapted to receive the end.of the plunger {29 in-
terlockingly and thereby to.hold the rotary slecve
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10
100 stationary. To release the plunger 129 from
the interlock relationship, it is adapted to e
withdrawn by lifting .it against its spring bias
through the medium of a knurled head 123 which
is adapted to be held in the retracted position by
engagement with the top .of a fixed pin 124. In
the protracted position of the plunger this pin
124 is adapted to be received in a clearance notch
125 in the head. Thus, when the collet is to be
released for free rotation, the plunger 128 is re-
tracted to the broken line position shown in Fig.
7 and the.full line position of Fig. 8 and by slight
turn of the head 123 the clearance notch 125 ‘is
moved out of registration with the pin 124 so that
the underside of the head 123 engages the top
of the restraining pin 124. Then, when it is de-
sired. to interlock the collet against rotation,
turning of the head 123 until registration is ef-
fected between the pin 124 and :the clearance
notch 125 permits the interlock pin 20 to snap
‘into protracted position for engagement within
one of the interlock pits 122, whersupon the draw
sleeve head 1085 can be turned to loosen or tighten
the collet while the rotary supperting sleeve 100

s held stationary.

The bearing collet 85 has been found especially
useful for grinding line reamers since it permits
the reamer to be held quite firmly on center while
the pilot and shank portions thereof gre alter-
nately ground.

For thin work pieces which are not long enough
to warrant use of the bearing collet such as a
work piece 127 (Fig. 9), a fixed center device 128
may be used having an adjustable fixed female
center 129 to receive a male center £30 on the
work piece. .Aside from the female center 129,
the center device 128 may be of substantially the
same construction and similarly adjustable as
the center device 20.

By having the centering devices universally
adjustable transversely of the .center in each
instance, set-up for various size work pieces is
greatly facilitated.

Work pieces having axially aligned cylindrical
portions of different .diameters both .of which
must be finish ground to as nearly as practicable
perfect concentricity can be ground in one pass
through the grinder according to my invention.
Having particular reference to Figure 10, a work
piece such as a.straight fluted reamer {3{ hav-
ing a shank 132 which'is of smaller diameter than
a straight fluted head (33 is shown as being
ground by a grinding wheel 134 which is dressed
to provide a grinding surface (3§ of greater di-
ameter than a grinding surface {37, such sur-
faces being adapted for grinding respectively the
shank 132 gnd the larger diameter head t33. For
this type of grinding, a work blade 38 is pro-
vided which affords support only for the smaller
diameter shank 132, while the larger diameter
portion or head 133 is.held on center by the fixed
center 28. It will be understood, of course, that
the regulating wheel will be fashioned to conform
to this particular arrangement either by dress-
off to provide free clearance for the head por-
tion 133 of the work or by being initially of a
width to engage merely the reduced diameter or
shank portion 132 of the tool and opposing the
grinding surface of larger diameter 135 of the
grinding wheel. The work piece 131 is set into
the grinder shank first, and the support pro-
vided by the engagement of the shank piece he-
tween the grinding wheel and the regulating
wheel and the head on the center 23 is sufficient
to ‘hold the larger diameter or head portion £33
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of the work piece to the grinding face {37 of the‘
grinding wheel to effect accurate finish grinding. -

By this method, straight flute reamers having
carbon steel shanks and high speed steel flutes
have been successfully ground using a grinding
wheel seven times harder than ordinarily used
in a centerless grinder for high speed steel. It
is readily apparent from this how fast grinding
can be accomplished by the present method.
From the foregoing it will be apparent that by
the present invention many grinding operations
can be performed in a centerless grinding ma-~
chine that were not heretofore possible or prac-
ticable. )
To set up for a quantity run, the center is ini-
tially adjusted for the particular work and no
further adjustment is required as long as the
same kind of work piece is being run. Where
one kind of work piece is to be ground at different
times, such as for reorders, a master piece can

be kept and the set-up quickly accomplished with

such master each time a run is to be made.
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opposite ends to accommodate angular displace-
ments thereof in the reciprocation of the car-
riage.
3. In combination in a fixture for use in a cen-

"terless grinding machine fo support the frailing

portion of a work piece and feed the same be-
tween the grinding and regulating wheels of the
grinder in cooperation with the work blade of
the machine supporting the leading end portion
of the work piece, said fixture comprising a cen-
tering device, a reciprocable carriage supporting
said centering . device, means for adjusting the
centering device on the carriage for accommo-
dating various lengths of work pieces, means for
driving the carriage reciprocably, and means for
adjustably stopping the carriage in retracted po-

" gition conformable with the adjustment of the

20

A very important advantage effecting a large .

saving in time as compared with cylindrical
grinding and avoiding a serious cause of scrap
is the entire elimination of the use of dogs in
grinding according to the present invention.
Thus, in cylindrical grinding of reamer shanks,
for example, much time is constimed in placing
the dogs, and much scrap results due to damage
to the flutes from overtightening or slipping of
the dogs. ) .

Certain other advantages that may not have
been discussed hereinbefore, may also be men-
tioned. All the preliminary machinery work may
be completed on a work piece before finish grind-
ing according to this invention, and since that is
the last operation, the oil coolant will amply coat
the article so that no further profective oiling
is needed.

The invention lends itself very well to greatly
accelerated through-feeding grinding. In this
the successive pieces are driven through between
the grinding wheels by use of a center 128 of
Figure 9. It has been found in practice that un-
heard of heavy cuts up to .040.inch in one pass
can be taken to a finished diameter by this
method. :

Tt will, of course, be understood that various
details of construction and steps in the practice
of my method may be varied through a wide
range without departing from the principles of
this invention, and it is, therefore, not the pur-
pose to limit the patent granted hereon other-
wise than necessitated by the scope of the ap-
pended claims. :

I claim: )

1. In combination in a centering fixture for use
with a centerless grinder, a bed, & carriage sup-
ported reciprocably by said bed, a centering de-
vice supported by said carriage, a cylinder sup-
ported pivotally under said bed, a piston operable
within said cylinder and having a rod pivotally
connected to said carriage, and means for supply-
ing hydraulic fluid to said cylinder for driving
the piston reciprocably therein for actuating said
carriage.

2. In combination in.a fixture for supporting
work in centered relation to the work blade of
a centerless grinding machine while the work
is fed between the grinding and regulating wheels
'of the grinding machine, a reciprocable center-
ing mechanism including a hydraulic cylinder
and piston operator, and means for. supporting
the hydraulic operator relatively pivotally at its

centering device and adapted to adjust the re-
turn movement of the carriage for work pieces
shorter than can be accommodated by adjust-
ment of the centering device on the carriage.

4. In combination in apparatus of the character
described, a base member for supporting a work

] blade for a centerless grinding machine, a bed

25

30

35

40

50

extension on said support, a carriage having a
work supporting center thereon, a dove-tail slide
and track structure connecting the carriage and
bed extension for guided reciprocal movement
of the carriage toward and away from the work

“blade, aind a hydraulic operator for actuating said

carriage comprising a cylinder pivotally con-
nected to the supporting member and a piston op-
erable in the cylinder and having a piston rod
pivotally secured to the rear extremity of the car-
riage beyond the end of the bed extension.

5. In combination in apparatus of the char-
acter described, a reciprocable carriage, a stand-
ard on said carriage, an elongated member pend-
antly pivotally and longitudinally adjustably sup-
ported by the forward side of said standard and
having a work supporting center projecting for-
wardly from the lower portion thereof, and means
for vertically and pivotally adjusting said member

for adjusting the position of said center.

6. In combination in a centering fixture of the
character described, a reciprocable carriage, an
upright member having an angular flat base por-
tion, a work supporting center carried by said
member above said base portion, and means for
‘securing said base portion to said carriage in a
plurality of adjusted positions. '

7. In combination in apparatus of the character
described including a centering device for hold-

. ing a workpiece centered in a centerless type of
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grinder, said apparatus including a carriage hav-

ing @ centering device thereon, a support for said
carriage, a track on said support for guiding the
carriage for reciprocal movement, a rod extend-
ing rearwardly from the support, a- depending

‘portion on said carriaige and having said rod

extending therethrough freely, and an adjust-
sble stop nut on said rod and engageable with
said depending portion for confrolling the ex-
tent of rearward movement of the carriage.

8. In a centering fixture of the character de-
scribed, a support, a carriage reciprocable on said
support, a center support carried by the carriage,
a horizonfal flange on said center support, an
aperture in said flange, the carriage having a plu-
rality of longitudinally spaced tapped holes there-
in, and bolt means extending through said flange
aperture and selectively engageable in said tapbed
holes for adjusting the centering device longitu-
dinally of the carriage to accommodate work-

- pieces of different length,
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9. In apparatis as defined in claim 8, the aper-
ture in the flange being elongated lengthwise of
the carriage whereby to effect primary adjust-
ment-of the centering device by loosening said
bolt means and adjusting the centering device
longitudinally without shifting the bolt means to
a different hole in the carriage.

10. In combination in a centerless. grinding
machine including a grinding wheel and a coop-
erating opposed regulating wheel and a work
blade for supporting a work piece in operative
relation between the wheels, means for actuating
one of said wheels toward and away from the
other wheel and including an in-feed control
lever, a carriage supported by the machine at the
side thereof from which the work is fed ketween
the wheels onto said work blade and alighed with
the work blade to hold an article centered while
being operated on between the wheels, a hy-

draulic operator for actuating said centering de- °

vice, & hydraulic fluid pressure system connected
with said operator, a valve for controlling the
distribution of hydraulic fluid from the hydraulic
system to said operator, and an actuating con-
nection between said valve and said lever for ac~
tuation of the valve in coordination with opera-
tion of said lever.

11. In combination in a centerless grinding ma-
chine including grinding and regulating wheels
and a, work support between said wheels, the reg-
ulating wheel being mounted for movement to-
ward and away from the grinding wheel, means
for controlling said relative movements of the
regulating wheel and including an operating
lever, a centering device including a carriage and
being adapted for movement toward and away
from the working area between the wheels at the
top of said work support, means for actuating
said carriage, and means for controlling said ac-
tuating means including a link connected to and
operable by the lever.

12. In combination in a centerless grinding ma-
chine including a grinding wheel, a regulating
wheel mounted for movement toward and away
from the grinding wheel, a work support between
the wheels, means for actuating the regulating
wheel toward and away from the grinding wheel,
an operating lever for controlling said actuating
means, a centering device at the work feeding
side of the machine considered with respect to
said wheels, hydraulic means for actuating said
centering means toward and away from the
wheels, a control valve having an operating stem
projecting therefrom and adapted to control said
hydraulic means, and means operably connecting
said operating stem and said lever.

13. In combination in a centering device of the
character described, a supporting member, a
member carrying a center, means connecting the
center carrying member to said supporting mem-
ber for universal adjustment relative to said sup-
porting member transversely of the axis of the
center, and means for maintaining the center
carrying member in any selected adjusted posi-
tion.

14. In combination in a centering fixture for
use with a grinding machine or the like, a stand-
ard, a member having a center projecting for-
wardly therefrom, means connecting said mem-
ber to said standard for substantially universal
adjustment transversely relative to the axis of
said center, and means for maintaining sald
member in any adjusted position.

15. In combination in a centering fixture of
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the character described, a standard having a sub-
stantially Y~shaped upper portion, means for sup-
porting a work piece on center and including a
member having a depending portion thereof piv-
otally and longitudinally adjustably connected to
said standard, said member being substantially
cradled in the upper Y-shaped portion of the
standard, and adjustment serews operative on the
divergent legs of the Y-shaped portion for main-
taining said member in adjusted position.

16. In combination in a centering device of the
character described, a supporting member, a
plate, a center element projecting from one face
of the plate, and means disposed eccentrically
relative to sald center element and connecting
the plate to said supporting member for substan-
tially universal relative adjustment transversely
to the axis of the center element.

17. In combination in a centering device of the
character described, a supporting member, a
plate, a center element projecting from one face
of the plate, means disposed eccentrically relative
to said center element and connecting the plate
to said supporting member for substantially uni-
versal relative adjustment transversely to the
axis of the center element, and a plurality of re-
taining screws supported about the periphery of
said plate and operative for retaining the plate in
any selected adjusted position of the center ele-
ment,

18. The method of grinding in a centerless
grinder a workpiece to accurate concentricity
with one end portion of the workpiece and where-
in the centerless grinder is of the type including
cooperating grinding and regulating wheels de-
fining a grinding throat therebetween and having
a vertical workrest blade mounted below the
grinding throat but with the area above the work-
rest blade entirely free of obstruction, which com-
prises placing a workpiece to.be ground on the
workrest blade in the grinding throat between the
wheels and with the axis of roftation of the work-
plece disposed not higher than a plane through
the narrowest dimension of the grinding throat,
operating the wheels in grinding relation to the
workpiece with the regulating wheel tilted to have
a back-feed action tending to repel the workpiece,
and holding the end of the workpiece to which
concentricity is to be maintained in substantially
rigidly centered relation in opposition to the back-
feed of the regulating wheel.

WALDO L. GARBERDING.
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