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AEEGE (G. Eeden, Warcester, REags assigE252 to 
No.202 (CDER22LRy, Weezrcester, Mass., & 
ticia of Riggsgelease&s 

Application October 2, 
2 CEigas. 

Eine gavention relates to grixding zagginies a...d5. 
wit: Eregard to its fore specific features to 2. Siz 
Eig Yechasis; therefor. 
CEe object of the investion is to provide a.a. 

electric sizing device whose sensitivity is Eiot &f- 
fected by arcing. Another orject of he i Ven 
tion is to provide a sizing device capable of fire 
adiastigment. Another object, of the invertion is 
to provide an efficient and sensitive cross feed aid 

10 control thereof for a grinding Fiachine. Ctile 
objects will be in part obvious CE" i.e. 23rt pointed 
o, i.ezeinafter. 
The invention accordingly consists in the fes 

tures of construction, compilations of elements, 
i5 and arrangements of parts as will be exemplied 

in the structure to be hereinafter described, and 
the scope of the application of which will be in 
dicated in the following clair. S. 

In the accompanying drawings, in whici is 
show one of various possible embodialets of 
the mechanical features of the invention, 

Fig. ) is a view, partly in cross section and 
partly in elevation, showing the hydraulic actu 
atting and control mechanism for the cross feed 
slide of a grinding machine, and illustrating also 
certain parts of the calipering rechanisri i ele 
Vetigii, 

Fig. 2 is a plan view of the calipering control, 
Sig. 3 is a sectional view take or the line 3-3 

of 3.g. 2, - 
Fig. 4 is a sectional view taken ok tile line 6-3 

l, 
Fig. 5 is a wiring diagraril illustrating aiso Cere 

tsai Seti is of the optica: Epparatus. 
3. 3rovisie a grinding zaghiye including a 22 

chie Sse having tie 3838. Ways, not sh97: , 
for tile support of a VYork sible, not sic". 2, 3}}{2}. 
Wyllick work takie is supported a les, sistock & R2d 2. 
t2.Élstock or the suggort aid rotation of 8. Worl: 

3ce wick is to be extesidyly gro, rid. Ske 
ents its rese','ee to willic 3.e. riot, S.O.W.E. 

here are of Wei understood constit.2ctioi and 
2ny desired nears for holding and rotating a, 
work piece may be exployed, whether such en 
bodies raeans for longitudiinally recipirocating the 
work piece or not. 
Mounted on the usual cross feed sideways, not 

show, is a cross slide 2 of any usual or desired 
form, which journals in journals 3 the spindle 
As of a grinding wheel 5. Surrounding the 
grinding wheel 5 is a, wheel guard 6 which, ac 
cording to this embodiment of the present in 
vention, forms a support for the work calipering 
mechanism to be described. 

I provide a work contacting calipering appara 

5 

2 

3. 

35 

45 

5 5 

1935, Sential Rep. 43,868 
(CE. 52-165) 
t3S 2 triaich ragg aire the for of that disclosed 
is the patent to Green. No. 1,992,027, for example 
Corprising 3 feeiei rod 2 slidaoly nonted in a, 
casing 22 to whici is iritegrally attached an 8.2Vil 
23 provided with an adjustable contacting screw 
26 dia. Eretrically opgosed to and aligned with tie 
end of feeler roc: 26, the anvil member 23 having 
also 3Loti.e. adjustabie contact, screw 25 arranged 
to beas later&ily upg. the work and maintain tile 
ead of the feeler rod 2 and screw 24 in the de 
sixed locatioE). It Oder to facilitate precise 
measurement, with this calipering device it may 
be supported ix. 8 y convenient manner so that, 
the weight of the casing 22 and the parts assen 
bied t:keyewith are not supported by the feeler 
rod 2.É. to accorpiish this there is provided a 
lini. 28 which may be claraped in any convenient 
position or a rod 2 uprising from a bracket, 28 
attached to the wheel guard 66; thus the parts 
of the calipering recanish are located in fixed 
position relative to the grinding wheel and trav 
erse of the work piece, if Such is provided for, does 
not, in this preferred enodiment of the inven 
tion, alter the alignment of grinding wheel and 
calipering device. In case such traversing mech 
anisin for the Work table is provided the caliper 
ing recanisin is traversed relative to the work 
piece out, due to its carefully balanced condition 
Such traversing does not affect its operatio aid 
it is at all tiries easuring that part of the Work 
which is being ground. However, it should ke 
understood that, the apparatus of the presert ins 
vention is also particularly adapted for use in a 
grisciag nacilise grinding by the so-called 

3.gif, ii) &ggins, the Work piece aid grinds 
ize without relative reciprocation between 

Stree; and vigor: 03, in sore cases, with 0:33, 8, 
sigli, relative recipiccatory motion which may be 
is citicas in the wheel spindle 8 itself. 
Sii referring to Fig. 1, a link 35 is pivotally 

and frictionaliy supported on the link 26 (which 
is rigidly secured to the rod 2) and the friction 
at pin 38 connecting links 26 and 3 is such that 
the irak 36 may be moved about its pivot by the 
operator but will remain in the position in which 
it is set. Pivotally mounted on the end of link 
30 by means of an enlarged portion 32 is a plat 
form 33 which has attached to it the casing 22, 
and thus the casing 22 is supported. Connecting 
a pin 34 which joins the link 30 to the platform 
33, and an ear 35 on the casing 22, is a spring 36 
which maintains screws 24 and 25 in frictional 
contact with the work, thereby supporting the 

e-cut” method, in which the wheel 5 is fed 
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2 2,115,678 
Caliper and providing a free sliding action of the 
feeler rod 2 f. 
Upstanding from the platform 33 are a pair of 

journal bosses 40 pivotally supporting a shutter 
member 4 which is in the form of a bell crank 
lever having a short arm 42 in contact with the 
top of the feeler rod 2. From inspection of Fig. 
1 it will be seen that the upper or operating end 
of the shutter 4 will move through a substan 
tially greater distance than does the feeler rod 
2 pursuant to reduction in size of the work piece. 
Thus the mechanism so far described constitutes 
a contacting feeler calipering device together 
with mechanical amplifying mechanism, and in 
So much as the shutter 4 is utilized to cut one 
or more beams of light it may be of very light 
construction and thus the mechanical apparatus 
of the calipering and control mechanism is sub 
jected to very small strain which measurably in 
Creases its efficiency. One of the features of ad 
vantage of the present invention resides in the 
simplicity of the mechanical elements which, 
nevertheless being mechanical are highly reliable. 
Another feature of the invention associated with 
the foregoing is that adjustments for intermedi 
ate and final size may be made on the non-mov 
ing parts of the apparatus thus relieving the mov 
able elements of the feeler mechanism from ex 
cessive load and back play or lost motion in 
cidental to an adjusting mechanism; while the 
invention permits adequate fineness of adjust 
ment through the use of substantial and rigid 
adjusting mechanism associated with the parts 
that are not directly moved by the feeler. 

Still referring to Fig. 1 attached to the upper 
side of the wheel guard f6 is a bracket 45 hav 
ing, as better shown in Fig. 4, horizontal slide 
ways 46 for the support of the dovetailed portion 
47 of a slide 48. Referring now to Fig. 3, up 
Standing from the slideway 46 is a collar member 
49 which positions a screw shaft 50 having a hand 
wheel 5f on the end thereof. The screw 50 passes 
through an internally threaded portion 52 of the 
slide 48. Thus the slide 48 is mounted for hori 
ZOntal adjustment fore and aft upon the bracket 
5. 
Referring now to Figs. 1 and 2, the slide 48 

has a depending slideway member 55 in which 
is a slideway 56 supporting a vertical slide 57 
having a dovetailed portion 58 fitting in the slide 
way 56. A collar 60 attached to the depending 
portion 55 positions a screw shaft 6 having a 
hand wheel 62 for vertical adjustment, the screw 
shaft 6 passing through a threaded portion 63 
in the vertical slide 57. Still referring to Fig. 2, 
attached to and projecting horizontally from the 
vertical slide 57 are a pair of platforms 65 and 66 
Separated by a slot 67. 
The shutter 4 is located in the slot 6T be 

tween platforms 65 and 66. Referring now to 
Fig. 1, in this particular embodiment of the in 
vention the shutter 4 has a pair of shutter arms 
70 and T, which successively uncover light beams, 
the first of which initiates a change in the grind 
ing cycle and the second of which determines the 
grinding operation and is the final size control. 
The apparatus herein described may be readily 
set up for either the shutter arm 70 or 7 to con 
trol the final size but by way of a preferred ex 
ample it may be considered that the arm 70 alters 
the grinding cycle while the arm 7 controls final 
size. Still referring to the upper part of Fig. 1, 
it will be observed that the slide 57 may be moved 
up and down without great effect upon the right 
hand edge of the shutter arm 70, which is the 

edge which uncovers the light beam, while move 
ment up and down of the slide 57 definitely alters 
the position at which the other light beam is 
uncovered by the shutter arm ... On the other 
hand, the relative position of both shutter arms 5 
70 and i? may be adjusted by turning the hand 
wheel 5 and thus moving horizontally the slide 
48, and such adjustment does not affect the 
interval between uncovering of the light beams. 
Further, it may be stated that movement of the O 
slide 57 pursuant to turning of the hand wheel 
62 does change the interval between uncovering 
of the light beams. These features are due to the 
provision for adjusting the platforms 65 and 66 
in two dimensions, as well as to the shapes of the 15 
shutter arms 70 and T, the right-hand edge of 
one of which is nearly if not quite vertical and 
the right-hand edge of the other of which is at 
all times substantially inclined to the vertical. 
By selecting the left-hand shutter arm 7 as that 20 
which controls final size the invention provides 
in effect a vernier mechanism, for coarse adjust 
ments may be made with the hand wheel 5 and 
fine adjustments with the hand wheel 62. 
A feature of the invention is the control of the 25 

grinding operation by uncovering successively a 
pair of beams of light which operate a photoelec 
tric apparatus ultimately, actuating solenoids to 
effect the desired control. Considering now the 
optical apparatus, its position and general char- 30 
acteristics are indicated in Fig. 2 while more de 
tails of construction are disclosed in Fig. 5. Re 
ferring to these figures, I provide a lamp box 80 
in which is located an electric light bulb 8 which 
may be of the point of light type or of the rib- 35 
bon flament type in order to produce a beam hav 
ing as little stray light as is possible within prac 
tical limits. Box 80 has a pair of walls in which 
are inset semi-convex lenses 82 and 83 respec 
tively. In front of the lenses 82 and 83 are semi- 40 
Convex lenses 84 and 85 thus producing, as shown 
in Fig. 5, a pair of systems of condensing lenses. 
The outer lenses may be adjustable in telescoping 
supports 86, 87. 

By the apparatus so far described a pair of con- 45 
verging light beams 88 and 89 are formed. These 
light beams are directed through concave lenses 
90 and 9 to produce beams 92 and 93 of parallel 
or nearly parallel rays. In certain respects it is 
an advantage to avoid absolute parallelism as the 50 
beams of light may be desirably made very nar 
row indeed at the position where they are inter 
cepted by the shutters 70 and 7 with resulting 
sensitivity of the apparatus. The concave lenses 
90 and 9 may be adjustably mounted in brackets 55 
94 and 95. 
The beams 92 and 93 are converted into beams 

parallel to each other by means of mirrors 96 and 
9, which may be angularly adjustable for the 
proper setting-up of the apparatus. The beams 60 
92 and 93 thus reflected pass across the opening 
67 and through orifices 00 and 0 in a di 
aphragm O2 which otherwise protects photo 
electric cells f O3 and 04. Fig. 1 shows the ori 
fices 100 and of both uncovered but the appa- 65 
ratus should be adjusted so that both of these 
orifices shall be covered at the commencement 
of grinding, and when it is desired to change the 
feed the orifice foo is uncovered by the shutter 
arm 70, and when the work piece comes to the 70 
final size the shutter arm if uncovers the orifice 
Ol. It should be understood that by the phrase 

'uncover.' I intend to indicate effective illumina 
tion of the photoelectric cells, for it is illumina 
tion by a given amount which causes their action is 



2,215,873 ---, 
and it is their property of acting at a critical ill 
lumination which permits me to use thern for 
accurate sizing of workpieces and although pre 
fer to make the beans 92 and 93 very narrow 
neverthless can achieve accurate sizing of Work 
pieces although such beams of light may have, 
relatively speaking, substantial thickness. 
In the preferred embodiment of the invention 

actuation of the photoelectric celi A3 cases 
cross feed movement between grinding wheel 5 
and work piece to cease, while actuation of the 
photo-electric cell G4 causes the cross feed slide 
2 to retreat carrying the grinding wheel 5 defi 

nitely away from the work piece. Grinding be 
5 tween the first indication or electrical actuation 
and the final corning to size takes place OWing to 
the pressures set up in the machine parts and 
such grinding, already known in connection with 
manually operated machines, has been terred 

O “sparking out". The invention is shown en 
bodied in an external cylindrical grinding Raa 
chine, but may be embodied in other types of 
grinding machines, and the first actuation in Sorine 
cases may be a slowing-down of the CrOSS feed 

5 rather than an actual discontinuance of all nove 
ment. The mechanism of the present invention 
may be adjusted so as to bring the cross slide 
2 to a stop at the first photoelectric actuation, 

or it may be adjusted so as to decrease the rate 
O of cross feed rather than to stop it altogether. 

In the preferred embodiment of the invention 
I use a hydraulic cross feeding mechanism which 
may be readily controlled by solenoids actuated 
by the photoelectric cells 03, and 84. Referring 
again to Fig. 1, depending from the cross slide 
2 is a bracket 5 to which is attached a piston 
rod f O6 having a piston is located in the cyl 
inder 03. A slide valve O9 has reduced diameter 
portions 0, a fi and 2, which are separated 

O by full diameter portions fitting a valve bore 3. 
A port 4 connects to the right-hand side of the 
cylinder G 38 while a port 5 connects to the left 
hand side thereof. A passage 6 connects the 
port 6 with a valve port 8, and a passage 

5 7 connects the port dis with a valve port 8. 
As shown in Fig. 1, the ports 8 and 9 are 
symmetrically located in the bore 3, one being 
slightly to the right of the center portion thereof, 
and the other an equal distance to the left. 

) The bore 3 also has ports 20, 23, and 22, 
the former being a fluid entrance port and con 
nected to pipe 23 leading to a source of fluid 
under pressure, and the latter two being fluid ex 
haust ports, the port 2 being connected by pipe 
28 to a valve 24, and the port 22, being con 

nected by piping 25 direct to the exhaust. The 
valve 24 is connected by piping 26 to the pip 
ing 25 as clearly illustrated. 
The slide valve 0.9 may be Operated manually 

by means of a rod 30 having a handle 3 within 
convenient reach of the operator, and the slide 
valve 0.9 may be operated in one direction by 
means of a solenoid 32, as integrally formed with 
the slide valve fo9 is a rod-like portion 33 which 
constitutes the core of the solenoid 32. 
With the slide valve in the position shown in 

full lines in Fig. 1, fluid under pressure is ad 
mitted from the piping 23 through the port 20 
and past the reduced portion to the port 8 
and the fluid passes through passage 6 to the 
port 4 which is at the right-hand end of the 
cylinder 08 and therefore the fluid will urge 
the piston OT to the left thus to move the cross 
slide 2 and carry the grinding wheel 5 towards 

s and to reduce the diameter of the work piece . 

28. 

3. 
The parts are shown at the commencement of 
this operation in Fig. 1. While pressure fluid is 
moving the piston to the left, fluid is being 
exhausted from the left-hand side of the cylinder 

""......, 

08 and it flows outwardly by way of port is, 
passage , and port 9 past reduced diameter 
portion a 2 and through piping 28 to valve 24 
and thence by way of pipe 26 into pipe 25 which 
corrects with the tuid surnp or Sorce of spy. 
When the valve G9 is moved to its right-hand 
position, as indicated in dotted lines in Fig. 1, 
.the fuid under pressure from the pipe 33 32nd 
port 28 passes by way of reduced diameter gor 
tion to port 839 and by passage to port 
a 5 and thus into the left-hand side of the cyl- 25 
inder 88. This causes movement of the piston 

to the right thus carrying the grining 
wheel 5 away from the work piece, and the 
fluid is forced out of the right-hand side of the 
cylinder 398, through port 64, passage 6, 
through port 3, past reduced diameter portion 
a 30 to port, 22 agad by way of piping 25 to the 
Sll 3 p. 

It will be noted from the foregoing description 
that, when the grinding wheel is traveling in 
wardly or to the left the exhaust fiuid is passing 
through the valve 24, but when the grinding 
wheel is noving outwardly or to the right the 
exhaust fluid does not pass through the valve 

The valve 23 is an adjustable nettering 
waive and may be set to stop position; thus it 
controls the advance of the grinding wheel and 
procures a slow feed thereof and it is capable of 
being moved to a position to reduce the feed or 
to stop it altogether. 
Considering now the construction of the valve 

24 and referring to Fig. 1, the pipe 28 connects 

2) 

25 

35 

to a port 35 which opens into the side of a 
cylinder 36. Opposite the port 35 is a port 
37 connecting with the pipe 26. A close fitting 
piston 38 is located in the bore of the cylinder 
(36 and its movement to the left is controllied 
by an adjustable stop screw 39. Connected to 
the piston 38 by means of a rod portion 66 is 
another piston member 4. Another rod É2 
passes into a solenoid 53 and constitutes the 
core thereof. 
rod 32 and urges the piston & and therefore 
the other parts including the piston 38 to the 
left. The rod 32 is connected at 45 to a brass 
or other non-magnetic rod 46 which is in posi 
tion to be engaged by a stop screw 4. 
By properly setting the stop screw 39 as by 

means of a hand wheel 68 the normal condi 
tion of the valve 24 may be determined. By 
setting the stop screw 47 as by means of the 
hand wheel 49 the condition of the valve 24 
may be adjusted for such part of the cycle as 
involves the energization of the solenoid 43. 
According to the preferred embodiment of the 

present invention the machine has three main 
parts to a cycle of operation. There is first the 
infeed of the grinding wheel when the Solenoid 
3 is deenergized and the valve 24 is at its ad 

justed open or widest open position. Then fol 
lows the grinding cycle while the solenoid 43 is 
energized, the piston 38 being to the right and 
either restricting the flow of fluid through the 
valve 24 more than previously or else cutting it 
off altogether. Thirdly, there is the return of the 
grinding wheel to a retracted position, which is 
not controlled by the valve 24 at all. 
The change from the first to the second phase 

of the grinding cycle is determined by one indi 
cation from the sizing apparatus and the change 

30 

A spring 36 surrounds the core 
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4. 
from the second to the third phase of the cycle 
is determined by a second indication of the sizing 
apparatus. As so far described the photoelectric 
cell to sets in motion the change from the first 
to the second phase and the photoelectric cell 
04 sets in motion the change from the second 

to the third phase. The change from the third 
to the first phase might be effected in any manner 
but so far as the present embodiment is con 
cerned may be effected by manual Control, as 
a new work piece is to be introduced at this 
point, and the introduction of such work piece 

5 

40 

O 

S 

will deenergize the solenoids and the operator 
has ample time to shift the rod 30. 

It should be noted that either of the photoelec 
tric cells 3 or 04 may be selected for initiat 
ing either change, as this is simply a matter of 
connection of two pairs of final circuit wires. 
Furthermore, the sizing apparatus may be ad 
justed so that the change from the first phase 
to the Second phase occurs at the end of the 
movement which brings the grinding wheel 
against the work piece, or the change may be 
effected when the work piece is nearly to size so 
that the final cuts will be in the nature of a fine 
grinding operation. I prefer to adjust the valve 
24 so that no advance of the grinding wheel 

will take place after the solenoid f 43 is ener 
gized, the further reduction of the work piece 
being due to the strain or spring in the machine 
parts and the final cuts being what have been 
described as 'dying out' cuts, or simply "spark 
ing Out'. The sparking out method of grinding 
has been found to be particularly effective for 
the production of true cylindricai fine finish and 
accurate work. The calipering mechanism of the 
invention may be readily adjusted so that the 
difference between actuations of the two photo 
electric cells is within the range of the amount 
of size reduction effected by a dying-out cut. 

Referring now to Fig. 5, the photoelectric cell 
9 is associated with amplifying and relay ap 

paratus to energize the solenoid 43, while the 
photoelectric cell 04 is associated with identical 
apparatus to energize the solenoid 32. Any am 
plifying and/or relay apparatus may be used, 
and direct or alternating current may be em 
ployed in any of the circuits, as my invention is 
not confined to any particular electrical arrange 
ment. For purposes of illustration, however, I 
have disclosed in Fig. 5 a set of circuits which 
may be employed. 

Referring now to Fig. 5, a 110 volt A. C. line 
55 has connected to it conductors 56 and 57 

leading to the terminals 58 and 59 of a trans 
former primary 60. Similarly conductors 56a 
and 5 a connect to terminals 58a and 59a of 
a transformer primary 60a. Three secondary 
coils 6, 62, and f63 are energized by the pri 
mary coil 60 and similarly secondary coils 6a, 
62a and 63a are energized by the primary coil 
60a. Non-inductive potentiometer resistances 
64 and 64a are connected across the conductors 
65 and 66 and 65a and 66a respectively of the 

coils 6 and 6 a. Conductor 65 leads to the 
anode 67 of the photoelectric cell f O3 and con 
ductor 65a leads to the anode fisa of the photo 
electric cell 04. Conductors 66 and 66a lead 
to condensers 68 and 68a which are connected 
by conductors 69 and 69a to conductors TO 
and Toa which Connect respectively to the cath 
odes 7 and Ta of the photoelectric cells 03 
and 04. 
The secondary coils 62 and 62a respectively 

energize flaments 73 and T3a of amplifying or 

2,115,678 
triode tubes 74 and 74a. Grids 5 and 5d. 
of the tubes 74 and 74a are connected by con 
ductors 76 and 76a to non-inductive resistors 

T and Ta the other ends of which are con 
nected to the conductors flo and 70a respective 
ly. Plates 80 and 80a in the tubes T4 and fa 
respectively are connected to conductors 8 and 
f8 fa which conductors are connected to termi 
nas 82 and 82a. The secondaries 63 and 63d 
have each of them one end thereof connected re 
spectively to terminals 83 and 83a. Connected 
in parallel between terminals f 82 and 83 are 
a condenser 84 and a sensitive relay coil 85, and 
connected in parallel between terminals B2a and 
83a are a condenser 84a and a sensitive relay 

coil 85a. The other ends of the Secondary coils 
63 and 63a are connected to conductors 86 

and 86a. Conductors 86 and 36a connect re 
spectively to the movable elements 8 and 8 a. 
of potentiometers 64 and 64a and conductors 
86 and 86a are also connected by leads 88 and 
8a to the mid points of coils f 62 and 62a. It 

will now be seen that a certain degree of illu 
mination of photoelectric cell f3 causes ener 
gization of relay coil 85, while a certain degree 
of illumination of photoelectric cell foll causes 
energization of relay coil 85a. The apparatus 
is adjustable by means of the potentiometers 
8-64 and 8 at 64a. 
In so much as the energization of the relays 85 

and 85a may be momentary I further have pro 
vided a relay to close and keep closed the final 
circuits upon any energization whatsoever of the 
Sensitive relays. 
f56 also connects to a terminal 90 and conduc 
tor f36a connects to a terminal 90a. Conductor 
57 connects to a relay coil 9 and conductor 
57 a connects to a relay coil 9 a. The other 

ends of the relay coils f 9 and 9 fa are con 
nected to terminals 92 and f 92a respectively. 
Pendulum contactors 93 and f 93a are adapted 

to connect terminals 90-92 on the one hand 
and 90a-92a on the other hand. These pen 
dulum contactors are arranged to be operated by 
long arms 94 and 94a of armatures 95 and 
95a actuated by the coils 85 and 85a. 

1) 

5 

20 

25 

30 

As shown in Fig. 5, conductor , 
35 

40 

45 

Energization of the relay coils 9 and 9 a 
respectively, even monentary energization there 
of, causes the closing of knife switches 97 and 
97a. These are double knife switches and one 

set of terminals thereof is connected by shunt 
leads to the 110 volt A. C. wires 56, 57, and 
f56a, 5 la respectively, while the other terminals 
of these knife Switches f9 and 97 a connect to 
lines 200 and 200a, which respectively lead to the 
Solenoids 43 and 32. 
The pendulum contactors 93 and 93a may be 

of Spring steel so that normally they lie in the 
position shown in Fig. 5 but a slight force will 
throw them into contacting position. The photo 
electric cell cathodes 7 and Ta are preferably 
Sensitive caesium plated cathodes and a certain 
definite amount of light on either of them will 
cause enough current to flow in either of the relay 
coils f 85 and 85a to close the circuit by con 
tactor 93 or 93.a. By producing narrow beams 
of light 92 and 93 and providing sensitive double 
relay apparatus one element of which is a current 
measuring relay, I am enabled accurately to size 
the Work. 

In order to set up the machine, a work piece 
ground to the desired size by means of hand 

gauges is placed in the machine centers and the 
calipering device is located in position and the 
main switches are closed. The hand wheel 62 is 

50 
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now turned until the orifice D appears about 
the middle of the shutter in a vertical direc 
tion. The screws 24 and 25 may now be turned 
until the shutter Ti is just covering the orifice 
O. Before this is done the screw 50 should be 

placed about in its mid position. Now the hand 
wheel .5 may be turned until the solenoid 32 is energized. 
The machine is now ready to operate and an 

oversized work piece placed in position will be 
automatically ground to size in the manner al 
ready indicated. When the operator wishes to 

5 

20 

25 

30 

35 

start a particular grinding operation he draws 
the head 3 of the rod 30 forwardly. Many 
other manners of adjusting the machine and 
many varied cycles of operation may be adopted. 
The electrical apparatus may be conveniently 

located at any part of the machine- and takes 
very small space. The cross feeding mechanism 
involves a simple valve and a cylinder and piston 
unit together with a control valve. Thus the 
apparatus is simple and by controlling fluid pres 
sure apparatus through a solenoid which is in 
turn controlled by relays, amplifying apparatus 
and a photoelectric cell, I achieve a readily ad 
justable and simple control for a grinding ma 
chine. The apparatus also has the advantages of 
an actual contact gauge without placing a pres 
sure on the contacts due to cumbersome operat 
ing apparatus associated therewith, as the shutter 
4 may weigh less than an ounce. 
In some cases in order to make the apparatus 

more sensitive I may optionally add a diaphragm 
with very small holes therein as indicated in 
dotted lines in Fig. 5 by the numeral 2. 

It will thus be seen that there has been pro 
vided by this invention an apparatus in which 
the various objects hereinabove set forth together 
with many thoroughly practical advantages are 
successfully achieved. As various possible emi 
bodiments might be made of the mechanical fea 
tures of the above invention and as many changes 

might be. miade in the embodiment above set 
forth, it is to be understood that all matter here 
inbefore set forth or shown in the accompanying 
drawings is to be interpreted as illustrative and 
not in a limiting sense. 

I claim:- . . . 

1. In a grinding machine, a pair of photo 
electric cells, means for creating a pair of light 
beams directed towards said photoelectric cells, 
a shutter arm, a pair of shutters on said arm, the 
sides of the shutters being inclined to each other 
so that the distance between such sides in one 
plane varies with the position in a plane normal 
to the first plane, adjustment means to vary the 
increment between cutting of the beams by the 
shutters, a pair of controls to alter the grinding 
operation respectively from a coarse to a fine 
grinding operation, and from a fine grinding op 
eration to cessation of grinding, and devices con 
nected to be actuated by the photoelectric cells 
respectively to actuate said controls respectively. 

2. A Work calipering device for grinding ma 
chines and the like comprising a gauge device in 
cluding a pair of elements positioned to engage a 
round work piece at different points, one of said 
elements, being movable, a lever, a connection be 
tween the lever and the movable element to move 
the lever as the work piece changes in size 
through grinding, a pair of shutter surfaces on 
the lever at an angle to each other, means for 
creating a pair of light beams, orifices towards 
which the beams are directed, photoelectric cells 
-behind the orifices, the shutter surfaces being 
movable across the orifices, adjustment means for 
the orifices to move them substantially parallel 
to the margin of one of the shutter surfaces 
whereby because of the angular relation of said 
shutter surfaces the increment between uncover 
ing of the orifices will be altered, and instru 
mentalities actuated by the photoelectric cells to 
control a grinding Operation. 
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