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UNITED STATES

1,662,023

PATENT OFFICE.

WILLIAM J. BAUMBERGER, OF DAVENPORT, IOWA, ASSIGNOR TO THE MICRO MACHINE
COMPANY, OF BETTENDORF, IOWA, A CORPORATION OF IOWA.

'GRINDING MACHINE.

Application filed November 20, 1922. Serial No. 602,068,

This invention relates to grinding ma-
chines and more particularly to rotary
grinding wheels carried by a rigid arm and
adapted for internal grinding. The pres-

§ ent invention is an improvement over the
constructions disclosed in copending appli-
cations of H. M. Jerome Serial No. 483,195,
filed July 26, 1921; and of H. F. Joseph,
Serial No. 506,301, filed October 8, 1921.
An object of this invention is to provide
a construction in which vibration or chat-
tering of the tool spindle is substantially
eliminated, even though the spindle be ro-
tated at a high speed. :
A further object is to provide the sec-
tional spindle for carrying the grinding
wheel with a fluid tight conduit through the
spindle sections to carry fluid to the grind-
ing wheel. )
Another object is to provide an improved
joint between the sections of the tubular
spindle.
Other objects will be apparent from the
following description and annexed drawings.
The following description and annexed
drawings set forth in detail certain means
embodying the invention, the disclosed
means, however, constituting but one of the
various mechanical forms in which the prin-
ciple of the invention may be applied. Ref-
erence should be had to the annexed draw-
ings forming a part of this specification, in
which -
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Figure 1 is a longitudinal central vertical

35 section through the machine.

Fig. 2 is a longitudinal section through
the sectional spindle. )

Fig. 8 is a fragmentary view showing the
end of a section of the spindle in perspec-
tive, ' '

Fig. 4 is'an enlarged sectional view of the
spindle. -

Fig. 5 is an enlarged sectional view of

. the front end of the spindle and grinding
wheel.

The invention is shown in connection with
a machine’ for internal grinding such as
~shown in the copending applications above
referred to. The machine frame or sup-
port 1 has a cylindrical upper portion 2
in which is rotatably mounted the drum 8
-on bearings 3*. The drum 3 has an ex-
ternal gear 4 in mesh with gears 5 on the
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drive shaft 6. Journaled in the drum is
an eccentric sleeve member 7 having a worm
wheel 8 fixed to one end, which meshes with
a worm 9 carried by the drum 3. The sleeve
7 is held against endwise movement by a

55

conical outwardly flaring integral end por- -

tion 10 at its forward end and a conical col-
lar'11 adjustably secured upon its rear end.
The sleeve receiving opening in the drum is
flared outwardly at the ends to receive the
enlarged end of the sleeve 7 and the col-
lar 11. A tubular spindle housing 12 is
rigidly secured within an eccentric bore in
the enlarged portion 10 of the sleeve 7,
and extends parallel with the axis there-
of. An alined spindle sleeve 13 is secured
within the opposite end of the sleeve 7 in
alinement with the tubular housing 12. A
spindle is journaled in suitable bearings in
the tubular housing 12 and sleeve 13 and
carries the grinding wheel 14 which is suit-
ably secured thereto at its forward end
which projects from the forward end of the
tubular housing 12. The spindle is driven
by a belt pulley 15 suitably secured to it to
rotate therewith at a point in the rear of the
sleeve 13. The spindle is tubular and is
preferably composed of a plurality of sec-
tions having interfitting flanges and recesses
as more fully described hereinafter.

The eccentric sleeve 7 may be adjusted by
the worm 9 to vary the eccentricity of the
spindle housing with respect to the drum.
When the drum 3 is rotated, the spindle
housing 12 is revolved bodily in a cireular

path about the axis of the drum. The di--

ameter of such path may be varied by ad-
justing the sleeve 7 in the drum. The cir-
cular movement of the spindle housing

causes the grinding wheel 14 to move in

a path around the interior of the cylinder
or work being ground.

It is desirable to eliminate in so far as
possible the vibration of the spindle upon
which the tool is mounted, especially ad-
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jacent the end on which the tool is mount-

ed. This is accomplished by providing a

series of bearings mounted within the tubu-
lar housing 12 as hereinafter described to
independently support the sections of the
spindle. Even though the spindle sections
have their interfitting projections 37 accu-
rately made so that there is substantially no
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play perceptible between the radially abut-~

ting side walls of the projections, yet these
joints will absorb vibrations and break u
the long waves or periods of vibration whic
might otherwise be present. - '

A tube 56 may be inserted in the spindle
and extends through the sections 18, 19 and
90. Preferably the forward end of the, tube
56 is swaged to engage the tapered opening
56* at the forward end of the spindle 18
and the tube is secured thercto by tinning
and sweating, or by any other suitable means
so that a tight joint is made between the
spindle and tube to prevent any liquid from
seeping backward between the tube 56 and
the spindle section 18. At the rear end the
s%indle section 20 is recessed to receive suit-
able packing 20°, which is compressed
against the tube 56 by means of.the nut 20°
to prevent fluid from passing between the
tube and the spindle section 20. .

The tube 56 does away with the necessity

of making an absolutely liquid tight fit be--

tween the spindle sections and yet insures
that none of the liquid carried through. the
spindle will come in contact with the bear-
ings supporting the various sections of the
spindle. It insures that all the liquid fur-
nished at the rear end will be carried to the
nozzle portion where it is desired to direct
it at such an angle that the liquid will be
forced into the path of the grinding wheel.
While the water will be forced under more
or less pressure through the tube 56, centrif-
ugal action of the grinding wheel augments
this pressure, it being understood that the
grinding wheel is rotated at a very high

. speed. The water is directed in the path

40

50

85

of the wheel so that the wheel will engage.

only clean fresh surfaces and will not collect
the dust and débris common when a dry
grinding wheel is used. This insures a more
rapid cutting action, a smoother cut, and the
accuracy of the cut will be greater as all
cutting points of portions of the wheel are
operating and are not- choked or covered
with previously cut material. o :

To supply the fluid I proyide an enlarged
bore at the rear end of the spindle to receive
a flexible hose 16 of somewhat smaller diam-
eter, so that there will be sufficient clearance
between the hose 16 and the end of the spin-
dle section to prevent the latter from wear-
ing or burning the hose due to_its rapid
rotation. The excess water supplied by the
hose seeps backward through this space and

“prevents contact between the hose and spin-

dle. The flexible hose 16 is carried by the
hood 17 which is shaped to surround the
rear end of the spindle. The end of the
spindle 20 may have a funnel shaped guide
20’ threaded thereto.. This guide will direct
the fluid from the flexible hose 16 into the
fgindle opening, or if the operator desires,

e hose itself may be pushed forward into

1,662,028

the recess at the rear of the spindle as above
described. The forward end of the guide
20’ may be suitably engaged by nut 20° laid
into the pulley 15-to prevent relative move-
ment of the guide 20’ with respect to the
spindle section 20 when the latter is driven
in operation. The hood 17 is supported by
a suitable bracket 172 cecured to the frame
of the machine and carries an outlet pipe to
catch the leakage and return the same
through the drain pipe 17’ to a suitable tank
(not shown) and from there it is again
pumped through the hose 18. The forward
portion of the hood has an enlarged opening
in which the spindle may extend and be re-
volved and rotated so that the hood at all
times surrounds the flared end of the spin-
dle, catching any liquid thrown off by cen-
tl:i:éugal force and carrying it into the drain
pipe.

The forward section 18 of the spindle to
which the grinding wheel is secured is rela-
tively short. The other sections of the spin-
dle are relatively longer, and preferably
longer progressively toward the rear of the

‘spindle. The spindle may be composed of

any number of sections, but I have found
that for a majority of work to divide the
spindle into three sections will enable one
to rotate the spindle with a relatively high
speed of rotation and do away with substan-
tially all vibration or chattering, thus insur-
ing a much smoother and more perfect sur-

‘face after grinding than when a spindle of

one piece is used.

.. The forward section 18 of the spindle has
a driving connection with the section 19
which may extend to the adjacent inner end
of the housing 12, and which is in turn eon-

‘nected with a section 20, which extends-

through the sleeve 7 and carries the belt
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ulley 15 at the rear of the sleeve 7. The

orward end of the section 18 of the spindle
is stepped to provide an. inner peripheral
shoulder 21 and the reduced portion 22, and
is further stepped to provide the reduced

ortion 24 and the shoulder 23. A ball bear-
ing is mounted on the portion 22 of the spin-
dle and comprises inner and outer races 25,
96 fitting tightly upon the reduced portion
922 of the spindle and against the inner sur-
face of the housing 12 respectively. The
forward end portion of the tubular housing
12 has a bore 28 of enlarged diameter which
is shouldered at 29. Between the shoulder
and outer race of the ball bearing is a suit-
able spacing collar 30. -

.Fitted upon the reduced cnd 24 of the
spindle section 18 is a spacing collar 31
which may be channel shaped in cross sec-
tion with its channel facing outwardly and
its inner leg of greater length. A spacing
collar 32 which is channel shaped in cross
gection is externally threaded and is adap}vlt-
ed to be screwed into the outer end of the
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housing 12. The collar 82 has its channel
facing inwardly with its short leg fitting
within the channel of the collar 31, and its
channel receiving the short outer leg of the
channel collar 31. - The outer longer leg of
the threaded collar 32 bears against the
outer race of the bearing and holds it
against the internal collar 30. A collar 33
which may be Z-shaped in cross section is
fitted upon the reduced end portion 24 of
the spindle outside the collar 81. The col-
Iar 33 has a rearwardly extending periph-
eral flange overlying the outer end of the
collar 32 and an outwardly extending hub
flange upon the reduced end 24 of the spin-
dle section 18. ' A nut 34 upon the threaded
end of the spindle section 18 clamps the
grinding wheel 14 against the collar 88, and
holds the collar 33 against the inner long leg
or flange of the collar 31 and the bearing
race 25 against the shoilder 21. The inter-
fitting flanges of the collars 81 and 32 also
prevent leakage of the lubricant for the
bearings in the spindle housing. :

The inner end portion 85 of the short sec-
tion 18 is reduced, forming a shoulder 36,
and is threaded part way from the end.
The extreme inner end of the section 18 has
portions cut away on radial lines, forming
unthreaded projections 37 and notches 38
adapted to interfit with similar notches and
projections on the outer end of the inter-
mediate spindle section 19. A bearing is
fitted upon the unthreaded part of the re-
duced inner end of the section 18 and con-
sists of inner and outer races 89 and 40 fitted
on the spindle and within the bore 28 of
the housing 12. A nut 42 is screwed upon
the threaded part of the end portion 35 of
the section 18, and has an unthredaded outer
portion overlying the interfitting notched
ends of the sections 18 and 19. The nut 42
holds the inner race 39 of the bearings
tightly against the shoulder 36. - :

The enlarged bore 28 of the tubular hous-
ing 12 terminates a short distance beyond the

inner end of the outer spindle section 18

where the tube has a smaller Lore 43 form-

ing a shoulder 44. The inner end of the

tubular housing 12 has an enlarged bore 45
forming a shoulder 46 at the inner end of
the bore 43. The intermediate spindle sec-
tion 19 has reduced notched and threaded
ends similar to the inner end of the outer

spindle section 18, and is provided with
‘ball bearings 47 and 48 at its outer and

- inner ends similar to the ball bearings at
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the ends of the spindle section 18. The
outer notched end of the spindle section 19
interfits with the inner notched end of the
spindle section 18 and has a nut 49 which
clamps the bearing 47 against the spindle
shoulder and against the internal shoulder
44 of the tubular housing 12. The inner
notched end of the spindle section 19 inter-

fits with the outer end of the inner spindle
section 20, and has a nut 50 similar to the
nut 42 on the spindle section 18 which
clamps the bearing 48 against the spindle
shoulder and against the internal shoulder
46 of the tubular housing 12. The bear-
ings 47 and 48 clamped to the housing 12 by
the nuts 49 and 50 serve to hold the inter-
mediate spindle section 19 against longitu-
dinal movement with respect to the housing
12 : S

The outer end of the inner spindle section
20 has a reduced threaded and notched outer
end interfitting with the inner end of the
intermediate section 19. A threaded collar
51 similar to the collar 82 at the outer end of
the housing is screwed into the enlarged
inner end of the housing 12, and has a chan-
nel receiving the flange of a collar 52 similaf
to the collar 31 at the outer end of the spin-
dle, and fitted upon the reduced outer end
of the inner spindle section 20. A ball
bearing 53 is fitted on the reduced end of the
spindle section 20 outside the collar 52. ‘A
nut 54 clamps the bearing 58 and collar 52
against the spindle shoulder. The threaded
collar 51 engages the collar 52 to prevent
leakage of lubricant. o

The opposite end of the inmer spindle
section 20 is provided with ball bearings 58
within the enlarged outer end of the sleeve

7" on the opposite end of the bearing sleeve

7, similar to its bearings within the inner
end of the tubular housing 12. The bear-
ings are clamped against a shoulder on the
slecve 13 by a collar 55 threaded into the
open end of sleeve 13. The spacing collar
57 is locked on the spindle section between
the bearings 58 and the pulley 15. The col-
lars 55 and 57 are channel shaped and have
cooperating flanges to prevent the leakage
of lubricant. The spindle 20 is thus
clamped against endwise movement with
respect to the tubular housing 12 and
sleeve 7. . .

It is well known that any vibrational
waves which may be set up are of less am-
plitude in a relatively short spindle section.

I have therefore made my spindle section ..

shorter progressively toward the tool carry-
ing section, the latter being the shortest of
all. By connecting the sections of the
spindle as above described and mounting
them independently and rigidly in spaced
bearings which serve to maintain them in
alinement the transmission of - vibrations
from one section of the spindle to another
through the driving sections is substantial-
ly prevented. :

Tt will thus be seen that the tool carrving

-spindle section is relatively short and rigid-

ly supported and therefore that the critical
speed of rotation of the spindle is relatively
much higher and that my spindle may be
operated at relatively high speeds and with
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" substantially no vibration, thus obtaining
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a much smoother surface on the work being
round. :
With grinding wheels for internal work

it is desirable to have a hollow spindle for

conducting water to the wheel. If the

spindle is sectional it is necessary to provide .

means for preventing leakage at the joints
to prevent the liquid from coming into con-
tact with the bearings supporting the spindle
sections. :

Tt will therefore be seen that I have avoid-
ed the complications arising from attempt-
ing to make a sectional spindle construction
with water tight joints and I have made the
sections and joints of such nature that vi-
bration will not be transmitted. For in my
construction I have made the spindle hol-
low or tubular and provided an inner tube
56 of brass or other suitable material, pref-
erably flexible, extending throughout the
lengt\’; of the sections of the spindle.

Furthermore, it is to be understood that
the particular forms of apparatus shown and
described, and the particular procedure set
forth, are presented for purposes of explana-
tion and illustration and that various modi-
fications of said apparatus and procedure
can be made without deEarting from my in-
vention as defined in the appended claims.

Having fully described my invention,
what I claim is:

1. In a grinding machine v
grinding, in combination, a hollow grindin
wheel spindle comprising a 'plurality o
longitudinally aligned hollow spindle sec-
tions, each said spindle section being rigid-
ly supported in rotatable manner by suit-
able bearings adjacent each end thereof, o;l)-
erative copnections between adjacent spindle
sections whereby said sections may be simul-
taneously rotated by rotation of one spindle
section, & grinding wheel secured to one of
said spindle sections at one end of said
spindle, means for rotating another spindle
section, and means for conducting liquid
through said spindle to the end section there-
of carrying the grinding wheel, said liquid
conducting means comprising a tube rotat-
able with said spindle and extending through
said spindle from adjacent one end thereof
past the joints of adjacent spindle sections
to adjacent the other end of said spindle;
said tube being secured at its ends to re-
spective spindle sections in liquid-tight man-
ner, said tube cooperating relatively closel
throughout its length with the interior Wall};
of said spindle, said tube being, when dis-
posed in said spindle, relatively rigid im
character but sufficiently flexible to function
satisfactorily when there is slight misalign-
ment of adjacent spindle sections.

2. In a grinding machine for use in wet
grinding, in combination, a hollow grinding
wheel spindle comprising a plurality of lon-

for use In wet

1,662,028

gitudinally aligned hollow spindle sections,
each said spindi;1 section being independently
mounted in rotatable manner and so as to
prevent appreciable longitudinal movement
thereof with respect to the other spindle
sections, operative connections between ad-
jacent spindle sections whereby said sections
may be simultaneously rotated by rotation
of one spindle section, a grinding wheel se-
cured to one of said spindle sections at one
end of said spindle, means for rotating the
spindle section at the other end of said spin-
dle, means for conducting liquid through
said spindle to the end section thereof carry-
ing the grinding wheel, said liquid conduct-
ing means comprising a metal tube rotatable
with said spindle and extending through said
spindle from adjacent one end thereof past
the joints of adjacent spindle sections to ad-
jacent the other end of said spindle, said tube

eing secured at its ends to the respective
spindle sections in liquid-tight manner, said
tube cooperating relatively closely through-
out its length with said spindle sections, said
tube being, when disposed in said spindle,
relatively rigid in character but sufficiently
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flexible fo function satisfactorily when there
is slight misalignment of adjacent spindle .

sections, means to guide liquid into one end
of said hollow spindle, and means adjacent
the opposed end of said spindle to deflect
said liquid radially of the grinding wheel.

3. In a grinding machine, in combination,
a rotatable drum, a rotatably adjustable
sleeve mounted in said drum, an_ integral
spindle housing extending into and secured
to said sleeve and extending outwardly be-

‘yond one end thereof, a grinding wheel spin-
dle extending from within said sleeve

through said spindle housing, said spindle
being arranged to carry a grinding wheel
comprising a plurality of sections progres-
sively decreasing in length toward tEe outer
end of said spindle housing, said spindle
housing being reduced in section toward the
outer‘end thereof adjacent successive spindle
sections disposed in said housing, said spin-
dle sections being independently mount:g in
bearings and connected together for simul-
taneous rotation, and means for rotating
said spindle. . '

4. In a grinding machine for use in wef
grinding, in combination, a rotatable drum,
a rotatably adjustable sleeve mounted in
said drum, an integral spindle housing ex-
tending into and secured to said sleeve and
extending outwardly beyond one end thereof,
a hollow sectional grinding wheel spindle
extending through said sleeve and spindle
housing, said spindle being arranged to carry

_a grinding wheel adjacent the outer end of

said spindle housing, said spindle compris-
ing a plurality of spindle sections progres-
sively decreasing in length toward the outer
end of said spindle housing, said spindle
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sections being independently mounted in
bearings and connected together for simul-
taneous rotation, means for rotating one of
said spindle sections, and means for conduct-
ing liquid through said spindle to the end
section thereof carrying the grinding wheel,

_ said liquid conducting means comprising a
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tube rotatable with said spindle and extend-
ing through said spindle from adjacent one
end thereof past the joints of adjacent spin-
dle sections to adjacent the other end thereof,
said tube being secured at its ends to the
Tespective splndle sections in liquid-tight
manner,, said tube cooperating relatively
closely throughout its length with said spin-
dle sections, sald tube belng, when disposed
in said spindle, relatively rigid in character
but sufficiently flexible to function satisfac-
‘torily when there is slight misalignment of
the spindle sections.

5. In a grinding machine, in combination,

a rotatable drum, a’ rotatably adjustable
sleeve mounted in said drum, an integral
spindle housmg extendmo into and secured

|
to said sleeve and extending outwardly be-
yond one end thereof, a sectional grinding
wheel spindle extendlno through said sleeve
and spindle housing, said spindle being ar-
ranged to carry a
the outer end of said spindle housing, said
spindle comprising a plurality of sections
progressively decreasmg in length toward
the outer end of said spindle housing, said
spindle housing being reduced in section to-
ward the outer end thereof adjacent succes-
sive spindle sections disposed 1n said hous-
ing, each said spindle section being inde-
pendently mounted. in bearings ad]acent the
ends thereof and connected together for
simultaneous rotation, means for rotating
said spindle, said spindle housing carrying

25

inding wheel ad]acent :
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all of the bearings for at least two spindle -

sections and the bearings for one .end of
another spindle section. -

In testimony whereof, I hereunto affix my
signature.

- WILLIAM J. BAUMBERGER.
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