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This invention relates to testing and indicat.

ing or recording systems and has for its object

the giving of a continuous indication of the num-

ber or percentage of articles, devices or other

units found to be in a certain condition in a

preceding total number of units tested.

‘It is, of course, known how to test the condi-

tion of articles, devices and other units one after

the other and to indicate whenever a tested unit

is in a certain condition, for instance, defective

or satisfactory; and to record both the total

number of units tested and the number of units

found to be in the certain condition. The unit

being tested may be any article, device, piece

of apparatus or equipment and the test may be

any desired test, for instance, a test for weight

or size, an electrical test such as a test for re-

sistance, inductance or capacitance or a timing

test to determine whether certain operations fall

within predetermined time limits. There is no

limitation as to the type of unit being tested, or

the kind of test to be made. Different testing

systems to which the invention is applicable are
illustrated by the patent to C. Paulson 2,153,989,

granted April 11, 1939, which discloses testing

apparatus for testing the electrical characteris-

tics of a coil; the patent to H. P. Clauson

1,251,750, granted January 1, 1918 which dis-

closes a testing arrangement for testing switch-

ing frames to locate unstandard conditions; the

patent to ¥. B, Anderson 1,904,598, granted April
18, 1933 which discloses a system for testing the

insulation leakage resistance of conductors; and
the patent to J. E. Ostline 1,674,411, granted June
19, 1928 which discloses traffic recording equip-
ment for telephone systems arranged to test

trunks to determine the busy or idle condition

of the trunks tested and to record the number
of busy trunks in each of a plurality of groups.
It may, however, be desirable to know at any

time the number of defective units or the per-
centage of defective units in-a certain preceding

number of units tested and to have such an in-

dication given continuously. This invention is
an indicating or recording arrangement adapted

to continuously indicate or record the number or

percentage of units in a certain condition within
any preceding finite number tested or inspected.

. According to one feature of the invention a

plurality of condition indicating elements are
provided, one for each of a finite number of tests,

each element being operated if a certain condi-

tion. is found to exist in the unit under test and
to be locked operated while said finite number
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indicating elements which are locked operated at

any time being indicated bya milliammeter ar-

ranged to give a reading proportional to the

number operated.

Another feature of the invention is a testing

and indicating device comprising a plurality of

condition indicating elements cyclically selected

one at a time during the testing of articles, de-

vices or other units for operation if the unit then

under test is in a certain condition, each oper-

ated element being locked, until all the elements

of the plurality have been selected for operation,

and then released to enable its operation during

the testing of the next unit.

The invention and its features will be better

understood by considering a testing system ar-

ranged in accordance with the invention, two

such arrangements being shown schematically in

the drawing which forms a part of this specifi-

cation. The invention is, of course, not limited

in its application to the particular arrangements

shown in the drawing but is generally applicable

to any testing and indicating or recording sys-

tem in which it is desired to give a continuous

indication or record of the number or percentage

of units in a given condition out of a preceding

finite number of units tested.

The drawing shows schematically in each of its
two figures a testing and indicating system em-

bodying the invention.

The system shown in Fig..1 consists of a test-
ing device and an indicating or recording device.

The testing device comprises a relay 48 which is

operated once per unit tested and a relay 49

which operates once per defective unit. tested.

The word sample hereinafter used in this spe-
Cification means any unit which is being or has

been tested. The indicating or recording device
comprises a start key. 50, two multiposition ro-
tary switches €0 and 70, control relays 55, 56 and
57, condition indicating relays D—{ to D—100,
an indicating or recording milliammeter 80 and
a voltmeter 82. This indicating or recording de-

vice may be associated with any testing arrange-
ment which is adapted to test one sample after
another and comprises contact means which op-
erates once per sample tested and contact means

- which operates once per defective sample tested.
The switches 60 and 70 are of the type disclosed

in the patent to A. H. Adams, No. 1,399,728, grant~
ed December 13, 1921, each comprising a stepping
magnet and a plurality of wipers and wiper banks.
The stepping mechanism of these switches is of
the type which requires both the operation and

of tests are being made, the number of condition 65 the release of the stepping magnet to effect the
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advance of the wipers from one position to the

next. The condition indicating relays D—1! to

D—1098 are connected to terminals in the banks

Ti to 15 of switch 78, twenty relays te each bank;

and the brushes of banks 7! to 75 are multiply

connected to terminals in the bank 4! of switch

60 whereby the armature of control relay 56 can

be connected to the winding of each of relays

D—i to D—(08 in succession. While the banks

of switches €0 and 78 are shown as having

twenty-two terminals each, two of which are not

used for connecting with condition. indicating

relays, it is, of course, understood that all termi-

nals in the banks of switch 18 may be connected

to condition indicating relays, that. these switches.

may have any desired number of terminals, that

more than two switches might be used or that

switching means of any step-by-step type may

be provided for establishing connection with each

condition indicating relay in succession,

When the indicating device is not being used

and the start key 59 is in normal position, switches

60 and 70 may be in any position. If switch

60 is in any one of positions 1 through 20 and

switch 18 is in any one of positions 1 through 20,

the winding of relay 57 is connected through the

back contact of relay &8, wiper 61 and cne of

brushes 7f to 715 to the winding of one of con-

dition indicating relays D—i to D—f08. All of

these relays are normally non-operated since the

common locking conductor 5f is not connected

to ground until the start key 59 is operated. Each

of these relays, when operated, closes a circuit

through the associated one of resistors R—Ib to

R-—1000 in series with the milliammeter 88 which

is calibrated either to indicate the number or

the percentage of these relays which are operated.
Since’a variation in voltage would introduce error

in the milliammeter reading, a potentiometer $1

controls the voltage connected in series with the

mMilliammeter and a voltmeter 82 indicates the

voltage so that the potentiometer may be ad-

justed to apply the voltage at which the milliam-

meter was calibrated.

When the start key 58 is operated, ground is

corinected to conductors §! and 52. Assuming

switches 60 and 70 to be in positions 21 or 22 at

the time that the start key is operated, the con~

nection of ground to conductor 8f effects the op-

eration of stepping magnets 63 and 77 to advance

each of switches 69 and 79 into position 1. If re-

lay: 48 of the testing device should happen to be

normal when key 50 is operated, the stepping

magnet TT would be held operated and switch 78
would not be advanced to position 1 until relay
48. is operated. With switches 60 and 78 in po-

sition I and the start key 59 operated, a circuit

connection is closed: from the winding of relay

57 through the back contact of relay 56, wiper

and terminal f of bank 6i, wiper and terminal {

of bank Tif to the winding of relay D—Ii. If at
this time relay D—i were locked operated

through resistor R—{iw and conductor 51, relay

5T would be operatively energized in parallel with
telay D—{t. The winding of relay 57 is low
enough in resistance to constitute a substantial

short-circuit across the winding of relay D—t,

thereby to effect the release of relay D—i fol-

lowed by the release of relay 57. With key 50

operated, a circuit is closed from ground. at the

outer back contact of relay 48 in the testing de-

vice, through conductor 84 and the upper con-

tact of key 89 to energize the winding of step-

ping magnet 77. Another circuit is closed from

ground: through the inner back contact of relay

13

20

bo or

30

oo an

40

4h

60

70

75

4
8 of the testing device, conductor 53 and a front

contact of key §% for energizing the winding of

relay 55. Relay 55 closes a circuit including a

back contact of relay 57 for operating relay 56;

and the operation of relay 55 disconnects the

winding of relay 57 from the wiper of bank 61

and connects this wiper to conductor 58. If, at

the time relay 55 operates, relay 49 of the testing

device is operated because the unit then under

test is defective the operation of relay 56 closes

a circuit from ground through front contacts of

start key 58, conductor 52, front contact of relay

43 of the testing device, conductor 58, front con-

tact of relay 55, wiper and terminal | of bank

61 of switch 69, wiper and terminal | of bank 71

of switch 78 and the winding of relay D—1, there-

by operating relay D—{. If, however, the sample

being tested is not defective, relay 49 is not oper-

ated and therefore relay D—1! is not operated.

When operated, relay D—! locks through its

upper contact and resistor R—fa to grounded

conductor 51.

When relay 48 of the testing device operates

at the end of the testing of the first. sample,

ground is disconnected from conductors 53° and

54 thereby causing the release of stepping mag-

net 77 and the release of relay 53. The release

of stepping magnet 77 causes the advance of the

wipers of switch Tf to position 2; and the release

of relay 35 causes the release of relay 56, thereby

connecting the winding of relay 57 through the

wiper and terminal f of bank 681 and the wiper

and terminal 2 of bank Ti to the winding of relay
D—2 so as to effect the release of relay D—2 if

operated at the time that the wipers of switch

73 are advanced to the second position. When

yelay 4&8 of the testing device releases, relay 55

is again operated and the stepping magnet T7 of

switch 79 is again energized. With relay 55 op-

erated and relay 57 not operated, relay 56 oper-

ates to connect the winding of relay D—-2 to con-

ductor 53; and, if relay 49 has operated due to

the sample under test being defective, relay D—2

operates and locks through resistor R-—fa and

conductor 54.

When: relay 4@ of the testing device operates

at the end of the testing of the second sample,

ground is disconnected from conductors 53 and

54, releasing relay 55 and stepping magnet 17

thereby to advance the wipers of switch 19 to

position 3. Thus the testing of each sample in

succession and operation of relay 48, causes
switch 78 to be advanced step-by-step to con-
nect each of relays D—{ through D—20 to the

winding of relay 57 to be released; and the op-

eration of relay 5$ connects each of relays D—~1

through D—2 to conductor $8 for operation if
the sample being tested is defective. When wiper
7é engages terminal 29, a circuit is closed for op-

erating stepping magnet 63 of switch 60; and

when wiper 7$ is advanced to terminal 21, the
release of stepping magnet $3 advances the wipers

of switch 6% to position 2 in which position the

wiper of bank 61! is connected to wiper 72 of

switch 76. The operation of relay 48, at the end

of the testing of the twentieth sample, releases

stepping magnet. 77 to advance the wipers of

switch #9 to position 2!. Before relay 48 is re-

operated, stepping magnet 77 is alternately oper-

ated and released to again advance the wipers
of switch 18 to position 1, the interrupter con-
tact of the stepping magnet being included in its

operating circuit in series with the wiper and ter-

minals 21 and 22 of bank 16. _

With’ switch 6@ in- position 2 and switch 10 in
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position 1, relays D—2i through D—40 are con-

nected in succession to conductor 58, while each

of the next twenty samples is being tested in like

manner to that in which relays D—f through

D—20 were connected to this conductor thereby

to effect: the operation and locking of any relay

in case the sample being tested is defective. When

wiper 76 is advanced to position 20, the stepping

magnet 63 is again operated; and, when wiper

16.is advanced to position 21, the release of step-

ping magnet 63 advances the wipers of switch 60

to. position 3 in which wiper 61 is connected to

wiper 13 of switch 18. The wipers of switch 18

are-again advanced to position 1 and relays D—4l

through D—60 are then successively connected

to conductor 58 while each of another twenty sam-

ples is tested; and any relay so connected while

a. defective sample is tested operates and locks

through conductor 5!. The wipers of switch 68

are then advanced to position 4 in which wiper

61 is connected to wiper 74. Switch 18 is then

advanced to position 1 and relays D—$1 through

D—80 are connected in succession to conductor

58 while each of another twenty samples is tested.

The wipers of switch &0 are then advanced to

position 5 in which wiper 61 is connected to wiper

15. .- Switch 10 is then advanced to position 1

and relays D—8{ through D—!00 are connected

in succession to conductor 58 while each of an-

other twenty samples is tested. Since each of

the first five terminals of bank §1 is multipled

to the. corresponding one of the second, third

and fourth sets of five terminals, the wipers of

switch 68 are advanced one step for every twenty

samples tested and the successive connection of

relays D—f{ through D—1{00 is repeated. When

switch 60 is advanced to position 21, stepping

magnet 63 is alternately operated and released

by actuation of its interrupter contact to advance

the wipers to position 1, thereby to continue the

cyclic connection of relays D—i through D—160

as long as start key 56 remains operated.
. Thus the milliammeter 89 gives a reading

which varies. according to the number or per-

centage of defective samples in. the preceding

one-hundred samples tested. It is not necessary

that switches 69 and 78 be in position 1 when

the start key is operated. Since the locking cir-

cuits of relays D—1 through D—!60 are nor+

mally open, the reading cf meter $0 will not

indicate the percentage defective in one hundred

samples until one hundred or more samples have

been tested after the start key 59 is operated.

AS above suggested, it is apparent that any de-

sired number of condition indicating relays may

be provided. together with the required switch-

ing arrangement whereby the number or percent-

age of samples defective in any preceding de-

sired number of samples tested will be indicated

by the reading of a milliammeter.

The system shown in Fig. 2 consists of a test-

ing device comprising a relay i&8 which is oper-

ated once per sample tested and a relay {49

which is operated once per defective sample test-

ed, and an indicating device comprising a rotary

mechanism (68; a plurality of condition indi-

cating sets of contact springs !70, 180, 190,

arranged for operation by an electromagnet 166

carried by a non-magnetic arm 165 mounted on

the shaft 151 of the rotary mechanism 150, a

Jatching element such as 184 and 194 for each

set.of contact springs, a resistor R for each. set

‘of contact springs, and a milliammeter 180... The

rotary mechanism 158 comprises the rotatably

‘mounted shaft. 151, the ratchet wheel 152 fixed
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thereto, a stepping magnet 153, and a driving

pawl 154 engaging the ratchet wheel. The step-

ping magnet-is energized by the operation of

relay {48 of the testing device each time a dif-

ferent sample is tested, but the switching mech-

anism is not advanced until testing of the sample

is completed. as indicated by the release of relay

{48 whereupon the release of stepping magnet

153 advances the ratchet wheel one step.. The

rotary mechanism further comprises a disc 160

fixed to the shaft 151 and having two concentric

conducting rings connected to the winding of elec-

tromagnet 166. The conducting rings are insu-

lated from each other and separately engaged

by brushes 163 and 164, brush 163 being con-

nected in series with a front contact of relay 149

of the testing device so that the electromagnet

166 is energized whenever the sample being test-

ed is defective but is not energized if the sample

being tested is not defective.

The advance of the rotary mechanism from one

position to the next successively positions the

electromagnet 1&6 in operative relation with each

of the sets of condition indicating contact

springs. Hach of the sets of contact springs in-

cludes a magnetic armature, such as armature
193, which is attracted by the electromagnet 166

if energized while positioned in operative relation

thereto, the associated latching element being ef-

fective to retain an operated set of springs in

actuated position after the electromagnet is de-
energized or advanced to another set of springs.

The latching element {84 associated with contact

set 180 is shown in the drawing as holding spring

{82 in its operated position, whereas the spring

192 of contact set £99 is shown in normal posi-

tion with its free end resting behind the latch 195
of the latching element 194. The free end of the

arm {65 constitutes a cam {67 which engages the

inner end of each of the latching elements just

prior to the positioning of the electromagnet 166

in operative relation with the armature of the as-

sociated contact set, thereby allowing the mov-

able spring of the set to restore to its normal po-

Sition. Thus, each set of springs will be in nor-

mal position at the time electromagnet {66 is po-

sitioned in operative relation with the armature

carried by the movable spring and will remain in

the normal position unless the electromagnet 166

is energized before it is advanced to the next set

of springs. It is apparent, therefore, that with N

sets of springs, the number of sets of springs

which are actuated at any time is the number ot

samples found to be defective in the preceding

N samples tested. And since each set of springs

when actuated connects a like resistor R in series

with the meter !88, the reading of the meter is

proportional to the number of defective samples

in the preceding N samples tested.

It is, of course, apparent that the meter in each

arrangement may be either an indicating or a

recording meter; and other modifications may be

made without departing from the spirit of the in-

vention defined in the following claims,

What is claimed is:

1. In a system for testing units one after the

other, means for continuously indicating the

number or percentage of units in a certain con-

dition in a preceding predetermined number of

units tested, said means comprising said prede-

termined number of condition indicating ele-

ments, switching means for successively and

cyclically selecting said elements for operation

one at a time during the testing of units, means

for actuating any selected element if the unit then
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being tested is in said certain condition, means

for locking each actuated element while each of

the other elements is selected, means for effecting

the release of an actuated element when selected

thereby to prepare said element for actuation if

the unit then being tested is in said certain con-

dition, and indicating means controlled by said

elements to give a reading proportional to the

number of said elements which are actuated.

2, In a system for testing units one at a time in
succession, means for continuously indicating the

number or percentage of units in a predetermined

condition in a preceding predetermined number

of Units tested, said means comprising said pre-

determined number of sets of contact springs,

means for successively and cyclically selecting

each of said sets of contact springs for operation

during the testing of units, means for operating

a selected set of coritact springs if the unit then

being tested is in said certain condition, means

for locking each operated contact set while each

of the other contact sets is being selected in turn,

and means controlled by said sets of contact

springs to give a reading proportional to the num-

ber of said sets which are operated.

3. In a system for testing units one after the

other, medns for continuotisly indicating the

riumber or percentage of units in a certain condi-

tion in a preceding predetermined number of

units tested, said means comprising a plurality

of condition indicating. relays, means for succes-

sively and cyclically connecting said relays, one at

a time during the testing of units, for operation

if the unit being tested is in said certain condi-

tion, means for locking each operated relay while

each of the other relays is connected for opera-

tion, and indicating means for giving a reading

proportional to the number of said relays which

aré operated.

4, In a system for testing units one after the

other, means for continuously indicating the
number or percentage of units in a certain condi-

tion in a preceding predetermined number of
units tested, said means comprising a plurality of

condition indicating relays, means for successive-

ly and cyclically connecting said relays, one at
a time during the testing of units, for operation

if the unit being tested is in said certain condi-

tion, means for locking each operated relay while

each of the other relays is connected for opera-

tion, and means comprising a milliammeter con-

trolled by said relays to continuously indicate the

number of said relays which are operated.

5. In a system for testing units one after the

other, raeans for continuously indicating the

number or percentage of woits in a certain con-

dition in a preceding predetermined number of

units tested, said means comprising a plurality
of condition indicating relays, means for suc-

cessively and cyclically connecting said relays,

one at a time during the testing of units, for

operation if the unit being tested is in said cer-

tain condition, means for locking each operated

relay while each of the other relays is connected

for operation, a plurality of like resistors, one for

each of said relays, a source of current, and a
milliammeter, each of said relays having a con~

tact actuated while the relay is operated to close

a circuit including the associated one of said

resistors, said milliammeter and said source of

current, said meter being thereby energized to

give a reading indicative of the number of said

relays which are operated.

6. In a system for testing units one after the
other, means for continuously indicating the

10

15

20

25

380

35

40

45

50

55

60

70

75

&
number or percentage of units in a certain con-

dition in a preceding predetermined number of

units tested, said means comprising a plurality of

condition indicating relays, means for successively

and cyclically connecting said relays, one at a

time during the testing of units, for operation if

the unit being tested is in said certain condi~

tion, means for locking each operated relay, means

effective to release each locked one of said relays

after each of the other of said relays has been

connected for operation, and indicating means

for giving a reading proporticnal to the number

cof said relays which are operated.

7. In a system for testing units one after the

other, means for continuously indicating the num-

ker or percentage of units in a certain condition

in a preceding predetermined number of units

tested, said means comprising a plurality of con-

dition indicating relays, means for successively

and cyclically connecting said relays, one at a

time during the testing of units, for operation if

the unit being tested is in said certain condi-

tion, means for locking each operated relay while

each of the other relays is connected for oper-

ation, means effective to release each locked one

of said relays after each of the others of said

relays has been connected for onveration, a plu-

rality of like resistors, one for each of said relays,

a source of current, and a milliammeter, each of

said relays having a contact actuated while the

relay is operated to close a circuit including the

associated one of said resistors, said milliammeter

and said source of current, said meter being

thereby energized to give a reading indicative of
the number of said relays which are operated.

8. In a system for testing units one after the
other, means for continuously indicating the num-

ber or percentage of units in a certain condition

in a preceding predetermined number of units

tested, said means comprising a plurality of con-
aition indicating relays, means for successively

and cyclically connecting said relays, one at a

time during the testing of units, for operation if

the unit being tested is in said certain condition,

means for locking each operated relay while each

of the other relays is connected for operation,

means connected to each of said relays in suc-

cession for effecting the release of a connected

relay if operated and for effecting completion of

the connection of each of said relays when re-

leased for operation if the unit being tested is

in said certain condition, and indicating means
for giving a reading proportional to the number

of said relays which are operated.

9. In a system for testing units one after the
other, means for continuously indicating the num-
ber or percentage of units in a certain condition
in a preceding predetermined number of units

tested, said means comprising a plurality of con-
dition indicating relays, means for locking each
of said relays when operated, a control relay,
means including a transfer relay and switching

means for successively and cyclically connecting

the winding of said control relay to the winding
of each of said condition indicating relays, means
for advancing said switching means from one con-
dition indicating relay to the next each time a
unit is tested, the winding of said control relay
having a low resistance so as to cause the release
of each condition indicating relay if operated at
the time of its connection to said control relay,
means comprising a front contact of a relay which
is operated once for each unit tested and a back
contact of said control relay for operating said
transfer relay thereby to close a circuit for oper~



2,419,588

9
ating the connected one of said condition*indi-

cating relays if the unit then being tested is in

said. certain condition, and means controlled by

said condition indicating relays for giving a read-

ing proportional to the number of said condition

indicating relays which are operated.

_ 10. Ina system for testing units one after the

other, means for continuously indicating the num-

ber or percentage of units in a certain condition

in a preceding predetermined number of units

tested, said means comprising a plurality of con-

dition indicating relays, means for locking each

of said relays when operated, a control relay,

means including a transfer relay and switching

means for successively and cyclically connecting

the winding of said control relay to the winding

of each of said condition indicating relays, means

for advancing said switching means from one

condition indicating relay to the next each time

a unit is tested, the winding of said control relay

having a low resistance so as to cause the release

of each condition indicating relay if operated at

the time of its connection to said control relay,

means comprising a front contact ofa relay which

is operated once for each unit tested and a back
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contact of said control relay for operating said

transfer relay thereby to close a circuit for oper-

ating the connected one of said condition indi-

cating relays. if the unit then being tested is

in said certain condition, a plurality of like

resistors, one for each of said. relays, a source

of current and a milliammeter, each of said relays

having a contact actuated while the relay is

operated to close a circuit including the asso-

ciated one of said resistors, said milliammeter

and said source of current, said meter being

thereby energized to give a reading indicative of

the number of said relays which are operated.
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