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3,080,054 ARTICLE GAUGING ANSS6RTING APPARATUS 
Earl B. Dickison and William C. Graves, Indianapolis, 
and Ralph E. Purdy, Lawrenace, ad., assignors to West 
ern Electric Company, Incorporated, a corporation of 
New York 

Fied Sept. 7, 1960, Ser. No. 54,521 
10 Claims. (C. 209-38) 

This invention relates to article gauging and sorting 
apparatus, and more particularly to apparatus for gauging 
desired dimensions of articles and for automatically sort 
ing the articles into grades in accordance with the meas 
ured dimensions. 

In the manufacture of telephone receivers, it is neces 
sary to form receiver magnets having predetermined 
dimensions with close tolerances to insure substantially 
perfect mating of the receiver magnets with other parts of 
the receiver. To satisfy these requirements the dimen 
sions of the receiver magnets must be closely checked 
and controlled during the manufacture thereof to insure 
that required tolerances are met. It has been observed 
that because of the tendency of tools, such as grinding 
wheels, to wear out during the manufacture of the re 
ceiver magnets, the dimensions of the receiver magnets 
tend to drift away from the desired nominal dimension. 
It has been further observed that by assembling the re 
ceiver magnets having oversize dimensions with mating 
parts having complementary undersize dimensions, or vice 
versa, a substantially perfect mating of the parts can be 
obtained. Accordingly, there is a need to provide an ap 
paratus for gauging the critical dimensions of the receiver 
magnets and for automatically sorting the gauged receiver 
magnets into grades according to the gauged dimensions. 

It is desirable to have receiver magnets separated auto 
matically by the apparatus into a number of different 
grades, each individual grade embodying only articles 
falling into one predetermined range of dimensions. At 
?the same time, the operator, by observing the relative 
number of receiver magnets in each grade, may deter 
mine at a glance the preponderating dimension and adjust 
the setting of the manufacturing tools to compensate for 
the drift away from the desired nominal dimension. 

It is an object of the invention to provide new and 
improved article gauging and sorting apparatus. 

It is another object of the invention to provide new 
and improved apparatus for gauging the dimensions of 
articles and for automatically sorting the gauged articles 
in accordance with the gauged dimensions. 

Gauging and sorting apparatus illustrating certain fea 
tures of the present invention may include gauging means 
for gauging a desired dimension of an article, the gaug 
ing means including a gauging element movable into 
and out of engagement with an article being gauged. The 
length of travel of the gauging element is dependent upon 
the magnitude of the dimension to be gauged. Movable 
guide means are provided for directing the article, after 
gauging, to any one of a plurality of receiving locations, 
each location corresponding to one discrete dimensional 
range. Also provided are means responsive to the move 
ment of the gauging element for selectively positioning 
the guide means to direct the gauged article to a receiving 
location determined by the length of travel of the gauging 
element whereby the article is directed to the receiving 
location designated for receiving the grade of articles in 
cluding the gauged dimension. 

Other objects and aspects of the present invention will 
become more readily understood from the following de 
tailed description of a specific embodiment thereof when 
read in conjunction with the appended drawings, in which: 

FIG. 1 is a plan view of gauging and sorting apparatus 
embodying the present invention; 
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FIG. 2 is an axial section of a receiver magnet illus 

?trating a dimension to be gauged; 
FIG. 3 is an enlarged, fragmentary section taken along 

the line 3-3 of FIG. 1, with parts thereof broken away 
for clarity; 

FIG. 4 is an enlarged, fragmentary section taken along 
the line 4-4 of FIG. 1, with parts thereof broken away 
for clarity; 

FIG. 5 is a reduced, fragmentary section of apparatus 
shown in FIG. 4, with parts thereof in the gauging posi 
tion; 

FIG. 6 is an enlarged, fragmentary, plan view of a 
selecting mechanism forming part of apparatus shown in 
FIG. 1, with parts broken away for clarity; 
FIG. 7 is a fragmentary section taken along the line 

7-7 of FIG. 5; 
FIG. 8 is a schematic diagram of an electrical control 

circuit for the gauging and sorting apparatus, and 
FIG. 9 is a schematic diagram of a pneumatic circuit 

for the gauging and Sorting apparatus. 
Referring in detail to the drawings, and more particular 

ly to FIG. 1 thereof, there is shown gauging and sorting 
apparatus, designated generally by the numeral 21, for 
gauging dimensions of articles, for example receiver mag 
nets 22-22, one of which is shown in detail in FIG. 2, 
and for sorting the gauged receiver magnets into different 
grades in accordance with the gauged dimensions. Each 
of the receiver magnets 22-22 is in the form of a hollow 
cylindrical cup 23 having a bottom 24 provided with a 
central circular aperture 26. In the exemplary embodi 
ment illustrated, the apparatus 2 is designed to measure 
the thickness of the bottom 24, designated in FIG. 2 as 
the distance (T) between the inner and outer faces 27 and 
28, respectively. 
The gauged receiver magnets 22-22 are then auto 

matically sorted by the apparatus 25 into a desired num 
ber (N--2) of grades, which include (N) "regular' grades 
and two "rejects' grades, according to the magnitude of 
the thickness (T). In this particular example, the ap 
paratus 2i is preset to sort the receiver magnets 22-22 
into five “regular' grades and two "reject' grades. The 
regular grades are designed to include receiver magnets 
22-22 having bottoms 24-24, the thicknesses of which 
fall into a tolerance range (t-Nd), where (t) is a maxi 
mum acceptable thickness of bottoms 24-24 of receiver 
magnets 22-22 and (d) is an allowable range of devia 
tion for each grade. The first regular grade will include 
receiver magnets 22-22, the bottom thicknesses of which 
fall into a range from (t) to (t-d), which includes the 
size (t) but excludes the size (t-d). Similarly, each of 
the next consecutive grades will cover one range of dimen 
sions, each inclusive of its upper limit, but exclusive of 
the upper limit of the next lower grade. The fifth regular 
grade then will cover a range from sizes (t-4d) to 
(f-5d), inclusive of the size (t-4d), but exclusive of the 
size (t-5d). The reject grades include an "oversize' and 
an "undersize' grade. The "oversize' grade includes re 
ceiver magnets 22-22, each having the bottom thick 
ness greater than (t). The “undersize' grade includes all 
receiver magnets 22-22, each having the bottom thick 
ness equal to or less than (t-Nd), i.e. (t-5d) for this 
particular example. 
The apparatus 21 includes a gauging mechanisin 31 and 

a sorting mechanism 32, the latter comprising a selecting 
mechanism 33 and a sensing mechanism 34. The gauging 
mechanism 31 is designed for positioning a series of re 
ceiver magnets 22-22 to be gauged in a gauging position, 
gauging the thickness of the bottom 24 of each individual 
receiver magnet 22, actuating the sensing mechanism 34 
during the gauging operation, the degree of actuation de 
pending on the respective gauged dimensions of the respec 
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tive receiver magnets 22-22, and for delivering the gauged 
receiver magnet to the selecting mechanisin 33. 
The sensing mechanism 34 is designed for operating, 

upon actuation by the gauging mechanism 3i, the Select 
ing mechanism 33. The selecting mechanism 33 is de 
signed for receiving the gauged receiver magnets 22-22 
from the gauging mechanism and, in accordance with a 
signal received from the sensing mechanism 34, for Sorting 
the gauged receiver magnets 22-22 into the respective 
grades according to the gauged dimensions of the receiver 
Imagets. 

Gauging Mechanisin 
The gauging mechanism 31 includes a chute, designated 

generally by the numeral 36, secured in an inclined posi 
tion in a recess 37 (FIG. 3) in a top plate 38, by neans 
of a beveled support 359. The chute 35 is provided to re 
ceive a single file of the receiver magnets 22-22 to be 
gauged, which are positioned on their sides. The chute 36 
is inclined to insure free rolling of the receiver magnets 
22-22 down the chute 36 into a gauging position and, 
after a gauging operation, into a movabie Sorting chute 45 
of the selecting mechanism 33. A pair of side plates 42. 
and 43 are secured by suitable means to a base plate 44 
on both sides of a track 46, made of a suitable wear-re 
sistant material, such as a hardened stainless steel. The 
side plates 42 and 43 confine the receiver magnets 22-22, 
rolling down the chute 35 with the bottoms 24-24 adja 
cent to the side plate 43, to the area of a surface 47 of the 
track 46. A pair of circular apertures 48 and 49 (FIG. 4), 
aligned axially of each other in a position corresponding 
to the gauging position of the receiver magnets 22-22, 
are provided one in each of the side plates 42 and 43, re 
spectively. 

During the gauging operation, the receiver magnets 
22-22 are axially aligned with the apertures 48 and 49 in 
the gauging position and are pressed against the side plate 
43. To prevent an inaccurate measurement of the thick 
ness of the bottom 24 of a receiver magnet 22 due to pos 
sible deformation and wearing of the side plate 43, an an 
nular anyi plate 5 is provided. The anvil plate 5, made 
of a suitable hard, nonmagnetic material, resistant to in 
pact, pressure and abrasion, for example, hardened stain 
less steel or the like, is provided with a central circular 
aperture 52 axially aligned with the apertures 43 and 49. 
The anvil plate 5 is mounted removably, for maintenance 
purposes, in a complementary recess 53 in the side plate 
43 and is provided with a face 54 which serves as a refer 
ence surface for the measurement of the thickness of the 
bottom 24 of a receiver magnet 22. A pair of brackets 56 
and 57 anchor the side plate 43 to the top plate 38 to pre 
vent the possibility of lateral displacement of the side plate 
43 during the gauging operation. 
An escapement mechanism, designated generally by the 

numeral 58 (FG. 3), is provided to retain the lowermost 
of the receiver magnets 22-22 in the chute 36 precisely 
in the gauging position, and, after the retained receiver 
magnet has been gauged, to allow the same to roll down 
the chute 36 toward and into the sorting chute 45. Si 
multaneously, the escapement mechanism, 58 prevents the 
remaining receiver magnets 22-22, stacked in the chute 
36, from rolling down the chute. 
The escapement mechanism 58 includes detent pins 59 

and 6 having tapered ends. The detent pins 59 and 6. 
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are slidably positioned in bushings 62 and 63, respectively, 
mounted securely in holes extending through the base 
plate 44 of the chute 36 and also through the top plate 
38. The detent pins 59 and 6 are connected to opposite 
ends of a lever 64 mounted pivotally at the center thereof 
to a U-shaped bracket 66 so that, when one of the detent 
pins 59 and 6 is extended above the surface 47 of the 
track 46, the other of the detent pins is retracted below 
the surface, depending upon whether the lever 64 is piv 
oted clockwise or counterclockwise. The detent pin 59 is 
connected to a plunger 57 of a normally-deenergized sole 
noid 68 in such a manner that, when the plunger 57 is in 
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4. 
its normal, retracted position, shown in FIG. 3, the detent 
pin 59 is retracted below the surface 47 of the track 46. 
With the detent pin 59 retracted, the detent pin 61 is in an 
extended position protruding above the Surface 47 of the 
track 46 so as to hold the leading receiver magnet 22 in a 
gauged position in precise axial alignment with apertures 
4s and 49 in the side plates 42 and 43, respectively. 
A pin-like detector element 69 (FIGS. 3, 4 and 5) is 

normally urged by a spring 71 into an extended position 
(not shown), wherein one end of the detector element ex 
tends above the surface 47 of the track 46. The other 
end of the detector element 69 is positioned in abutting 
contact with an actuating arm 72 of a normally open de 
tector switch 73. When one of the receiver magnets 22 
22 is in the gauging position, the detector element 69 is 
depressed by the weight of the receiver magnet to a posi 
tion flush with the surface 47 of the track 46 and, when 
depressed, operates the actuating arm 72, so that the nor 
mally open detector switch 73 is closed to initiate a gaug 
ing cycle, as will be explained hereinafter in detail with re 
spect to the operation of the apparatus. 
An elongated, cylindrical gauging element 76 is mounted 

slidably, coaxially of the apertures 48 and 49 in a bearing 
support 77 mounted on the top plate 38. The gauging 
element 76 is provided with a reduced, tapered nose por 
tion 73 and an annular shoulder portion 79. The gauging 
element 76 is designed to be moved from its normal re 
tracted position shown in FIGS. 1 and 4 through a guide 
bushings 82, mounted in the aperture 48 in the side plate 
42, into extended positions, such as the position shown in 
FIG. 5. 
The gauging element 76 is moved so that the nose 78, 

the maximum diameter of which is less than the diameter 
of the aperture 26 of a receiver magnet 22, passes through 
the guide bushing 82, the last-mentioned aperture, the 
aperture 52 in the anvil plate 53 and the aperture 49 in 
the side plate 43, until the shoulder 79 engages the inner 
face 27 of the receiver magnet. In this extended position, 
the distance between the shoulder 79 and the face 54 of 
the anvil plate 51 is equal to the thickness of the bottoril 
24 of the receiver magnet 22. The nose 78 is of such 
length that, when the shoulder 79 is removed from the 
face 54 of the anvil plate 51 a distance equal to or less 
than a maximum acceptable thickness (t) of the bottom 
24 of the receiver magnet 22, the nose protrudes beyond 
the face 54 sufficiently to cause actuation of the serising 
mechanism 34, as will be explained hereinafter in detaii. 
A double-acting fluid cylinder 83, for example, an air 

cylinder, is mounted securely on the top plate 38 axially 
of the gauging element 76. A piston rod 84 of the air 
cylinder 83 is operatively connected to the gauging ele 
ment 76 so that the gauging element is moved with the 
piston rod between the retracted and the extended posi 
tions. A solenoid-actuated valve 86, which is connected 
by means of air lines 87 and 83 to the air cylinder 83, 
controls the reciprocable movement of the piston rod 54, 
and, therefore, the movement of the gauging element 76 
between the retracted and the extended positions thereof. 
The valve 86, connected to a suitable supply 89 (FiG. 9) 
of a fluid, such as air, under pressure, by means of an 
inlet line 91, is provided with an exhaust line 92 con 
nected to a suitable exhaust muffler (not shown). The 
valve 86 is actuated by means of an advance solenoid 93 
and a retract solenoid 94 (FIGS. 8 and 9) to produce 
the advance and the retract movements of the piston rod 
84, respectively. 
A normally open pressure switch 95 is connected to 

the air line 87 by means of an air line 96. The normally 
open pressure switch 95 is designed to be adjusted to close 
when the pressure in the air line 87 exceeds by a predeter 
mined amount a preselected, normal operating pressure. 
For example, if the normal operating pressure in the air 
line 87 is 40 p.s. i., the pressure switch 95 may be ad 
justed to operate when the pressure in the lines. S7 and 
96 rises to 45 p.Si. during the gauging operation. 
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In a gauging operation, during the advance stroke of 
the piston rcd 84, the shoulder 79 of the gauging element 
76 contacts the inner face 27 of the receiver magnet 22 
being gauged and urges the receiver magnet 22 against 
the anvil plate 53. Since the air is continuously supplied 
to the air cylinder S3 through the air line 87, the pressure 
of the air in the lines 87 and 95 rises above the normal 
operating pressure of the apparatus. When the air pres 
sure in the lines 87 and 95 increases to the operating 
pressure of the pressure switch 95, the pressure switch, 
which is connected electrically to the retract solenoid 94 
of the valve 86 closes and energizes the retract solenoid 
94, causing reversal of the operation of the air cylinder 
83. The pressure switch 95 is also connected to control 
the Seasing mechanism 34. 

trip arm, designated generally by the numeral 97, is 
mounted securely on the piston rod 84 for reciprocable 
movement therewith. The trip arm 97 is provided with 
a reduced portion 93 and an enlarged portion '99. A 
threaded rod 103 is mounted adjustably in the enlarged 
portion 99 of the trip arm. At the end of the retract 
stroke of the piston rod 84, the threaded rod 100 actu 
ates a plunger 105 of a normally open switch 02 to close 
the latter when the piston rod 34 is in its retracted position. 
The Switch 162, upon closing, energizes, when the de 
tector switch 73 is closed, the advance solenoid 93 of 
the valve 86 to cause advance movement of the piston 
rod 34 and, therefore, movement of the gauging element 
76 into its extended position. 
The enlarged portion 99 of the trip arm 97 actuates 

a one-way actuating arm 03 designed to momentarily 
close a normally open Switch 104 during the movement 
of the piston rod 34 into its retracted position only. The 
Switch it4, upon closing, energizes the solenoid 68 of the 
escapement mechanism 53 to cause counterclockwise 
pivotable movement of the lever 64 so that the detent pin 
59 is extended above and the detent pin 61 is retracted 
below the surface 47 of the track 46. The reduced por 
tion 93 of the trip arm 97 actuates a one-way actuating 
arm E3 designed to momentarily open a normally closed 
Switch 396 during the movement of the piston rod 84 
into its extended position only. 

Selecting Mechanism 
The selecting mechanism 33 (FIG. 6) of the sorting 

mechanism 32 includes an air cylinder 197 mounted se 
curedly to the top plate 38 by means of support brackets 
209-109. The air cylinder 167 is provided with two 
air inlet ports iii-8 and a plurality of air outlet ports 

i to 117, inclusive, spaced uniformly along the length 
of the air cylinder i07 intermediate of the inlet ports 
iii.6-10. A piston rod 18, having an attached piston 
element ii. 9, is mounted slidably through the ends of the 
air cylinder 197 axially thereof. The piston element 19 
fits tightly within the air cylinder 167 and is sufficiently 
long to close overlappingly and seal any one of the in 
dividual outlet ports it to 117, inclusive, when the 
piston element is moved in alignment therewith. 
A plurality of normally closed, solenoid-actuated valves 

2i to 127, inclusive, are mounted on a support plate 
128 which is attached to the air cylinder 17. Each of 
the valves 21 to 27, inclusive, is connected to a corre 
Sponding one of the outlet ports 111 to 217, inclusive, 
respectively. A plurality of normally deemergized sole 
noids 13i to 137 (FIGS. 8 and 9), inclusive, selectively 
control the associated valves 25 to 127, inclusive, re 
spectively. The solenoids 131 to 137, inclusive, are 
arranged to be selectively energized by the sensing mech 
anism 34 in a manner hereinafter to be described in detail. 

Suitable fluid, such as compressed air, is supplied simul 
taneously at the same pressure to both inlet ports 
i10-110. Since the outlet ports 111 to 117, inclusive, 
are normally closed by associated valves 12 to 127, 
inclusive, respectively, an equilibrium of pressures nor 
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6 
mally exists on opposite sides of the piston element 119. 
If one of the outlet ports if to 17, inclusive, is opened 
by the associated one of the valves 12 to 127, inclusive, 
the equilibrium of pressures is upset and the piston ele 
ment 119 moves in the direction of the lower pressure 
until the piston element closes overlappingly the open 
outlet port, whereupon the equilibrium is restored. The 
piston element 19 then remains in this overlapping posi 
tion until a different one of the outlet ports 11 to 117, 
inclusive, is opened, whereby the equilibrium of pressures 
is upset again. In this manner, by actuating selected ones 
of the valves 2i to 127, inclusive, it is possible to control 
the position of the piston element 119 within the air cyl 
inder 07. 
A rack 133 is mounted securely in a block 139, which, 

in turn, is mounted adjustably on the rod 18 for recipro 
cable movement therewith. A pinion gear 141, mounted 
on a shaft 142 (FIG. 3) for rotation therewith, meshes 
with the rack 138 so that reciprocable movement of the 
rack is translated into oscillatory movement of the shaft. 
The shaft 142 having an enlarged portion 143, which fits 
into a recess 144 in an enlarged dependent portion 145 of 
the base plate 44 of the chute 36, is mounted rotatably in 
bushings i47-147, one of which is mounted in the base 
plate 44 of the chute 36 and the other in a spacer 148 
secured to the base plate. 
The sorting chute 41 is mounted on a support bracket 

149, one end of which fits into the space formed between 
the base plate 44 and the spacer 148. Since the shaft 
42 is also keyed to the support bracket 49 of the sort 
ing chute 41, the oscillatory movement of the pinion gear 
14 produces corresponding pivotable movement of the 
sorting chute 41. The linear movement of the piston ele 
ment i9 relative to the respective outlet ports 1 to 
117, inclusive, is, therefore, translated by means of the 
piston Tod 118, the rack 138, the pinion gear 141 and the 
shaft 142 into corresponding pivotable movement of the 
sorting chute 41. The free end of the sorting chute 41 
then moves along a circular arc to a position determined 
by the equilibrium position of the piston element 119. 
A plurality of receiving chutes 15 to 157 (FIG. 1) 

inclusive, each associated with one discrete position of 
the sorting chute 41, are spaced upon a support frame 158 
along the arc of pivoting of the free end of the sorting 
chute 41. The spacing is such that, when the piston ele 
ment 119 is in overlapping relationship with one of the 
outlet ports 11 to 117, inclusive, the sorting chute 41 is 
in alignment with one of the receiving chutes 152 to 57, 
associated with that outlet port. 

Each of the receiving chutes 151 to 57, inclusive, 
is designed, when aligned with the sorting chute 41, to 
(receive only one selected grade of the receiver magnets 
22-22, i.e. only the receiver magnets 22-22 having one 
selected range of bottom thicknesses. For example, the 
receiving chute 151 associated with the outlet port 11. 
is designed to receive the receiver magnets 22-22 having 
"oversize' thicknesses of the bottoms 24-24 thereof, 
i.e. thicknesses in excess of (t). The receiving chutes 
152 to 156, inclusive, associated each with one of the 
outlet ports 112 to 117, inclusive, respectively, are each 
designed to receive only one regular grade of the receiver 
magnets 22-22. The receiving chute 157 is designed to 
receive all "undersize' receiver magnets 22-22, i.e. re 
ceiver magnets having bottoms 24-24, the thickness of 
which is equal to or less than (t-5d). 

Sensing Mechanism 
The sensing mechanism 34 (FIGS. 1, 4 and 5) of the 

Sorting mechanism 32 includes an elongated actuator 
rod 161 mounted slidably in a plurality of bearing sup 
ports 162-162 and bearing supports 163-163 which are 
mounted on the top plate 38 to the left of the chute 36. 
The actuator rod 161 is mounted coaxially of the aper 
tures 48 and 49 in the side plates 42 and 43, respectively, 
in Such a manner that the nose 78 of the gauging element 
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76 may strike the actuator rod 61 during a gauging op 
eration and push the actuator rod axially thereof from 
right to left, as viewed in FiGS. 1, 4 and 5. 
A pair of stop collars 164 and 166, mounted adjust 

ably on the actuator rod 161 are positioned to limit the 
axial movement of the actuator rod in either direction. 
The stop collar 64 is adjusted to allow the gauging ele 
ment 76 to contact and actuate the actuator rod 16. 
when the shoulder 79 of the gauging element 76 reaches 
a position removed from the face 54 of the anvil plate 5i 
a distance slightly greater than (t), to insure a desired 
degree of pretravel of the actuator rod. The stop coliar 
166 is adjusted to allow a similar degree of overtravel 
of the actuator rod iói when the shoulder 79 of the 
gauging element 76 moves beyond a position removed a 
distance (t-5d) from the face 54 of the anvil plate 5. 
A compression spring 67, mounted axially about the ac 
tuator rod 61 between the collar 64 and the bearing 
support 62, urges the actuator red from left to right as 
viewed in FIGS. 1, 4 and 5, into a normal position shown 
in FIGS. 1 and 4, whereat the stop collar 54 abuts the 
bearing support 62 adjacent thereto. 
A plurality of single-pole, double-throw, snap-action. 

precision switches 72 to 177, inclusive, for example, pin 
plunger switches, class Z, type BZ-R19, manufactured 
by the Micro Switch, a Division of Minneapolis-Honey 
well Regulator Company, Freeport, Illinois, are mounted 
ton opposite sides of each of the bearing supports 63 
163 in parallel relationship to the actuator rod 61. Each 
of the switches 172 to 177, inclusive, is provided with 
normally closed and normally open contacts and with indi 
vidual pin plungers 178-178 (FIGS. 4 and 5). The pin 
plungers 178-178 are designed, upon being pushed in 
Wardly of the switches, to actuate the associated switches 
172 to 77, inclusive, to open the normally closed contacts 
and to close the noriinally open contacts of the respective 
switches. The switches 172 to 177, inclusive, are so con 
structed that any one of the switches is actuated only 
when the individual pin plungers 178-78 associated 
therewith move inwardly thereof a precise, predetermined 
distance, which is preferably the same for all the switches. 
A plurality of transversely extending bracket plates 
79-79 are mounted adjustably on the actuator rod 262 

for reciprocating movement therewith. A plurality of 
finely threaded actuator lugs 182 to 187, inclusive, are 
mounted in pairs at the opposite ends of each of the 
bracket plates 179-79 in precise, axial alignment with 
the respective pin plungers 178-178 of the respective 
switches 72 to 177, inclusive. The bracket plates 179 
179 are adjustable axially of the actuator rod 62 relative 
to the switches 172 to 177, inclusive, to provide for a 
(coarse, preliminary setting of the actuator lugs 132 to 
187, inclusive, relative to the respective pin plungers 
78-78. 
The actuator lugs 182 to 187, inclusive, are, further, 

individually precision adjustable axially of the correspond 
ing pin plungers 78-178 of the respective switches 72 
to 177, inclusive, to provide for a final accurate setting 
of the respective actuator lugs relative to the associated 
pin plungers. The actuator lugs 182 to 187, inclusive, are 
preset to contact and actuate the associated pin plungers 
178-178 consecutively at predetermined intervals during 
the axial movement of the actuator rod 161 from right to 
left as viewed in FIG. 5. In this particular example, the 
actuator lugs 182 to 187, inclusive, are preset to actuate 
the respective switches 172 to 177, inclusive, respectively, 
precisely when the shoulder 79 of the gauging element 76 
reaches positions relative to the face 54 of the anvil plate 
51, corresponding to the upper limits of each consecutive 
grade, with the exception of the oversize grade. For ex 
ample, the switch 172 is actuated when the shoulder 79 of 
the gauging element 76 reaches a position removed a dis 
tance (t) from the face 54 of the anvil plate 51. Simi 
arly, the switches 73, 174, 175, 76 and 77 will be actu 
ated when the shoulder 79 of the gauging element reaches 
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3 
successively the positions (t-d), 
(t-4d) and (t-5d), respectively. 
The switches 172 to 177, inclusive, are connected to 

each other electrically in series, in the normally closed 
position, as is shown in the electrical circuit diagram 
illustrated in FIG. 8. A relay 19 is connected to a 
normally closed contact of the switch. 72, and relays 
192 to 197, inclusive, are connected to the normally 
open contacts of the switches 72 to 177, inclusive, re 
spectively. Relays 19 to 97, inclusive, upon energiza 
tion, lock themselves through their normally open coil 
tacts 20 to 207, inclusive, and close their normally open 
contacts 211 to 217, inclusive, to energize the associated 
solenoids 131 to 137, inclusive, respectively. 
The switch 177 is also connected in series electrically 

to the normally open pressure switch 95 so that all of 
the switches 172 to 177, inclusive, are connected in series 
with the pressure switch. Accordingly, so long as the 
pressure switch 95 remains open, even assuming that a 
main switch 218 (FIG. 8) is closed, none of the relays 
191 to 197, inclusive, will be energized. When the pres 
sure switch 95 is closed and none of the switches 72 to 
177, inclusive, are actuated, for example, during the gaug 
ing of oversize receiver magnets 22-22, the relay 191 will 
be energized, causing energization of the associated sole 
noid 131 of the valve 2i. Energization of the solenoid 
131 results in the opening of the outlet port 11, the linear 
movement of the piston element 19, in alignment with 
the outlet port Eii, and the corresponding pivotable move 
ment of the sorting chute 4 in alignment with the receiv 
ing chute 15. 
When one or more of the switches 172 to 77, inclusive, 

are actuated serially, beginning with the switch 172, the 
normally closed contact of each actuated switch is open 
and a normally open contact thereof is closed so that 
each actuated switch breaks the original Series circuit and 
connects the remaining unactuated Switches with relays 
associated with the actuated switches. Accordingly, only 
the relay associated with the last-actuated switch will be 
connected in series with the remaining unactuated switches 
and the pressure switch 95, resulting in actuation of the 
solenoid associated with the last-actuated switch and align 
ment of the sorting chute 4 with the respective receiving 
chute, depending on which of the switches 172 to 177, 
inclusive, was actuated last during the gauging operation. 

(t-2d), (t-3d), 

Operation 
For the purposes of description, it is assumed that the 

Imain switch 28 of the electrical control circuit shown in 
FIG. 8 is closed. It is also assumed that there are no re 
ceiver magnets 22-22 in the chute 36. Therefore, the de 
tector element 69 is in its extended position above the sur 
face 47 of the track 46, so that the detector switch 73 is 
open. The piston rod 84 of the air cylinder 83, and there 
fore, gauging element 76 are in the retracted position 
shown in FIGS. 1 and 4. The threaded rod 160 of the trip 
arm 97 is so adjusted that, when the piston rod 84 is in the 
retracted position, the plunger 101 is actuated by the 
threaded rod, so that the switch 102 is closed. The normal 
ly open switch i94 is open at this time, and therefore, the 
solenoid 68 of the escapement mechanism 58 is deemer 
gized. Accordingly, the plunger 67 of the escapement 
mechanism 58 is in its retracted position so that the detent 
pin 59 is retracted and the detent pin 6 is extended. 

It is also assumed that during the preceding gauging 
operation, the switches 72 to 174, inclusive, were actu 
ated and, when the pressure switch 95 was actuated, a 
circuit of the relay i94 was completed through the switches 
177 to 74, inclusive, resulting in energization of the 
relay 94, closing of the contacts 204 and 2i4 thereof 
and energization of the soleiloid 434. The energization 
of the solenoid 34, in turn, resulted in actuation of the 
valve 124, opening of the outlet port 114 and positioning 
of the piston valve i9 in overlapping relationship to the 
outlet port i4, so that the sorting chute 41 is now aligned 
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with the receiving chute 54. The relay 194 and the 
solenoid 134 will continue to be energized and, therefore, 
the outlet 114 will continue to be open, as long as the 
main switch 218 and the normally closed switch 06, which 
is provided to reset in the beginning of the operation any 
one of the relays 191 to 197, inclusive, energized during 
the preceding gauging operation, are kept closed. Since 
the gauging element 76 is in its retracted position, the 
actuator rod 161, carrying the bracket plates i79-179, 
is urged by the spring 167 into the retracted position from 
left to right, as viewed in FIGS. 1, 4 and 5, so that the 
stop collar 164 abuts the bearing support 62 thereby pre 
venting any further rightward movement of the actuator 
rod. In this position of the actuator rod 16i, none of 
the actuator lugs 182 to 187, inclusive, actuate any of 
the switches 172 to 177, inclusive, respectively. 
A plurality of the receiver magnets 22-22, to be 

gauged and sorted into respective grades, are now deliv 
ered into the chute 36 either manually by an operator or 
by suitable, automatic delivery means (not shown). The 
receiver magnets 22-22 are placed in the chute 36 in such 
a manner that the outer face 28 of the bottom 24 of each 
of the receiver magnets abuts the side plate 43, as shown 
in FIGS. 1, 3, 4 and 5. Since the detent pin 6 of the 
escapement mechanism 58 is in its extended position 
shown in FIG. 3, the lowermost of the receiver magnets 
22-22 in the chute 36 is aligned axially with the aper 
tures 48 and 49 in the side plates 42 and 43, respectively, 
of the chute 36, with the gauging element 76, and with 
the actuator rod 61. The lowermost of the receiver mag 
nets 22-22 depresses the detector element 69 below the 
surface 47 of the track 45 whereby the detector switch 73 
is closed. 

Since, at this time, the normally-open switch 02 in the 
circuit of the advance solenoid 93 of the valve 86 associ 
ated with the air cylinder 83 is also closed, the advance 
solenoid 93 is energized upon closing of the detector 
switch 73 to actuate the valve 86, so that the fluid, deliv 
ered through the fluid line 87 into the air cylinder 83, 
forces the piston rod 34 from the retracted position (FIGS. 
i and 4) toward an extended position (FIG. 5), whereby 
the piston rod moves the gauging element 76 therewith 
toward its extended gauging position shown in FIG. 5. 
juring the movement of the piston rod 84 from the re 
tracted position, the reduced portion 98 of the trip arm 
97 actuates the one-way actuating arm 105 of the normally 
closed switch i06, opening momentarily the latter, which 
results in deemergization of the previously energized relay 
194. Peenergization of the relay 194 results in opening 
of the contacts 264 and 214 thereof, which, in turn, re 
sults in deenergization of the solenoid 134. Deenergiza 
tion of the solenoid 34 results in closing of the valve 124 
and, therefore, of the outlet port i14, so that all of the 
outlet ports i to 1:7, inclusive, are now closed. 
The gauging element 76, during its movement from the 

retracted toward the extended position, passes through 
the guide bushing 82 mounted in the aperture 48 in the 
side plate 42 of the chute 35 so that the shoulder 79 of 
the gauging element comes in contact with the inner face 
27 of the lowermost of the receiver magnets 22-22 re 
tained in gauging position in the chute 36 by the detent 
pin 31 of the escapement mechanism 58. The reduced 
nose portion 78 of the gauging element 76 moves through 
the aperture 48 in the side plate 42, the aperture 26 in the 
receiver magnet 22 being gauged, the aperture 52 in the 
anvil piate 51, the aperture 49 in the side plate 43, and 
noves adjacent to the actuating rod 161. 

If it is assumed that the receiver magnet 22 being 
gauged has a thickness of the bottorn 24 thereof equal to 
(t), the nose portion 78 of the gauging element will move 
into contact with the actuator rod 161 so that the gauging 
element 75 will push the actuator rod ió and all of the 
bracket plates 179-179, carrying the actuator lugs 182 
to 187, inclusive, from right to left, as viewed in FIGS. 1 
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and 4, until the shoulder 79 of the gauging element 76 
engages the inner face 27 of the receiver magnet 22 held 
against the face 54 of the anvil plate 51 so that the shoul 
der 79 is spaced a distance (t) from the face 54. When 
the gauging element 76 reaches this position, the actuator 
lug 82 has exerted sufficient pressure upon the pin plunger 
178 associated with the switch 172 to open the normally 
closed contact and to close the normally open contact 
thereof, so that the relay i9 is disconnected and the 
relay 92 is connected in series to the normally open pres 
Sure Switch95. 

Since the air under pressure continues to be supplied 
from the source of supply 89, the piston rod 84 is contin 
ued to be urged in the direction from right to left as shown 
in FIG. 5, and therefore, urges the gauging element 76 
against the inner face 27 of the receiver magnet 22. As 
a result, there is a build-up of the fluid pressure in the 
fluid line 87, which is transmitted through the line 96 to 
the pressure switch 95, causing the pressure switch to be 
closed, thereby completing the circuit through the Switches 
177 to 72, inclusive, and through the relay 192. The 
relay 192 then locks itself through its normally open con 
tact 202, and simultaneously closes its normally open con 
tact 212 in the circuit of the solenoid 132 of the valve 22, 
to energize the solenoid 32 so that the valve 122 opens 
the outlet port 2. 

Because of the now open outlet port 112, the pressures 
on opposite sides of the piston element 119 are unbalanced 
and the piston element begins to move in the direction of 
the lower of the pressures, from the position originally 
occupied thereby in front of the outlet port 114 to the 
outlet port 112, until the piston element closes overlap 
pingly the outlet port 32 and the pressures on both sides 
of the piston element are again balanced. The movement 
of the piston element 19 is, in turn, translated into rotary 
movement of the sorting chute 41, which moves into align 
ment with the receiving chute 52, designed to receive the 
receiver magnets 22-22 having thicknesses of the bottoms 
24-24 thereof falling into a range of dimensions between 
(t) and (t-d), exclusive of (t-d). The chute 36, there 
fore, is now connected by means of the sorting chute 4 
with the receiving chute 152. 

Simultaneously, with the completion of the circuit of 
the switch 172, the pressure switch 95 completes a circuit 
of the retract solenoid 94, which operates the valve 86 of 
the air cylinder 83 to reverse the operation of the air 
cylinder 33 so as to withdraw the gauging element 76 
from the extended gauging position. During the move 
ment of the piston rod 84 into the retracted position, the 
enlarged portion 99 of the trip arm 97 operates the one 
way actuating arm 83 of the normally open switch iO4 to 
momentarily close the latter whereby the solenoid 68 of 
the escapement mechanism 58 is energized. 

Upon energization of the solenoid 68, the detent pin 
6 moves below the surface 47 of the track 45, allowing 
the gauged receiver magnet 22 to roll down the chute 36. 
Simultaneously, the detent pin 59 moves above the surface 
47 of the track 46, preventing the remainder of the re 
ceiver magnets 22-22 in the chute 36 from rolling down 
the chute 36, so that only the gauged receiver magnet is 
allowed to roll down the chute 36 into the sorting chute 
41, and thence through the receiving chute 52, now 
aligned with the sorting chute 41, into a tote box (not 
shown) associated therewith. 

Since the switch 104 associated with the solenoid 68 
of the escapement mechanism 58 was operated only mo 
mentarily, the solenoid 68 is deemergized again so that the 
plunger 67 and, therefore, the detent pins 59 and 61 
return to their normal positions shown in Fig. 3. Ac 
cordingly, the next of the receiver magnets 22-22, which 
was previously in contact with the pin 59, roils down 
into the gauging position in abutment with the pin 61. 
This receiver magnet 22 depresses the detector element 
69 to actuate the actuating arm 72 of the normally open 
detector switch 73, so as to close the latter. Meanwhile, 
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the piston rod 84 of the air cylinder 83 continues to move 
to its retracted position, so that the threaded rod 60 on 
the trip arrin 97 again closes the switch. ii.2, completing 
the circuit through the advance solenoid 93. At this time, 
the gauging operation of the next receiver magnet 22, 
retained by the detent pin 61 of the escapement mecha 
nism 58 in the gauging position, can start anew. 
Assuming that this time a receiver magnet 22 having 

a thickness cf the flange 24 equal to (t-4d) is to be 
gauged, the piston rod 84 of the air cylinder 83 begins to 
move the gauging element 75 from the retracted to the 
extended position thereof. During this movement, the 
switch 106 is momentarily operated, opening the previously 
closed contacts 202 and 212 of the relay i92 and, there 
fore, deemergizing the solenoid 32 so as to cause closing 
of the outlet port fi2. The gauging element 75 then, 
while being advanced, again moves the actuator rod ió: to 
actuate by means of the actuator lugs 182 to 86, inclusive, 
of the switches 272 to 176 (FIG. 5), inclusive, associ 
ated therewith so as to open the normally closed contact 
and to close the normally open contacts of the respective 
switches. The pressure switch 95 is then closed in a man 
ner similar to that described for the previous receiver 
magnet 22, to complete the circuit through the switches 
77 to 76. 
Since the Switch i75, and all the preceding switches 

74, 173 and 72, are now disconnected from the pres 
Sure switch 95 because the circuit between each previously 
actuated switch was broken when the normally open con 
tact of each consecutive switch was closed, only the relay 
i96 associated with the switch 176 will be energized. The 
relay 96 then closes its contacts 206 and 236, and ener 
gizes the solenoid 36 of the valve i26, which results in 
opening of the outlet port ió of the air cylinder 83. 
The opening of the outlet port 116 again results in an 

unbalance of pressures acting on the piston element 19 
which is now initially in alignment with the outlet E12 
because of the previous cycle. The piston element 19 
now moves into alignment with the outlet 6 whereby the 
pressures on both sides of the piston element are balanced 
again. The movement of the piston element 119 results 
in the movement of the sorting chute 41 from its previous 
position in alignment with the receiving chute 152 into a 
new position in alignment with the receiving chute A55, 
designed to receive receiver magnets 22-22 having thick 
nesses of the bottoms 24-24 thereof falling into a range 
between (t-4d) and (t-5d) but exclusive of (t-5d). 

Because the circuit of the retract solenoid 94 is also 
completed by the pressure switch 95, the gauging element 
76 is retracted, and switches 162 and 164 are actuated 
again. The escapement mechanism 58 is then operated 
again in the Inanner previously described so that the 
gauging operation will again take place on the next suc 
cessive receiver magnet 22 in a manner similar to that 
described hereinabove. 

it is obvious that, should there be more than one con 
secutive receiver magnets 22-22 having bottoms 24-24 
thereof the thicknesses of which fall into a range of 
dimensions incorporated by one grade thereof, the piston 
element iÉ9 and, therefore, the sorting chute 4.g. will re 
main in the same position, although the gauging mecha 
nism 3i, the sensing mechanism 34 and the respective 
Solenoids and associated valves of the selecting mecha 
nisin 33 will go through their respective movements. 
Now it is assumed that a receiver magnet 22 next to 

be gauged has a bottom 24, the thickness of which is 
greater than (t), i.e. that the receiver magnet 22 to be 
gauged is an oversize receiver magnet. The gauging op 

- eration will then begin similarly to the gauging operation 
described hereinabove with respect to the preceding re 
ceiver magnets 22-22. During the gauging of oversize 
Ireceiver magnets 22-22, the actuator rod 2.5i might or 
night not be moved at all, so that none of the switches 
if2 to 77, inclusive, are operated, depending on the final 
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gauging position of the shoulder 79 of the gauging element 
76 relative to the exposed face 54 of the anvil plate 5i. 
The pressure switch 95 is then actuated, as described 

hereinabove with respect to the preceding receiver mag 
nets 22-22, to complete the circuit of the relay i9. 
through all of the switches 177 to 72, inclusive. Ener 
gization of the relay 91 results in energization of the 
solenoid 31, opening of the outlet port Eii, and move 
ment of the piston element 9 from the previous posi 
tion occupied thereby, in alignment with one of the 
outlet ports as to 17, inclusive, such as outlet port 
i6, to a new position in alignment with the outlet port 
11. Movement of the piston element 19 results in the 
movement of the sorting chute 41 from a previous posi 
tion in alignment with the chute 256, into a new position 
in alignment with the chute 55, associated with receiver 
magnets 22-22 having oversize thicknesses of the 
bottons 24-24 thereof. 

Similarly, if any of the receiver magnets 22-22 being 
gauged have bottons 24-24, thicknesses of which are 
equal to or less than (t-5d), i.e. are "undersize,” all of 
the switches 172 to 177, inclusive, will be actuated. 
Should the thickness of the bottom 24 of a receiver mag 
net be equal to or infinitesimally less than (t-5d), the 
pressure switch 95 will complete in the usual way, de 
scribed hereinabove, the circuit of the relay 97, which 
will result in alignment of the sorting chute 41 with the 
receiving chute 57 designed to receive the receiver mag 
nets 22-22 having bottoms 24-24, thicknesses of which 
are equal to, or even less than, (t-5d). Should the 
"undersize" thickness of the bottom 24 of a receiver mag 
net 22 be such that the shoulder 79 of the gauging element 
76 will fail to engage the inner face 27 of the receiver 
magnet 22 being gauged, the gauging element will tend 
to urge the actuator rod 6i from right to left so as to 
tend to bring the shoulder 79 of the gauging element 75 
into engagement with the inner face 27 of the receiver 
magnet 22 being gauged. However, the stop collar 66 is 
so adjusted as to allow only a relatively small overtravel 
of the actuator rod 161 beyond a position corresponding 
to a (f-5d) position of the shoulder 79 relative to the 
face 54 of the anvil plate 51 to prevent damage to the 
switches 172 to 177, inclusive. Accordingly, the stop 
collar 166 will resist any further axial movement from 
right to left of the actuator rod A61, and therefore, of 
the gauging element 76, so that the pressure switch 95 
will be actuated, completing the circuit of the relay 197. 
The gauging operation will be repeated for various re 

ceiver magnets 22-22 until the supply of the receiver 
magnets 22-22 is exhausted so that the detector element 
69 remains in its extended position and, therefore, the 
detector switch 73 remains open causing interruption of 
the circuit of the advance solenoid 93. The gauging op 
eration can be started again by inserting a new supply 
of the receiver magnets 22-22 into the chute 36 to de 
press the detector element 69. 
The operator, by observing the relative number of the 

gauged receiver magnets 22-22 in a certain grade there 
of, may determine whether the manufacturing tool needs 
adjustment, and the direction and magnitude of any nec 
essary adjustment, so as to maintain a desired quality 
control. The receiver magnets 22-22 may then be re 
finished, if necessary, to the desired dimension, or may 
be used with nating parts of telephone receivers having 
complementary dimensions to produce a substantially per 
fectly interfitting telephone receiver assembly. 

It is manifest that the above-described arrangements are 
simply illustrative of the principles of the invention. 
Other arrangements may be devised by those skilled in 
the art which will embody the principles of the invention 
and fall within the spirit and scope thereof. 
What is claimed is: - 
1. Apparatus for gauging a dimension of each of a 

series of articles and for sorting the articles into a number 
of grades according to the respective gauged dimensions 
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of the articles, which comprises a gauging element posi 
tioned at a gauging station and movable intermittently into 
and out of engagement with an article thereat, movable 
guide means for directing the gauged articles individually 
from the gauging element to a plurality of locations, each 
location corresponding to one grade of the articles, a fluid 
cylinder having a movable piston, said piston being con 
nected operatively to the guide means whereby movement 
of the piston causes corresponding movement of the guide 
means, means tending to maintain an equilibrium of 
pressures on cpposite sides of the piston so as to tend to 
hold the piston stationary, a plurality of means operable 
selectively for tending to unbalance said equilibrium of 
pressures so as to tend to force the piston in a direction of 
the lower of the unbalanced pressures until the equilibri 
um of pressures is restored, a plurality of electrical 
switches, an electrical control circuit interconnecting said 
switches with individual of said unbalancing means, an 
actuator rod arranged for movement by the gauging ele 
ment as the latter moves into engagement with the article 
to be gauged, and a plurality of switch-actuating members 
mounted fixedly on the actuator rod for cooperation with 
corresponding ones of said switches, said switches and 
said switch-actuating members being arranged so that the 
switches are actuated in a predetermined sequence for 
operating selectively one of said unbalancing means, the 
number of switches actuated during the gauging of an ar 
ticle depending on the dimension of said article gauged and 
determining the selection of the unbalancing means to be 
operated, so that said guide means is being moved by 
said piston upon operation of the selected unbalancing 
means to direct the gauged articles from the gauging 
means to a location designated for receiving the grade of 
articles including the gauged dimension. 

2. Apparatus for gauging a dimension of each of a 
series of articles and for sorting the articles into a num 
ber of grades according to the respective gauged dimen 
sions of the articles, which comprises means for feeding 
articles serially to a gauging station, a gauging element 
positioned at the gauging station and movable intermit 
tently into and out of engagement with successive articles, 
means for discharging an article from the gauging station 
after a gauging operation thereon, a plurality of recep 
tacies for receiving the different grades of articles, mov 
able guide means for directing an article from the gaug 
ing station to a selected one of the receptacles, a fluid cyl 
inder having a movable piston, means operatively con 
necting the guide means to the piston whereby movement 
of the piston causes corresponding movement of the guide 
means, said cylinder also having a pair of primary ports, 
one adjacent to each end thereof, and a plurality of Sec 
ondary ports spaced intermediate of the primary ports 
and along the length of the cylinder, fluid supply means 
communicating with the primary ports for tending to main 
tain a balance of pressures on opposite sides of the piston 
so as to tend to hold the piston stationary, individual 
valve means connected to each of the ports for selectively 
opening their respective ports to a pressure lower than 
the pressure of said fluid supply means so that the piston 
is forced to occupy a position covering the open secondary 
port, a plurality of electrical switches, an electrical con 
trol circuit interconnecting said switches and the individ 
ual valve means, an actuator rod arranged for movement 
by the gauging element as the latter moves into engage 
ment with the article to be gauged, and a plurality of 
switch-actuating members mounted fixedly on the actuator 
rod for cooperation with corresponding ones of Said 
switches, said switches and switch-actuating members be 
ing arranged so that the switches are actuated in a pre 
determined sequence, the number of switches actuated 
during the movement of the actuator rod by the gauging 
element depending upon the dimension of the article being 
gauged and determining the selection of the valve means 
to be operated so that said guide means is moved by said 
piston upon operation of the selected valve means to di 
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4. 
rect the gauged article from said gauging station to the 
receptacle designated for receiving the grade of articles 
including the gauged dimension. 

3. Apparatus for gauging the thickness of the botton 
of each of a series of cup-shaped articles each having 
a central aperture therethrough and for sorting the articles 
into a number of grades according to the respective gauged 
thicknesses, which comprises an elongated gauging ele 
ment positioned at a gauging station and movable re 
ciprocably into and out of engagement with the bottom 
of an article positioned thereat, said gauging element 
having a reduced leading end portion thereof designed to 
pass through the central aperture in the bottom of said 
article during the gauging, said gauging element also hav 
ing a shoulder formed between the body thereof and the 
reduced portion, means for moving said gauging element 
reciprocably relative to the gauging station, a plurality of 
receptacles for receiving the different grades of articles, a 
sorting chute piyotable into a plurality of positions for 
delivering in a selected position the gauged article from 
the gauging station to a selected one cf said receptacles, 
a fluid cylinder having a movable piston, means mechani 
cally connecting the sorting chute to the piston whereby 
movement of the piston causes corresponding movement 
of the sorting chute, said cylinder also having a pair of 
primary ports, one adjacent to each end thereof, and a 
plurality of secondary ports spaced uniformly intermedi 
ate of the primary ports and along the length of the 
cylinder, fluid supply means communicating with the 
primary ports for tending to maintain an equilibrium of 
pressures on opposite sides of the piston so as to tend to 
hold the piston stationary, individual solenoid-operated 
valve means connected to each of the secondary ports and 
actuatable for selectively opening the respective secondary 
port to a pressure lower than the pressure of said fluid 
supply means so that the piston is forced to occupy a 
position covering the open secondary port, a plurality of 
sensitive electrical switches, individual switches being as 
sociated with corresponding valve means, an actuator rod 
mounted slidably axially of said gauging element and ad 
jacent to the switches, means for resiliently urging said 
actuator rod into a position whereat said actuator rod is 
normally contacted by the reduced portion of the gaug 
ing element as the shoulder thereof is moved into engage 
ment with the article being gauged, the total axial move 
ment of the actuator rod being related directly to the 
thickness of the bottom of the article, a plurality of 
Switch-actuating lugs mounted fixedly on said actuator 
rod for cooperation with corresponding ones of said 
Switches, said switches and switch-actuating lugs being 
arranged so that the switches are actuated during the 
movement of the actuator rod in a predetermined se 
quence, the number of switches actuated during the move 
ment of the actuator rod by the gauging element is de 
pendent upon the thickness of the bottom of the article 
being gauged, and an electrical control circuit intercon 
necting Said switches for actuating said valve means indi 
vidually, the circuit being arranged to actuate only the 
valve means associated with the switch last to be actuated 
guring the gauging of the article so as to cause pivotable 
movement of the sorting chute to a position whereat said 
gauged article is directed to a receptacle designated for 
receiving the grade of articles including the gauged thick 
cSS. 

4. Apparatus for gauging the thickness of the bottom 
of each of a Series of cup-shaped articles having central 
apertures therethrough and for sorting the articles into a 
number of grades according to the respective gauged 
thicknesses, which comprises an apertured anvil member 
positioned at a gauging station and provided with a refer 
ence Surface for supporting an article, an axially movable, 
elongated gauging element positioned at the gauging sta 
tion coaxially with respect to the aperture in the anvil 
member, said gauging element having a reduced end por 
tion designed to move through the central aperture in the 
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bottom of an article and the aperture in the anvil mem 
ber during the gauging, said gauging element also having 
a shoulder formed between the body thereof and the 
reduced end portion, means for moving said gauging ele 
ment toward the anvil member so that said shouider is 
moved into engagement with the bottom of the article 
and urges the article against said reference surface, a plu 
rality of receptacles for receiving the different grades of 
articles, a pivotable sorting chute for delivering the 
gauged article to a selected one of said receptacles, means 
for pivoting said sorting chute between positions whereat 
Said sorting chute delivers the gauged articles to a selected 
one of Said receptacles, a plurality of means individually 
energizable for controlling said pivoting means, a plu 
rality of sensitive electrical switches, individual switches 
being associated with corresponding control means, an 
actuator rod mounted siidably axially of said gauging 
element and adjacent to the switches, means for resiliently 
urging said actuator rod into contact with the reduced 
portion of the gauging element as the shoulder thereon 
is moved into engagement with the article being gauged, 
the gauging element causing axial movement of the actu. 
ator rod by an amount dependent on the thickness of the 
bottom of the article, a plurality of switch-actuating lugs 
mounted fixedly on said actuator rod for cooperation with 
corresponding ones of said switches, said switches and 
switch-actuator lugs being arranged so that the switches 
are actuatable in a predetermined sequence during the 
gauging of an article, the number of switches actuated 
during the movement of the actuator rod by the gauging 
element being dependent upon the thickness of the bottom 
of the article being gauged, an electrical control circuit 
interconnecting said switches so that each consecutively 
actuated Switch in said sequence renders the circuit of 
each precedingly actuated switch ineffective, and pressure 
Sensitive means responsive to the pressure exerted by 
said gauging element on said article for completing the 
circuit of a switch actuated last by said switch-actuating 
lugs during the gauging of the article to energize the 
control means associated with said last-actuated switch 
So as to pivot said sorting chute into a position whereat 
Said gauged article is directed to a receptacle designated 
fer receiving the grade of articies including the gauged 
thickness of the bottom thereof. 

5. Apparatus for gauging the thickness of the bottom 
of each of a series of cup-shaped articles having central 
apertures therethrough and for sorting the articles into 
a number of grades according to the respective gauged 
thicknesses, which comprises an apertured anvil member 
positioned at a gauging station and provided with a refer 
ence Surface for supporting an article, an axially movable, 
elongated gauging element positioned at the gauging 
Station coaxially with respect to the aperture in the anvi 
member, said gauging element having a reduced end 
portion designed to move through the central aperture in 
the bottom of an article and the aperture in the anvil 
member during the gauging of the article, said gauging 
element also having a shoulder formed between the body 
thereof and the reduced end portion, means for moving 
said gauging element toward the anvil member so that 
said shoulder is moved into engagement with the bottom 
of the article and urges the article against said reference 
Surface, a plurality of receptacles for receiving the differ 
ent grades of articles, a pivotable sorting chute for de 
livering the gauged article to a selected one of said re 
ceptacles, a fluid cylinder having a movable piston, means 
mechanically connecting the sorting chute to the piston 
whereby movement of the piston causes corresponding 
movement of the sorting chute, said cylinder also having 
a pair of primary ports, one adjacent to each end thereof, 
and a plurality of secondary ports spaced uniformly in 
termediate of the primary ports and along the length of 
the cylinder, fluid supply means communicating with the 
primary ports for tending to maintain an equilibrium of 
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6 
to hold the piston stationary, a plurality of solenoid 
operated valves, each valve being connected to a cor 
responding one of the secondary ports and actuatable 
for selectively opening the respective secondary port to 
a pressure lower than the pressure of said fluid supply 
means so that the piston is forced to occupy a position 
covering the open secondary port, a plurality of sensitive 
electrical switches, individual switches being associated 
with corresponding individual valves, an actuator rod 
mounted slidably axially of said gauging element and 
adjacent to the switches, means for resiliently urging said 
actuator rod into contact with the reduced portion of 
the gauging element as the shoulder thereon is moved 
into engagement with the article being gauged, the gaug 
ing eleinent causing axial movement of the actuator rod 
by an amount dependent on the thickness of the bottom 
of the article, a plurality of switch-actuating lugs mounted 
fixedly on said actuator rod for cooperation with corre 
sponding ones of said switches, said switches and switch 
actuator lugs being arranged so that the switches are 
actuatable in a predetermined sequence during the gaug 
ing of an article, the number of switches actuated during 
the movement of the actuator rod by the gauging element 
being dependent upon the thickness of the bottom of the 
article being gauged, an electrical control circuit inter 
connecting said switches so that each consecutively actu 
ated switch in said sequence renders the circuit of each 
precedingly actuated Switch ineffective, and pressure sensi 
tive means in said control circuit responsive to the pres 
sure exerted by said gauging element on said article for 
completing the circuit of a switch actuated last by said 
Switch-actuating lugs during the gauging of the article 
to energize the selected one of said valves associated with 
Said last-actuated switch so as to cause said sorting chute 
to pivot into a position whereat said gauged article is 
directed to a receptacle designated for receiving the grade 
including the gauged thickness. 

6. Apparatus for gauging the thickness of the bottom 
of each of a series of cup-shaped articles each having a 
central aperture therethrough and for sorting the articles 
into a number of grades according to the respective 
gauged thicknesses, which comprises an elongated gaug 
ing element positioned at a gauging station and movable 
reciprocably into and out of engagement with an article 
positioned thereat, said gauging element having a reduced 
leading end portion thereof designed to pass through the 
central aperture in the bottom of said article during the 
gauging, said gauging element also having a shoulder 
formed between the body thereof and the reduced por 
tion, means for moving said gauging element toward the 
gauging station so that the reduced nose portion moves 
through the central aperture of the article and said shoul 
der is moved into engagement with the bottom of the 
article, the length of movement of the gauging element 
being directly proportional to the thickness of the bottom 
of the article, movable guide means for directing the 
article after gauging to any one of a plurality of receiving 
locations, and means responsive to the advancement of 
the reduced end portion of the gauging element as the 
shoulder thereof is moved into engagement with the 
article for moving the guide means in accordance with 
the length of travel of the gauging element to direct the 
gauged article to a selected one of the receiving loca 
tions designated to receive the grade of articles including 
the gauged thickness. 

7. Apparatus for gauging the thickness of the bottom 
of each of a series of cup-shaped articles each having a 
central aperture therethrough and for sorting the articles 
into a number of grades according to the respective 
gauged thicknesses, which comprises an elongated gaug 
ing element positioned at a gauging station and movable 
reciprocably into and out of engagement with an article 
positioned thereat, said gauging element having a reduced 
leading end portion thereof designed to pass through the 
central aperture in the bottom of said article during the 
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gauging, said gauging element also having a shoulder 
formed between the body thereof and the reduced por 
tion, means for moving said gauging element toward the 
gauging station so that the reduced nose portion moves 
through the central aperture of the article and said shoul 
der is moved into engagement with the bottom of the 
article, the length of movement of the gauging element 
being directly proportional to the thickness of the bottom 
of the article, movable guide means for directing the arti 
cle after gauging to any one of a plurality of receiving 
locations, a fluid-operated driver operable for moving 
the guide means to direct the gauged article to a selected 
one of the receiving locations, valve means for operating 
the driver to control the degree of movement of the 
guide means, and control means actuatable by the re 
duced end portion of the gauging element as the shoulder 
thereof moves into engagement with the article for con 
trolling the valve means in accordance with the length 
of travel of the gauging element so that the gauged article 
is directed to a receiving location, designated to receive 
the grade of articles including the gauged thickness. 

8. Apparatus for gauging the thickness of the bottom 
of each of a series of cup-shaped articles each having a 
central aperture therethrough and for sorting the articles 
into a number of grades according to the respective gauged 
thicknesses, which comprises an elongated gauging ele 
ment positioned at a gauging station and movable recip 
rocably into and out of engagement with an article posi 
tioned thereat, said gauging element having a reduced 
leading end portion thereof designed to pass through the 
central aperture in the bottom of said article during the 
gauging, said gauging element also having a shoulder 
formed between the body thereof and the reduced por 
tion, means for moving said gauging element toward the 
gauging station so that the reduced nose portion moves 
through the central aperture of the article and said shoul 
der is moved into engagement with the bottom of the 
article, the length of movement of the gauging element 
being directly proportional to the thickness of the bottom 
of the article, movable guide means for directing the 
article after gauging to any one of a plurality of receiving 
locations, a fluid-operated driver operable for moving the 
guide means to direct the gauged article to a selected one 
of the receiving locations, and valve means for operating 
the driver to control the degree of movement of the guide 
means, and a plurality of electrical switch means actuat 
able in a preselected pattern by the reduced end portion 
of the gauging element as the shoulder thereof moves into 
engagement with the article for controlling selectively the 
valve means in accordance with the length of travel of the 
gauging element so that the gauged article is directed to 
a receiving location, designated to receive the grade of 
articles including the gauged thickness. 

9. Apparatus for gauging the thickness of the bottom 
of each of a series of cup-shaped articles having a central 
aperture therethrough and for sorting the articles into a 
number of grades according to the respective gauged 
thicknesses, which comprises an apertured anvil member 
positioned at a gauging station and provided with a ref 
erence Surface for supporting an article, an axially mov 
able elongated gauging element positioned at the gauging 
station coaxially with respect to the aperture in the anvil 
member, the gauging element having a reduced leading 
end portion designed to move through the central aperture 
in the bottom of an article and the aperture in the anvil 
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member during the gauging, the gauging element also hav 
ing a shoulder formed between the body thereof and the 
reduced end portion, means for moving the gauging ele 
ment toward the anvil member so that the reduced nose 
portion moves through the central aperture of the article 
and the shoulder is moved into engagement with the bot 
tom of the article and urges the article against the ref 
erence surface, the length of movement of the gauging 
element being directly proportional to the thickness of 
the bottom of the article, movable guide means for direct 
ing the article after gauging to any one of a plurality of 
receiving locations, and means responsive to the move 
inent of the reduced end portion of the gauging element 
as the shoulder thereof is moved into engagement with 
the article for Selectively positioning the guide means to 
direct the gauged article to a receiving location deter 
mined by the length of travel of the gauging element so 
that the article is directed to a receiving location desig 
nated to receive the grade of articles including the gauged 
dimension. 

10. Apparatus for gauging the thickness of the bottom 
of each of a series of cup-shaped articles having a central 
aperture therethrough and for sorting the articles into a 
number of grades according to the respective gauged 
thicknesses, which comprises an apertured anvil member 
positioned at a gauging station and provided with a ref. 
erence surface for Supporting an article, an axially mov 
able elongated gauging element positioned at the gauging 
station coaxially with respect to the aperture in the anvil 
member, the gauging element having a reduced leading 
end portion designed to move through the central aperture 
in the bottom of an article and the aperture in the anvil 
member during the gauging, the gauging element also hav 
ing a shoulder formed between the body thereof and the 
reduced end portion, means for moving the gauging ele 
ment toward the anvil member so that the reduced nose 
portion moves through the central aperture of the article 
and the shoulder is moved into engagement with the bot 
tom of the article and urges the article against the ref 
erence surface, the length of movement of the gauging 
element being directly proportional to the thickness of 
the bottom of the article, pressure sensitive means respon 
sive to the pressure exerted by the gauging element on the 
article for actuating the moving means to retract the 
gauging element out of engagement with the article, mov 
able guide means for directing the article after gauging 
to any one of a plurality of receiving locations, and means 
responsive to the movement of the reduced end portion 
of the gauging element as the shoulder thereof is moved 
into engagement with the article for selectively position 
ing the guide means to direct the gauged article to a re 
ceiving location determined by the length of travel of the 
gauging element so that the article is directed to a receiv 
ing location designated to receive the grade of articles 
including the gauged dimension. 
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