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This invention relates to high speed hole grind-
ers and particularly to the construction of a
motor unit therefor, whereby the device as a
whole may be mounted on a spindle for use on
jig borers, vertical and horizontal milling ma-
chines, boring mills, lathes, surface grinders,
internal grinders, drill presses, shapers, ete., for
precision grinding operations requiring a gyra-
tory action-of the grinding wheel. :

“The main objects of this invention are to pro-
V1de an improved high' speed, motor driven tool
for use in precision hole grinding; to provide such

a device that may be mounted as a self-contained’

umt on g boring and facing head having trans-
verse slideways for lateral or eccentric adjust-
ment of the tool relative to the mounting head
axis; to~ prov1de an 1mproved construction for

such a gnndmg unit; to provide a high speed

grlnding unit: havmg an- improved mounting
a,rrangement for the driven shaft or spxndle to
prov1de an improved motor unit housmg that is
freely rotatable 1ndependent1y of hoth’ the motor
shaft and the mount1n<>r head; and to provide a
motor-driven grmdmg tool unit ‘having an-im-
proved suspension arrangement for independently
rotatable ‘motor and housingcomponents. -

-A “specific embodiment of ‘this inveftion i§

shown in the accompanying drawings i which:

Tigure 1 is a- perspective view showing the
improved grinding tool and illustratmcr its mode
of operatmn i

“Fig. 2'isa vertical sectional view of the same,
showmg its internal construction.

Flg 3'is a sectional view of the same, taken on
line 3—3 of Fig. 2, showing the bearing relation-
ship for independent mounting of the motor shaft
and‘ the rotating portion of the unit housing.

-Fig. 4 is a sectlonal view, taken on line 4—4 of
Fig. 2, showing the air inlet for an air wheel or
rotor to drive the motor shaft.

Flg 5is a sect1ona1 v1ew, taken on 11ne 5——5 of
nozzle

Fig. 6 is a ‘sectional view, taken on 11ne 6——6 of
Fig. 2; showing one face of the air turbme rotor
which drives the motor shaft.

Fig: Tisa fragmentary sectional view, taken
onvhne 1--1"of Fig. 6, showing the shape and
afn’mgeme’nt of the ai_r' turbine rotor blades, and
“ g, 8-is & sectional view, taken on line 8—8
of Fig. 2, showmg the arrangement and location
of: the air outlets -on- the dlscharge s1de of the
turbme rotor.- - : s

In the £ormi shown in the drawmgs the inven-
tion is ‘émbodied in a construction having a com=

5

10

15

20 §

30

35

40

45

50

55

2 .
pressed-air drlven turbine type of motor intended
for -operation under approximately 100 pounds
per square inch air pressure at a speed: of 50,000-
R. P, M. The turbine rotor is mounted directly
on the motor shaft or unit spindle, which pro-
jects from the unit housing at one end, and the
assembly is suitably supported within'the housing:
for operation independently of the housing posi-
tion or motion. The unit as a whole is adapted
to be mounted by one end on a tool head having:
a radially adjustable slide, such as the Chandler
boring and facing head described in United States -
Patent No. 2,356,651, issued August 22, 1944; to
G. A. Chandler, whereby the axis of the unit may
be shifted radially with respect to the axis-of
the tool head to provide a gyrating motion for
the grinding wheel upon rotation of the tool’ head
by any suitable machine.

As shown the tool head comprises:a cylindrlca,l
body ! mounted ax1ally on the flange 2 of a
shank 3 which in turn is adapted to be received
and held in & suitable chuck, not shown, carried
by the rotary spindle of the principal machine:
The body | is provided with suitable dove-tail
slideways 4 on"its outer or lower end and -an
adjustable slide 5 is mounted in ‘the slideways
for transverse or radial movement with respect
to the tool head axis. ' Suitable means, not shown,
are provided within the body 1:to. effect micro=
metric adjustment of the:slide § and to hold the
slide in whatever position: it ‘might be set; and
such means are preferably adapted for operation
while the body ['is in rotation as described in-the
beforementioned Chandler patent: The present
invention, however; does not concern the-form
or operation of the tool head "and: that unit,
therefore, need not be further discussed. -

The present invention is of an independent
motor unit, adapted to be mounted by one-end
on g rotating head, characterized by a-unit-hous-
ing which is independently rotatable relative-to
both the mounting means: and the motor-shaft;

‘and: .in the form shown in the drawings: the

improved. motor unit comprises a pair of annular
end bells or end members 6 and T and a cylin-
drical housing: 8 disposed between: the end bells,
the end bells.or end ¢aps and the housing-assem=
bly enclosing ‘a rotor 9 mounted. fast.on a shaft
10 which:in turn is-journaled W1th1n and extends
axially through the housing 8.

The end bell or cap member 6 at the. upper
end ‘of the motor unit is adapted to be suitably
mounted, rigidly, on the adjustable slide . of the
tool -head-assembly in:such & manner:ithat the
shaft 10 extends axially relative to:the iaxis:-of
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3
the tool head assembly. The end bell 6 is also
provided with a central, axially extending, hub
11 having a central bore (2 adapted to receive
the shaft {0 freely and having an enlarged or
counterbored portion {3 at its upper end within
which an upper bearing {4 for the shaft 10 is
mounted. The bearing {4 is a radial bearing

having inner;and.outer races and s designed so:
that its outér race-has a-close fit within the coun=-

terbore 3. The inner race of the bearing (4 is

10

adapted to be clamped fast to the upper end of*
the shaft (0 by means of a clamping.nut. 1§, -

threaded onto the shaft, the shaft having a re-

duced end portion to receive thebearing:race and:.

to provide a shoulder against which:the:race=315"

seats. The counterbored portion {3 is*also-in-

ternally threaded at its upper: end to-receive an:
externally threaded plug or closure {8, which has

an axially extending collar T adapted:to- sur--—

round the nut 15 and bear against the outer race
of2thié.bearing 14:to hold-it-fixedly .and: firmly in

plagerwithin the end:bell hody: - Thus; it will be:

seen- that; in. the: verfical: position-shown,. the
shaft:i0 is hung from; and-mainly supported by,
thébearing 14.and-the upper cap:member or.end
bell 6;:the bearing: 14-being designed: to carry-a
thrust-load:in:either:axial -direction.:.

“The:housing:8-is: a-hollow: cylindrical .shell, of-

substantially. the  same:diameter as-the:top cap

orsbell member- 6, -having:-a- transverse -partition-
18:igt:its Jower end;. The side wall_of-the housing;
isvoutwardiy_spaced: from and: encloses- the -hub:

If of:flie.end bell 6, and also encloses.a double=

rowZpreloaded - -ball:bearing;. interposed.: between:.

the housing and the:cellar 4, by -means.of which
the. holsing :8: isysupported: from: the -upper: end

bell-as:> will be: hereafter::described: - The: lower:
end bell 7 is a cup-shaped: member -adapted. to:

he:fittedon: and secured: fo the: partition: 18, .at

theédowerrend of-the-housing 8, as: by, means-of-

serews-19%; and is-provided-with.a central open-
ing~20,through ‘'which the shaft {8:.extends.

Yearing 22:on: which:the:lower end-of:the:shaft
105is:mounted; the: outer race: of the-bearing:22
being:clamped in place by’a cap plate:23:suit-
ably: fastened-tothe lower end of:the: end:bell.T:
as:by: serews 24; The:inner:race;of:the bearing
22isclampedagainst:'a: shoulder::24;: suitably:
formed on the shaft (0:by a cylindrical-enlarge-
mernt thereof, byrmeans of:the: mounting:nut: 25

of“theschuck-26; the nut: 25 being ‘threaded:onto-

the lower:end of the:shaft! lﬂqn ar-cordance‘ with
the usual:practice.:.

‘Itwill'now bé seen:that-the end bell:T-and the
housing’ 8. are so- assembled -as fo.act as: a.unib
and'that: the: bearing-:22' serves-mainly:to: keep
thershaft™ {0 centered -on the: housingraxis; al-
though it- will be understood that: some: vertical
or-axial-support-for-the-shaft 10 isialso:provided
by-the “bearing 22 which: 1s adapted to carry.a
thrust load;” - i

"As béfore: mentioned;” the:! housing:-and-.the
}_dWé'zf‘ end bell:assembly of thé motor:unit:is sup-
ported -from the upper end bell 6 by:a: preloaded
bearing which-is' disposed between:the-housing
side wall and the cenftral hub-f | of-the-upper
end:bell: © This bearing-is:of a:type adapted: to
support: an axial. thrust:load:in-either-direction
as:wellias a:radial.logd; and:in the-form shown;
the bedringrissa::double:row balliconstruetion-in
whichsthe innier-race 2T is mounted:fast;on: the

As
showngz the: intertor -of: the-cup-shaped. end: bell
Tiis- formed.: toi'enclose:the: rotor: 9-by which the
shaft-40 !is=driven. The:‘lower:end of-the.-end
bell T-isicounterbored:as:at 21 to receive.a-radial
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x and are‘open ab their ends only.

» These. openings.33;

4 .
outside of the hub Il by a tight drive fit, and
wherein the outer race 28 is mounted in the hous-
ing 8 by a drive fit within its axially extending
side walls. This bearing is preloaded to ohviate
axial or radial play beyond that only necessary

to permit rotation, and, since the inner race is

fast to the end bell and the outer race is fast to
the housing sheéll;:it willibe:seen that the hous-
ing-shell ‘and-lower end-bell assembly-is hung
from and carried by the upper end bell 6 in
such a manner that the motor unit as a whole is
held.together as an operable assembly while, at
the same time, the housing and lower end bell
assembly:is:independently rotatable with respect

-tosthe: upper -endibell or cap member 6, which
.in-turn-is mounted: fast to the slide § and the -

tool. head..

With this manner of assembly, the motor shaft
{0:is.rigidly supported in exact axial alignment
with the motor unit ang is, therefore, freely ro-
tatable .at: extremely.; high: speed . for. precision
operation: without any  possibility- of. whip or
lateral.throw. Also, the housing :assembly. .is
freely- rotatable: independently. of the.shaft, 10,
and: the: upper. end;bell 6.by: wh1ch the - motor
unit-is:mounted. to the:tool head; and regardless
of any-movement that.might-be 1mparted £o.the:
motor unit by the. tool head. .

Also, since the housing. assembly and the motor,
shaft are both hung from and. directly.supported
by-the- upper.end. bell, the-axial relation.of the
shaft and housing is-maintained eonstant.so. that
the:clearance.or spacing. of.the.rotor. 9, between
the- partition: (8.and, the. -lower - end. bell .7, will
remain fixed-under.all.conditions of operat_xon

In:the: form.shown, the:refor: ¢ by which the
shaft.10:is.driven, is in.the form of an air . turbine
wheel having a.:plurality of..peripheral blades
or-buckets against. which a .stream:of. air, under
pressure; may.be directed.to impart.rotation... Air
is supplied. to. the. motor. housing .by means_of
a.-flexible.connection. 28 which .extends: into. the
side-wall of the-housing in the. plane -of- the par-
tition- portion. (8;-the.- .connection. 29..communi-
cating with-a. passage 30.in the, partxtxon 18-which
leads to:a-downwardly-inclined passage:3i. dis-
bosed : fangentially with:respect. to .the face: of
the_rofor -9.and.which. terminates-at. the -bottom
face of:the: partition - 18.just. above-the annular

‘row-of. blades. or: buckets. 32.

The passage 31, which serves as the air nozzle
for- delivery. of.-the. air..under: pressure -to.-the
turbine wheel 8,.s:inclined. relative.to thg‘»uppgrz
face-of the turbine:wheel at:an. angle of. substan-
tially.;21. degrees; and. since.the turbine:wheel.8
is.-independently -rotatable-with. respect ta . the
housing:of the:motor-unit, the-air-driven against
the-turbine:blades:32: will:cause-the turbine wheel
9.to-rotate: and.therehy-drive the-shait.40. . - -

As shown in Figs.:6-and 7, the:furbine-blades:
or :huckets: .32 . are.; formed. around. the outer
margin.of the rotor 9:and-just.inside.the periphs
ery thereof, so that the air passages between-the
blades: 32 -extend from-face to.face.of-the;rotor 8
- Thus;. the air
passing through or between:the- turbine- blades
cannot -escape. in-a- sidewise or .radial :direetion
and the. maximum- pressure: effect: of; the: ain
stream is-exerted ~against. the, turbine- blades.
through the rotor or.turbine
9;-are.formed:in; the-rator -by dnlhng angularly
shaced holesintg:each: face-of-the-rotor at; an
angle of 45 degrees with respect fo-the: face_ of
the-retor-and-Irom opposite:directions:so that
the-passage: 38 will:besVr-shaped: with.an.included
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angle of 90 degrees. . In order to provide a smooth
rounded contour, for the wall of the passage, on
the side thereof toward the dlrectlon of rotation
of the rotor 9, the passages are dnlled by means
of 3 drill' having a rounded t1p as 1ndlcated by
the dotted outline in Fig. 7.

In order to provide for the final dlscharge of
the air which drives the turbine wheel 9, the end
‘bell 'T.is provided with an annular channel 34
located directly below:the annular Tow of tur-
bine blades, and a plurality of dlscharge open=
ings 35 are provided to lead from: the- -channel 34
to the outer. surface of the end: bell T ‘Theseé
dlscharge passages 35 are preferably located-op-
posite the incoming air nozzle 31; and several are
provided to assure rapid: discharge of the ‘air
after it has passed through the: turbme blades
and to obviate the bulldmg up of back pressme
in-the ¢hannel 34.

- ‘'With this type of power" Wheel or . rotor for
driving the motor. unit-shaft 40, the speed of the
shaft will be governed to a large extent by the
pressure of the air that is used to drive the rofor:

In practice, the motor unit is designed to operate ‘

at a speed of fifty thousand revolutions per min-
ute under an actuating air pressure of ‘100 Jpounds
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per square inch; a particular advantage of this .

form of drive being that such a high speed can
be obtained with a relatively small air consump-
tion.

In the operatlon of the dev1ce, for the precision
grinding of holes or any other internal grinid-
ing operation, the tool head shank 3 is mounted
in the chuck of a suitable rotating machine, such
as & drill press, milling machine, boring machine
or the like, wherehy the grinding unit as a whole
may be rotated.-~The grinding stone 36 is. then
mounted by -its- shank -in-the chuck 26 of the
grinding unit; and the slide 5 is laterally off-set
with respect to-the axis of the shank 3- so that
the ‘periphery of the grinding stone Wﬂl -engage
the rough surface of the hole or opening-that is
to be: ground which opening'is, of course, . cen-
tered on the axis of the shank 3. The tool head
is then rofated: so: that:the . grinding unit is

gyrated in a circle that will cause the periphery °

of the grinding stone to follow the penphery of
the opening that is to be ground.

-This, is illustrated in Fig. 1 wherein the shde
5 is shown off-set laterally and wherein the ar-
rows 37 indicate the gyratory path of the grind-
ing stone for finishing the surface of an opening
38. Thus, while the grinding unit is gyrating so
that the stone will follow the path indicated by
the arrows 37, the grinding stone 38 will be
driven at high speed by the motor unit shaft
19. As the grinding stone works on the surface
of the opening 38, the slide 5 is gradually shifted
in an outward direction to increase the size of the
circle of gyration until the opening being ground
has reached the precise diameter desired.

The mechanism for shifting the slide 5 while
the tool head is rotating, is not herein shown or
described since it forms no part of the present
invention and a suitable mechanism for this
purpose is disclosed in  the before-mentioned
United States Patent No. 2,356,651,

The housing assembly, comprising the body 8
and the lower end bell 7, provides the reaction
means for the force which drives the rotor 9 and,
since the housing is free to rotate relative to the
primary supporting end bell §, it is necessary to
provide some suitable restraining means to pre-
vent free turning of the housing, in the direction
opposite the rotation of the rotor, which at the
same time will permit the housing to gyrate
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dbout the ax.ls of the shank 3. Such a restr: mf
1ng means may comprise a" cable, or ‘2 colled
spring, connected between the unit housmg and
a fixed or stationary element, such’ as an upnght
portion of the machine on which the unit is

_mounted, or a rigid arm extending from the unit

housing into slidable lateral engagement with a
fixed abutment.  As shown in Fig. 1 a rigid arm
39, projecting laterally from the housing 8, is in-
dicated as a restraining means and it will be
understood that this arm slidably engages a fixed
portion of the machine, which carries and drives
the tool. head {, so-as to prevent rotatlon of the
housmg 8..

“The main advantaces of this 1nvention reside
in the simple and sturdy arrangement of the
grinding unit components whereby the housing
and the driven motor shaft-are each rotatably
and independently mounted on an end bell which
in turn, serves as a primary support for the unit
assembly, and in the bearing arrangement where-
by the housing body of the unit is freely rotat-
able with respect to the ‘end bell and the motor
shaft and is yet supported and held in ax1a11y
fixed relation with those parts.

Other advantages of this invention are to be
found in the construction wherein the umt hous-
ing may be held against rotation; even though
the unit is mounted on a rotating fixture, thus
permmitting a direct, non-rotating, connectlon
between the housing and the power source; and
in the construction of the unit assembly whereby
a very high speed may be imparted to the mofor
shaft without any danger of whip or misalign-
ment occurring in the grinding wheel spindle.

Although bub one specific embodiment of thls
invention. is herein shown and described, it will
be understood that details of the:construction
shown may be altered or cmitted without depart-
ing from the spirit of this mvention as. deﬁned
in the following claims.

We claim: )

~1..A motor unit comprising an end bell adapted
to be mounted rigidly on” a rotatable support
and having an integral outwardly prOJectmg
hub, said hub having a cenfral.axial bore; a
hollow housing surrounding said. hub, and ha mg
its side wall spaced radially, therefrom; a b :
havmg radially. spaced inner and. outer races,

y and capable of carrying an. axial thrust in both

axial directions, interposed between said hub and
the side wall of said housing, thé inner race of
said bearing being mounted fast on said hub and
the outer race being mounted fast on the wall
of said housing and comprising the sole support
therefor; a cap member mounted fast on the end
of said housing axially opposite said end bell, said
cap member having a central opening there-
through; a shaft extending axially through said
housing and cap member and having one end

-journaled in the bore of said hub; a rotor en-

closed by said housing and cap member and fast
on said shaft; bearing means in said cap member
spaced axially outward from said rotor for hold-
ing said shaft in axial alignment with the cen-
tral bore of said hub, and means within said
motor unit for driving said rotor, said housing
being independently rotatable relative to said
end bell and said shaft.

2. A motor unit comprising an end bell adapted
to-be mounted rigidly on a rotating support and
having an integral outwardly projecting hub,
said hub having a central axial bore; a hollow
housing surrounding said hub and having its
side wall spaced radially therefrom; a bearing
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haying

‘end of sald housmg ax1ally opp051te sald end
bell sa,ld cap member ha,vmg a central opemng
h

- radially. spaced mner and -outer: .races,

hous g and mto the bore of- sald hub a radlal
bearmg mounted w1th1n ‘said hub to journal said
shaft radially, said bearing being secured to-said
shaft to. support the. same against axial motion;

means, enclosed by. sald housing and cap. member .

fo dnvmg ‘said shaft; and radial bearmg means
rounted. in the opening of said cap member oyt
wa y-of the last-named means for holding: said
sha,ft in r1<r1d ax1a1 ahgnment with the central
of said hub.
3. A .motor. umt .comprising an - end member
“ad pted to be. mounted rigidly on a rotatmg sup=
port and havmg an-integral ax1a,11y extending

central hub said hub. havmg a central axial .

passage, a rotatable shaft: extendmg axially. from
sazdhub and havmg one. end Journaled in a
ra.dla, - beanng mounted. in. said. passage and
adapted to. carry .axial thrust for holdmg said
shaft. agamst axial movement, a cup-like housmg
having, 1ts side. wall, spaced from and surround-
ing said hub, a pre-loaded, radial bearing. dis-
posed. between said. hub. and said housing, and
ha.vmg Ainner and outer races. respectwely secured
to said, hub and. the housing side wall, said bear-
ing. -bemg adapted to carry an a,xxal thrust load

whlle pernuttmg the same to Totate mdepend-
ently of said.hub, bearmg means mounted in said
housmg beyond the end of said hub for holding
said shaft aligned with the axis of said hub and
means enclosed within said housmg for drwmg
said shait,

4-In a dev1ce of the class described, the com~
i1 on w1th a_rotatable tool head of a motor
umt extendmg ax1a11y therefrom and having an
end member ngldly secured to said head for
rotation therewzth a housmg mounted on and
extending ax1ally from said end member, said
.housmg being Journaled on said end member for

axis thereof a shaft extendmg amally through
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ment therewnth a turbme rotor Wit hin said
housmg and fixed: on_ said shaft, and: a. condmt
connection on said housing and, leadmg to: sald
rotor for a source of. fluid pressure supply

5 Ina devme of -the.class desonbed a. motor
unit, comprlsmg an_ end member “having. means
for mounting the same, rigid on a.rofatable tool
head and having an. axially. extendmg hollow:
hub, a cylmdncal housing. having .a_side wall
extendmg axially from said end- member and sur=
rounding said hub, said housing being rotafably
mounted _on the outer side of said hub .on_pres
loaded. ra,dlal bearmg means adapted to carry an
axial -thrust. load, said. _bearing means having
inner and outer races - respectwely secured on
said hub and on the inside of -said_housing side
wall, & rotatable shaft extending ax1a,11y through
said- housing and inte said hub, bearing means
mounted in said hub and in said housmg respec-
w1th1n sa1d housmg for dnvmg sa1d shaft and
means on sald -housing  leading- to- sald moto):
means for -fixed, connection: with_a, source .of,
power therefor..
ARNE NILSEN..
KARL, ROHRER
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