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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 gauging the size of the 
part. 
Other objects and advantages 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 
a grinding machine embodying the present in 
vention; 

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

Fig. 3 is a diagrammatic illustration of the 
electrical circuits. . . 

Referring more particularly to the drawing in 
which the same reference numerals are applied 
to like parts in the different views, the inven 
tion as herein illustrated is incorporated in a 
grinding machine or the like in which the Work 
is ground or finished by a grinding or surfacing 
wheel to arranged for rotation on the machine 
frame 1 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 

t 

2) 

2 5 

30 

35 

40 

45 

55 

2 
mounted on a slide or carriage. 4 slidable on 
guideways 5 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 ad 

justing screw 6 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 9, as shown, is carried di 
rectly on the frame . The support has an 
opening 20 the purpose of which will be later 
referred to. 
A holder 22 is adjustably mounted on the 

slide 4 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 4. 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 27. The base is secured firmly to the 
slide 4 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 3 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 3 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 a con 
duit 36. Air is supplied. under pressure from 
the factory air line, for example, to a pressure 
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. A3, 
controlling electric Switches 44 and 45. The 
pressure responsive switches comprised of the 
elements just mentioned may be of the chair 
acter disclosed in Aller Patent 2,448,653, granted 
September 7, 1948. The switch blade 46 of the 
pressure controlled SWitch is connected to a re 
lay b. The switch blade 4 is connected to a 
relay a. Switch blades 48, 49 are connected to 
gether and to one side of the secondary 50 of a 
transformer, the other side of the secondairy be 
ing connected through wires 5 and 52 respec 
tively to the relays at and b through manually 
operable normally closed switches 53 and 54. 
Ordinarily under operating conditions and when 
the fiózzle is properly positioned froii the grind 
iiig, wheel, the limited space between the ro 
tating grinding wheel and the end of the nozzle 
33 iteSticts the flow of air under pressure to 
Suchi an extent as to produce a pressure on the 
pressuire responsive element 42 so that the arm 
A3 is centrally positioned as shown in Fig. 3 and 
the circtiits are closed thirough relays a and b. 
When thiese circuits are closed the switches a 
and b' respectively are opened. These switches 
d' and 5' eoritirol operation df the motor 7 in 
6é irection or the other according to which 
oné is closed. 
The relays a and b also control switches a 

and b’ respectively so as to close these switches 
Whien the relays are deemergized. Each of the 
switchiés d' and b' is connected in series with 
a signal laiip of indicator Such as the lanps 56 
and 57 respectively. 

Cóoling liquid is supplied through a pipe 58 
to a supply tank 59 from which the liquid flows 
dow of to the work 2 during operation. Thuis 
there is a continuous filia of liquid on the grind 
ing wheel below the work location but there is 
he large collection of the liquid below the work 
piece. The nozzle itself is preferably a round 
idpening haviiig a diameter of the order of sev 
eral Euridiedths of an inch. The face of the 
nozzle facing towards the grinding wheel is pref 
serably surfaced by the grinding wheel itself be 
fore set up. After being set up properly on 
the machine, by adjusting the screw 25 or by 
roving the idzzle body 3: in its clamp 34, there 
is a small spaeing between the grinding wheel 
and the erad face of the nozzle of the order of 
a thousanidths of an inch. It has been found 
-that with a 60 grit wheel, with a space of one 
thetisandth 6f an inch between the nozzle and 
the wheel and using twenty-five pounds pres 
sure at the outlet of the pressure regulator, 
and with a .072’ round jet hole, with the grind 
ing 'wheel rotating about 3000 R. P. M., there is 
a very accurate control of the size of the Work 
pieces produced. When the grinding Wheel 
wears slightly in operation, the Space between 
the grinding wheel and the end of the nozzle 
increases so as to permit the air leakage of air 
from the nozzle to increase and thus slightly 
lower the pressure to which the element 42 is 
subjected. This opens the contact between the 
switch blades 49 and 47, opening relay a to close 
motor control switch a' while simultaneously 
closing signal light control SWitch a'. Thus 
the operator is aware that the tolerance limits 
of the grinding operation are being exceeded, 
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and where there is no automatic control of the 
motor T, he can manually control the motor, 
although it is preferred to have this control 
automatic, as by having the relay a control the 
Switch a' directly as shown. The motor thus 
turns the screw 6 and moves the regulating 
wheel closer to the grinding wheel until the 
switchblades 47 and 49 contact again, where 
upon this moverinent stops. The normal oper 
ation conditions are thus automatically restored 
and grinding wheel Wear automatically compen 
Sated. As the regulating Wheel is moved to 
wards the grinding wheel, the nozzle itself is of 
course moved to an equal degree thus effec 
tively maintaining an accurate control of the 
size of the parts produced. 

In set up, the nozzle is positioned by trial or 
experience at what is thought to be the proper 
position ifrom the grinding wheel and With the 
coolant liquid flowing on the work or part be 
ing ground. A part is grothd a 6 then ékam 
ined for size after being renoved from the fia 
chine to see that the set up is proper. If the 
size of the pait produced is not précisely cor 
rect, the position 6f the nozzle is properly ad 
justed so the next piece produced will be ground 
to the precise size required, within the specified 
toleranice limits. Since the end of the nozzle 
is always spaced froia the griding wheel at 
least after initial setup, there will be no sub 
stantial wear on the end of the hôzzle and since 
the Spéed of the grinding wheel is relatively ton 
stant in operation and the workpiece itself 
keeps the thickness of the film of coolant liq 
uid on the grinding wheel just below the work 
locatión Substantially eónstait, the gauging 
produced by the nozzle is extremely accurate 
and adequate tö maintain a part size to within 
i. ten-thousandth of an inch or eveh intch 
SS 

The same gauging indication will not obtain 
if the grinding wheel is stationary or if there 
is no coolant lituid flowing as obtains during 
normal operation because the speed of the grind 
ing wheel has some effect on the reading. The 
presence of the film of coolant liquid on the 
grinding wheel also has some effect on the rate 
at which air will discharge from the end of the 
nozzle, so the setup is made under normal op 
erating or running conditions. The exact pó 
Sitioning of the nozzle is determined, as previ 
ously mentioned, by accurately gauging the fin 
ished part after a trial run following prelin 
inary setup, to determine any size deviation in 
the setup arrangement so that it can be cor 
rected by adjustinent of the nozzle position. 
While the fortin of apparatus and the rhethod 

of operation herein described constitute pre 
ferred embodirhents of the invention, it is to 
be understood that the invention is not limit 
ed thereto, and that changes may be made there 
in without departing from the scope of the in 
vention which is defined in the appended claims. 
What is claimed is: - - 1. A grinding mathine comprising a grinding 

wheel, a support for said grinding wheel, an 
adjustable slide on said support, work position 
ing means carried by said slide for arranging 
the work to contact the grinding wheel at a 
grinding 20ne, a body carried by said slide, said 
body having a passage terminating in a fiti 
leakage of ifiée facing the operating surface of 
the grindig Wheel in such closely spaced rela 
tion therewith that the grinding Wiheel directly 
controls the flew öf 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 flow 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, a body carried 
by said slide, said body having a passage termi 
nating in a 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 controlled 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 between 
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 
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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 
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 liquid 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 respects 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 controlling 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 
a 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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twheel having a peripheral grindhag surface, a 
sfirst support for said grinding wheel, a second 
support, work positioning means on said second 
support for supporting a workpiece for contact 
with the grinding wheel at a grinding zone, neathS 
for supplying a coolant liquid onto said Work 
piece from above, an air gauging means on said 
second support, said air gaugirag means including 
a body having a passage terminating in a fittid 
leakage orifice facing the operating strface of 
the grinding wheel in such closely Spaced rela 
stionship therewith that the flow of the air through 
the orifice is directly controlled by the grind 
ing surface of the grinding 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 accordainee 
with the results of the gauging operation. 

12. A grinding machine comprising a grindirig 
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 grinding 
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 a body having a passage ter 
:minating in a fuid 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 directly controlled by 
“the grinding surface of the grinding wheel. 

13. Agrinding machine comprising a grinding 
wheel, a support for said, grinding Wheel, a slide 
on said support, work positioning means carried 
by said slide for arranging the Work to contact 
the grinding wheel at: a grinding Zone, Said:Slide 
being adjustable for movement towards the 
grinding wheel, a body carried 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 rela 
tion therewith that the grinding Wheel directly 
controls the flow of air through the Orifice, means 
for supplying fluid under regulated pressure, a 
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sconnectio including a fow restricting reas 
between the body passage and the fitid Supplying 
means, a pressure responsive Switch connected 
between the orifice and the foW restricting 
(means, and an indicating means controlled by 
said Switch. 

14. A grinding machine Cornprising a grinding 
wheel, a support for said grinding wheel, a slide 

: On Said Support, Work positioning means Carried 
10 
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by said slide for arranging the work to contact 
the grinding wheel at a grinding Zone, saidslide 
being adjustable for movement toward the grindi 
ing wheel, a body carried by said side, said body 
having a paSSage terminating in a fluid leakage 
ionifice facing the operating surface of the grind 
ing Wheel in Such closely Spaced relation there 
With that the grinding Wheel directly controls 
ithe 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 supply 
ing fluid under regulated pressure, the connec 
tion including a flow restricting means between 
it he body passage and the fluid supplying means, 
a pleSSure responsive Switch connected between 
the orifice and the flow restricting means, and 
means controllied by Said switch for automati 
cally shifting said slide to maintain a predeter 
'mined 'Spacing between the orifice and the grind 
ing Whee. 
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