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. 1 :

This invention relates to grinding machines
and the like and more particularly to the gaug-
ing of the size of the part which is machined.

One object of the invention is the provision
of a grinding machine having an air gauging de-
vice which cooperates with the grinding surface
of the grinding wheel and which is so.arranged
as to permit compensation for grinding wheel
wear in controlling the size of the part operated
upon. .

Another object is the provision of a grinding
machine of the character mentioned having an
adjustable slide forming the support of a coop-
erating wheel, the nozzle of the air gauge being
_carried on the slide for movement therewith.

Another object is the provision of a centerless
grinding machine having a grinding wheel and
.a slide supported regulating wheel, the slide also
supporting the holder on which the gauging noz-

zle is located so that the end of the nozzle coop~ £

.erates with the grinding wheel, with means
automatically controlled by the air gauging sys-
tem to maintain a definite predetermined size
of the part ground.

Another object resides in the method of con-

trolling a grinding machine in which the work is
ground between the grinding wheel and a reg-
. ulating wheel and in which an air gauging nozzle
‘cooperating with the surface ‘of the grinding
wheel is employed in gaugmg the size of the
‘part.

Other objects and advantdages of the inven-
tion will be apparent from the following descrip-
tion, the appended claims and the accompany-
ing drawing, in which, . ,

Fig. 1 is a side elevation of the upper portion of
.2 grinding machine embodying the present in-
‘vention;

Fig. 2 is an enlarged side elevation of a portmn
of the grinding machine; and -

Fig. 3 is a diagrammatic illustration of the
electrlcal circuits. ‘

Referring more partmularly to the drawing in
which the same reference numerals are applied
-to like parts in the different views, the inven-
‘tion as herein ustrated is incorporated in a
‘grinding machine or the like in which the work
-is ground or finished by a grinding or surfacing
.wheel 10 arranged for rotation on the machine
frame 1l and operated by a-suitable motor of
‘any conventional character. In the particular
form of machine.shown for purposes of illus-
tration, the work 12 is ground. or finished in a
-centerless grinder ‘between the grinding wheel
and a regulating-wheel i3 which is rotatably
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: 2 .
mounted on 2 slide or .carriage (4 slidable on
guideways 15 towards and from the grinding
wheel. The wheels may be of cylindrical form

.or, if the work is to be finished with a curved or

angular surface or surfaces as in the case of
thread grinding, the wheels are surfaced or
formed to produce the desired shape on the.part
ground. The regulating wheel may be - driven
in any conventional manner employed in center-
less grinders.

The slide {4 is adJustable by means of an a.d-
justing screw 1§ operated by an electric ,motor
{7 contained in the motor housing {8 so that
the position of the regulating wheel i3 with
respect to the grinding wheel may be such as
to give the desired diameter to the part being

-ground. It will be understood that reference

herein to the term “grinding” also includes lap-
ping or other abrasive finishing. _

As is usual in- centerless grinders; the work is
supported so it is substantially in the plane con-
taining the axis of the grinding and regulating
wheels. This support 19, as shown, is carried di-
rectly on the frame il. The support has an
opening 20 the purpose of which will be later
referred to. ) )

A holder 22 is adjustably mounted on the
slide 14 for movement towards and from the
grinding wheel. = This holder, as shown, has an
elongated passage 23 and is held firmly in place

by a screw 24 extending  down through .this

passage and threaded in the slide 14. When
the screw 24 is loosened, the holder 22 can be .
shifted in guides provided in the holder base 27
by rotating the adjusting: screw 25 which is
threaded in a post 26 projecting upwardly from
the base 21. The base is secured firmly to the
slide 14 by one or more hold down screws. 28.
The holder 22 extends upwardly and through
the opening 20 .of the  work support and at its
upper end it carries a body member 31 below
the mid point of the work being ground. This
body member has an axially extending pas-
Sage 32 terminating in an outlet nozzle 33 fac-

ing the grinding wheel-but spaced . therefrom.

The body member 31 may be of substantially
cylindrical form, clamped "adjustably on the

‘holder 22 by means of the split clamp ring 34

so that the position of the body member. on the
holder can be adjusted towards and from the
axis of the grinding wheel. ‘The passage 32 is
supplied- with air under pressure from: & con-
duit 36. Air is supplied. under pressure: rom
the factory air line, for example, to a pri

regulator 37 through an adjustable flow restrict-
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ing valve 38 to a conduit 39 leading to a con-
nection block 40 from which the conduit 36 ex-
tends. The connection block 40 supports and is
connected to a pressure responsive device which
preferably, as herein shown, includes a pressure
responsive element 42 operating an arm 43,
controlling electric switches 44 and 45. The
pressure responsive switches comprised of the
elements just mentichéd may bé of thé chat-
acter disélosed in Aller Patent 2,448,653, grafited
September 7, 1948. The switch blade 46 of the
pressure controlled switch is connected to a re-
lay b. The switch blade 47 is connected to @
relay ¢. Switch blades 48, 49 are connected fo-
gether and to one side of the secondary 50 of a
transformer, the other side of the Secoiidaty be-
ing connected through wires 51 and 52 respec-
tively to the relays ¢ and b through manually
operable normally closed switches 53 and 54.

Ordinarily under operating conditions and when :

the Hozzls is properly positioried froti the grind-
ing Wwheel; the lilnited space YetWween the 1ro-
tatihg grindihyg wheel aiid the end of the nozzle
33 fustricts the flow of &ir under pressure to
such gn extent as to produce a préssure on the
Pressure rEsponsive €lement 42 so that the arm
43 is éentrally positioned as shown in Fig. 3 and
the cirtdits afe elesed thieugh relays a -and b.
Wheh theké circuits are closed the switches a’
and b’ respectively are opened. These switches
4’ ahd b’ €ontrol operation of the motor iT in
PH8 diréction or the other according to whieh
-oné is closed.

Thé relays o and b dlso tontfol switches a4’
4nd B’ fespeetively £0 as to close these switches
When ‘thé relays ate deenerkizéd. Eash of the
dWitehiés ¢ and B’ is ¢onnected in series with
4 $igng) laip of ifidicator Such as the lamps §6
and 57 respectively.

©soling Tliguid i§ supplied thtough 8 pipe 58
te & supply tark 59 from which the liguid flows
dewh ‘ofito the woik 12 duiring operdation. Thus
flield i85 contitiuous fAlin 6f liguid on the grind-
iflg Whedl bBelow the work location but there is
fo lafge colledtion of the liguid below ‘the work-
piece. The nozzle itself is preferably .2 round
OPenintg KAViHg o dikmeter of thé order of sev-
gFal Huridiedths of an inch. The facé of the
tibgzle faeing towairds thie grinding wheel is pref-
drably surfaced by the grinding wheel itself be-
fore &8t up. AftEr being sét up properly oh
the inacRine, By adjusting the gerew 25 or by
moVing the fogzle Body 34 .in its tliimp 34, there
38 & small spagifiz between the grinding wheel

and the ehd faee of ‘tHe mozzle 6f the order of

& thousandtlis of an ineh. Tt has been found
‘that with a 60 grit wheel, with & space of one-
thélisandth of ah ineh between the noiile and
the whetl and using twenty=five pounds pres-
suré 4t the outlet of thé pressure regulator,
‘and with 2 072’/ round jet hole, with the grind-
ing wheel rotating about 3000 R. P. M., there is
8 very ‘accurate cohtrol of -the size of the work=
pieces produced. When the -grinding wheel
weafs slightly in operation, the space between
the grinding wheel -and the end -of the nozzle
increases o as to permit the air leakage of .air
from the nozzle to increase and thus shghtly
lower the pressure to which the element 42 is
subjected. This opens the conbact between the
switch blades 49 and 47, opening relay ¢ te close
motor control -switch ¢’ -while sxmultaneously
closing signal light . contrel switch -a’’ Thus
the operator ig aware that the tolerance limits
-of ‘the grinding opéfation .are being ‘exceéeded,
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and where there is no automatic control of the
motor {1, he can manually control the motor,
although it is preferred to have this control
automatic, as by having the relay ¢ control the
switch @’ directly as shown. The motor thus
turns the screw 18 and moves the regulating
wheel closer to the grinding wheel until the
switch blades 47 and 48 contact again, where~
ipon this méverment stops. THe fiotmial oper-
gtich conditions are thiss attematically restored
and grinding wheel wear automatically compen-
sated. As the regulating wheel is moved to~
wards the grinding wheel, the nozzle itself is of
coursd moved to an equal degree thus effec-
tively maintaining an accurate control of the
size of the pétts produced.

In set up; the nozzle is positioned by trial or
experience at what is thought to be the proper
position from the grinding wheel and with the
coolant liquid flowing on the work or part be-
ing ground. A part is grotthd and theén ékam-
ined for sige aftér being removed from the ifia-
chineg fo see that the et up is proper. 1T the
size of the part prodiiced i8 nbt précisely cdor-
réct;, the positidnn 8t the hezzlé is properly ad-
justed so the next pigse produced will be éréﬂ;’ﬁd
to the precise §izé Fequited, within the spécified
tolerance lifmits. Sinee the end o6f the nozile
is alwshys spaced from the erifiding ‘wheel at
least after initial setup, there will be no sub-
staiitinl wehl 60 the Bhd 6f the Hiozzleé and since
the §peed of the grindiing whesl ig relatively con-
Stant in operation and the workpiece itself
Reeps the thickness of the film of coolantt lig-
uid oh the giindig wheel just below thé work
locatibh Substantially eonstaiit, thé gausing
prodiced by the mozzlé 8 exbremely aceutabe
and adequate 6 maintain 4 past size to within
;me ten<thousandth of an inch or eveh ich
&35,

The samie gaugihg ‘iridieation will not obtain
if the grinding wheel is statmnary of if thefe
is no -coolant liguid Howing as obtains durmg
normal operatmn because the s’béed of the grind-
ifig wheel has stiite efféct on the reading. "The
preséfice of the fil of coolant lguid oii the
grinding wheel also has some efféet oni ths Fate
&t Whith aif will distharge from the ehd of the
fozzle, so the Setup is made uhder formal 6p-
érating or rufinihe venditions. Ths exast po-
sitioning of the nozzle is determined, as previ-
oUsly mentiohed, by aceurately gauging the fin-
ished part after a t#ial rin followihg prelim-
mary sétud, to déterimiing any size deviatioh in
the setup arrangement so that 1t ¢an be ceof-
Tectid by adJustmiént of the nozzie position.

‘While the forfi of apparatus and the thethed
of operation herein described constitite pre-
Terred emibodiments of “the hvention, it 1s to
be understood that the ‘invéntion is ot iifnit-
¢d thereto, and that changes may be Made there-
in withoup departing from the seope of ‘the -
vention whith is defined ih ‘the appended tlains.

What is clanned is:

1. A grinding ma’chxhe compnsmg 4 -g¥ihding
wheel, & Support for said grmdmg ‘wheel, anh
ad;ustable slide ‘on said suppott, Wwork Bositlon-
ing ‘means carfied by said sllde for arrahging
the Work ‘to -contact ‘the -grinding wheel at &
srindiiE Zene, & body cariied By said slide, &aid
body having a basige terminating in a Huid
leakage ofifice facihip The -bperating surfate of
the grinding wheéel in such tlosely spaced yela-
tioh theréwith that the grihding Wheel ‘direetly
controls the flow 6f air through the orifice,
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“means for supplying air under regulated pressure
- to -said body passage, said means for supplying
“air including a connection means to said.body
"passage, and means operatively connected to
said connection means and responsive to air
flow through said orifice for indicating an in-
-crease in the space between the orifice and the
grinding wheel beyond a predetermined limit.

2. A grinding machine comprising a grinding
wheel, a regulating wheel, a support for said
grinding wheel, a slide mounted on said support
and mounting said regulating wheel for move-
ment towards the grinding wheel, a body car-
ried by said slide, said body having a passage
terminating in a fluid leakage orifice facing the
operating surface of the grinding wheel in such
closely spaced relation therewith that the grind-
ing wheel directly- controls the fiow of air
-through the orifice, means for supplying fluid
-under regulated pressure, a connection includ-
ing a flow restricting means between the body
. passage and the fluid supplying means, a pres-
sure responsive switch connected between the
orifice and the flow restricting means, and in-
dicating means controlled by said switch.

3. A grinding machine comprising a grinding
wheel, a regulating wheel, a support for said
grinding wheel, a slide mounted on said support
and mounting said regulating wheel for move-
ment towards the grinding wheel, & body carried
by said slide, said body having a passage termi-
nating ina fluid leakage orifice facing the op-
erating surface of the grinding wheel in such
closely spaced relation therewith that the grind-
ing wheel directly controls the flow of air through
the orifice and at a point below the normal zone
of engagement of the grinding wheel with the
work, means for supplying fluid under regulated
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pressure, a connection including a flow restrict- -

ing means between the body passage and the

fluid supplying means, a . pressure responsive
switch connected between the orifice and the flow
-restricting means, and means conftrolled by said
switch for automatically shifting said slide to
maintain a predetermined spacing between the
orifice and the grinding wheel.

4. In a grinding machine having a grinding
wheel, a second wheel spaced from the grinding
wheel and adapted for cooperation therewith to
engage opposite sides of the work to be ground,
a slide supporting said second wheel, gauging
means comprising a body having a passage termi-
nating in an orifice, means for supporting said
body on said slide so that the orifice faces the
operating surface of the grinding wheel in such
closely spaced relation therewith that the grind-
ing wheel directly controls the flow of air through
the orifice at a point below the level of the grind-
ing wheel axis, means for supplying fluid under
regulated pressure, a connection bhetween
said fluid supplying means and the body pas-
sage, pressure responsive means connected to
the body passage and means controlled by said
pressure responsive means for indicating a change
in the space between the orifice and the grinding
wheel.

5. In a grinding machine having a grinding
wheel, a second wheel spaced from the grinding
wheel and adapted for cooperation therewith
to engage opposite sides of the work to be ground,
a slide supporting said second wheel, gauging
means comprising a body having a passage term-
inating in an orifice, means for supporting said
body on said slide so that the orifice faces the op-
erating surface of the grinding wheel in such

40

60

65

76

6

‘closelyspaced relation therewith that the grind-

ing'wheel directly controls the flow of air through
the orifice at a point below the level of: the
grinding wheel axis, means. for supplying - fluid
under regulated pressure, a connection between
said fluid supplying means and the body passage,
pressure responsive means connected to the body
passage, means for supplying cooling liguid to the
grinding wheel above the work location, and

means controlled by said- pressure responsive

means for automatically controlling the. posi-

‘tion ‘of said second wheel with respect to the

grinding wheel. :
6. A grinding machine comprising a grinding
wheel, a support for said grinding wheel, an ad-

‘justable slide on said support, work: positioning

means on said slide-for supporting a workpiece
for contact with the grinding wheel at a grind-

‘ing zone, an air gauging means on said slide,

Said-air gauging means including a body having
a passage terminating in a.fluid leakage orifice
facing' the operating surface of the grinding
wheel in such closely spaced relation therewith
that the flow of air through the orifice is direct-
ly controlled .by the grinding surface of. the
grinding wheel.:

7. The method of controlling a grinding ma-
chine having a grinding wheel and an adjustable
cooperating wheel which. controls. the parts po-
sition, which method comprises gauging the
wear- of the grinding wheel by controlling
air flow directly by the surface of the grinding
wheel when the grinding wheel is operating at a
normal grinding speed, ‘and adjusting the posi-
tion of the cooperating wheel in accordance with
the results of the gauging operation to maintain
a required size of the parts ground.

8. The method of controlling a grinding ma-
chine having a grinding wheel and a cooperating
regulating wheel which comprises supplying cool-
ant liquid onto the: work, and at a point below
the work gauging the wear of the grinding wheel

by controlling air flow directly by the wet sur-

face ‘of the grinding wheel when the grinding
wheel is operating at a ‘normal grinding speed
and confrolling the position of the regulating
wheel in accordance with the results of the gaug-
ing operation. ’

9. The method of controlling a grinding ma-
chine having a grinding wheel and a work posi-
tioning means which comprises supplying coolant
liquid onto the work from above, and at a point
below the work gauging the wear of the grinding
wheel by controlling the flow of air from an air
orifice directly by the wet surface of the grinding
wheel when the grinding wheel is operating at
a normal grinding speed and concurrently and
equally positioning the work positioning means
and the air orifice in accordance with the results
of the gauging operation.

10. A grinding machine comprising a grinding
wheel, a support for said grinding wheel, a slide
on said support, work positioning means on said
slide for supporting a workpiece for contact with
the grinding wheel at a grinding zone, means for
supplying coolant liquid onto the workpiece from
above, and an air gauging means on said slide,
said air gauging means including a body having
2 passage terminating in a fluid leakage orifice
facing the operating surface of the grinding
wheel below the grinding zone in such closely
spaced relation therewith that the flow of air to
the orifice is directly controlled by the wet sur-
face of the grinding wheel.

11. A grinding machine comprising a grinding
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wheel having a peripheral igrinding surface, &
Sirst support for said grinding 'wheel, & :secand
:support, work positioning means on said second
support for -supperting a workpiece for -confact
with the grinding wheel:af a .grinding zone, means
for ssupplying .a coolant diguid -onto said work~
piece from above, an air .gauging means -on -said
:second .support, said-air gauging means including
@ body having a passage ferminating in a fuid
leakage -orifice facing the -gperdting surface of
the igrinding wheel 4in :such closely spated :rela-
tionshiptherewith thatthe flow of the:air through
the orifice is directly controlled by -the -grind-
ing surface-of thegrinding wheel, the fluid leak-
.age -orifice facing the grinding wheel -below the
grinding zone, and means for relatively adjust-
<ing the first -and -second -supports in accordance
with the results of the gauging-operation.

12, 4 grinding ‘machine:comprising a .grinding
-wheel, a support for said grinding wheel, -anad-
justable slide on said support, ‘work positioning
‘means on £3id slide for supporting a workpiece
for:contact with the grinding -wheel-at:.a-grimding
Zene, -an air gauging 'means on.said slide, means

‘supporting .said air:gauging means in adjustably !

fixed positions on said slide, said =air :gauging
.means ‘including 4 body having :a ;passage ter-
‘minating in a fluid leakage orifice facing *the
-operating -surface:of :the grinding wheel in:such

-closely :spaced.relation -therewith that the flow of &

.air through the orifice ds directly controlled by
‘the grinding surface .of the grinding wheel.

13. ‘A -grinding ‘machine comprising :a ‘grinding
wheel, a support for.said:-grinding wheel, :a slide
-gn said suppozrt, work (positiening :means carried
by 'said -slide . for -arranging :the work -to -contact
the grinding wheel at:a grinding zone, sgid slide
being adjustable for -movement towards :the
.grinding wheel, a body carried by-said slifie, said
Jbody having a2 passage terminating dn :a fluid
Jeakage :orifice -facing the operating surface of
‘the .grinding -wheel in such <closely :spaced rrela-
tion :therewith that the grinding wheel:directly
-controls the flow:of air.through the orifice,means
for supplying fluid under regulated pressure, a

8

cennection including =2 flow restricting .means
between the body passage and $he flatid supplying
means, 4 pressure responsive switch .connected
between the orifice and the flow restricting
means, and an indicating means wontrolled hy
-szid switch,

‘14, A erinding machine comnrising a grinding
wheel, a support for ;said grinding wheel, a slide

. on sEid support, work positioning means earried
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by isaid slide for arranging the work to contact
the grinding wheel 2t 5 grinding :zone, said :slide
‘being adjustable for movement towardithe grind-
ing wheel, a body carried by satd slide, said body
shaving a passage terminating in a2 fuid leakage
sovifice facing the wperating surface of the grind-
ing wheel dn such «closely 'spaced relation there-
+with that “the grinding wheel :directly controls
ithe fow of :air $hraugh the orifice, and.at & point
‘below the mormal zone of :engagement :of the
-grinding -wheel with the work, means for supply-
ing fluil under regulated ;pressure, the connec-
tion including a floew restricting :means hetween
the body passage and the fluid supplying means,
-a .pressure responsive ;switch .connected between
the orifice :and the flow restricting means, :and
means -controlled by said switch for -autemati-
-cally .shifting 'said slide to maintain -a predeter-

‘mined spacing between the:orifice :and the grind-

‘ing ‘wheel.
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