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This invention relates to a control apparatus 
adapted, upon the completion of its responses to 
a series of separate actuating forces, to close a 
signal and/or control circuit for a shop machine 
or other mechanism whose performance is being 
controlled, 
The principal object of the invention is to pro 

vide an apparatus of the above character which 
repeatedly counts groups of predetermined num 
bers of electrical impulses out of a continuous 
series of impulses. 
Another object is to provide, during Such con 

tinuous series of impulses, means for resetting 
the counte's without interfering with the con 
tinuous reception of impulses, 
A further object, is to provide means so oper 

ative that, during such continuous series of in 
pulses, the predetermined number of impulses in 
a succeeding group may be changed while count 
ing the preceding predetermined group without 
interfering with the count of either group. 
The control apparatus of the present invention 

operates on the principle of a predetermined 
counter in that it may be set to perform a prede 
termined number of separate operations and 
thereafter discontinue such operations. It may 
be described briefly as follows: 
A series of counter switches A, B, C, D, E, etc., 

are set by Eneans of cooperative manually oper 
ated selector Switches A, C, D and SE, etc., to 
operate a predetermined number of times in re 
Sponse to energizing electrical impulses. The 
Switch. A responds to the units and tens impulses. 
Switch is responds to all subsequent impulses. 
The SWitch C responds once for each ten in 
pulses, the Switch. D responds once for each 
hundred impulses and the switch Eresponds once 
for each thousand impulses. As many additional 
Switches may be added to the apparatus as may 
be necessary or desirable for higher order nu 
merals than are shown in the specific form of 
the device herein illustrated. The electrical in 
pulses are produced by opening and closing a 
circuit breaker F interposed in the wires G-H. 
for directing current from the main line I-J to 
the various counter Switches. The circuit breaker 
F is operated by means of a shop machine K 
or other device whose operations are being count 
ed or otherwise controlled. The opening of the 
electrical circuit G-H may be of considerable 
duration or merely momentary, depending upon 
the Speed of operation of the machine K. How 
ever, for the purpose of brevity, each closing of 
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ferred to as an electrical impulse regardless of 
the duration of Such energization. 
The COunter-Switch A is referred to herein aS 

the 'Odd units' counter. This term is used mere 
ly for the purpose of convenience to designate 
the counter-switch which responds to the num 
ber of electrical impulses corresponding to the 
digit in the unit position of any selected Setting . 
of the apparatus. Theoretically, its operation 
may take place either at the beginning or at the 
end of the count of a Selected number of in 
pulses, depending primarily, but not necessarily, 
upon whether the count ascends from 2etro to a 
designated Setting, or descends from the particul 
lar Setting to Zero. 
The "odd units' counter has two important 

functionS. First, it responds to a, Sufficient num 
ber of the electrical impulses being counted, 
whereby the other portion or the remainder, as 
the case may be, of the Original number, can be 
acculately counted in groups of ten impulses 
each. Second, it divides the coughters into two 
parts and makes it, practicable to return either 
portion of the apparatus to its pre-set position 
While the Other portion is counting, for example, 
While the higher order countes switches are 
Counting, the odds units Switch is reset, in readi 
ness to start the count of a following series, and 
While the Odd unitS counter is counting the units 
of a following Series, the higher order counte's 
are reset in readiness to count, their respective 
Orders in the Said following Seiries, 

In practice, it is found desirable to utilize the 
'odd units' counter not only 0 count, the number 
of electrical inpulses corresponding to the digit 
in the units position of any selected Setting of 
the apparatus, out to also include in its count, 
one full group of ten inpulses, 
The Counting of both the units pulses and one 

group of tens pulses by the odd units counter 
Switch of a following series of impulses gives 
ample time to complete the resetting operation 
of the higher order counters before they are 
required to begin counting. 
In the embodiment herein shown, the appara 

tus is constructed to count down from a pre-set 
position to Zero. The "odd units' counter switch 
A, therefore, responds to the number of electrica 
impulses corresponding to the digit in the unit 
position of the particular setting and then con 
tinues to count the next group of ten electrical 
impulses. At this point in the operation the 
Counter-Switch A is automatically cut out of the 
impulse circuit C-H and is reset to its starting 

the circuit in wires G-H will be hereinafter re- 55 position, All Subsequent electrical impulses are 
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directed to the regular units counter 8. The 
counter 3 responds to all the inguises afte: the 
odd units switch. A has completed its count and 
therefore usually responds to Anax37 note in 
pulses than the other counting switches. Sitch 
3 has therefore been designed for substantially 
continuous duty end only operates 2aria Springs 
once per tea impulses instead of operating Wigars 
oyer bank contacts which are Sabject to wea's 
from continuous use. This is considered an in 
portant commercial feature of the travention. 
considering again this operation is coinection 
with the particiar setting of the app2.3atus as 
herein illustrated: irie apparatus is illust3ated 
as being set to operate 314 times. he counter 
switch A, therefore, will operate four tirnes, co 
responding to the digit in the units position of 
the particular setting and thex continue to re 
spond to the next group of ten impulses, making a 
total count of courteen impulses before the count 
is taken over by the regular units counter B. 
At each operation corresponding to a zero an 
electrical impulse is transmitted to one or more 
counter-switches of higher Order. 
When the counter-switches B, C, D, E, etc., 2 

have completed their required number of oper 
ations, a switch is closed to automatically re 
turn them to their initially set position. At this 
time an appropriate signal L is given together 
with the closing of an electric circuit through 
one side of a differential relay i?. The closing 
of the circuit through said relay i? energizes 
a suitable signal or operates mechanism to stop 
the machine K or perform such other operations 
as may be suitable or desirable in connection 
with the control operation. 

In addition to the giving of a final signal and 
the operation of a control circuit, the apparatus 
is preferably provided with a permanent signal 
N in the form of a white light, which remains 
energized throughout the entire operation of the 
apparatus, a green light signal O which is ener 
gized only when all counter switches are in their 
pre-set positions, and a signai : in the form of 
an amber light. The amber light P is preferably 
energized a short time before the completion of 
the full series of counts for which the apparatus 
is set so that the operator or supervisor may have 
an opportunity to observe and check the results 
before the full series of operations are completed. 
The apparatus also includes, preferably, an 

electrical counter Q which is operated by the 
electrical impulses from the impulse circuit 
G-H. By means of the counter Q in combina 
tion with the various signals O, P and , the 
operation of the apparatus can be accurately 
checked from time to time. 
A further object of the invention is to provide 

a control apparatus constructed and operating 
as above briefly described and including the 
various other devices and combinations shown 
in the accompanying drawings and described 
more in detail in the specifications which follow. 
In the drawings: 
Figs. and 2 illustrate the wiring diagram of 

the control apparatus. 
Fig. 3 is a plan view of the counter-switch A. 
Fig. 4 is a side view of the counter-switch A 

together with diagrammatic showings of its 
counting selector Switch A and its associated 
signal selector switch A. 

Fig. 5 is a vertical section through the coun 
ter-switch shown in Fig. 4. 
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Fig. 8 is a side yievy in elevation of the regular 

units counter-SWitch 3. 
3ig. 7 is a pian view of the eas counter Switch 

C. 
Fig. 8 is a side elevation of the texas counter 

Switch, agd 
Figs. 9 and iO are siala: yiests a side eleva 

tion of the hundreds agad to Sefidis COlater 
SWitches 3rd E. 

Referring first to figs. 3, 4 and 5 illustrating 
the couinter-switch A: the Switch Congprises a 
frame 8 or which are suitably secured, in Semi 
circular arraiageiaant, two rows of fixed contact 
members. Each of said rows consists of twen 
ty-five fixed contacts which are arranged into 
three groups 3, 33 aid 35. The contacts of 
row ara used in connection with a resetting 
circuit, which is closed, as hereinafter described, 
to return the counter switch to a pre-set posi 
tion in readiness to begin another series of Op 
erations. The contacts of row 2 are used in 
connection with the circuit for the green light 
signal O. 

Inasmuch as te contacts of group 3 in row 
A do not correspond to any portion of the num 
ber for which the apparatus is set, these contacts 
are not individually identified. The ten con 
tacts composing the group é of row are num 
bered 9 to 1st 0 (first zero). The ten contacts 
composing the group 5 of row are numbered 
9 to 2nd 0 (second zero). All contacts in groups 
33 and 35 of row are electrically connected 
with each other by means of a wire 8. The 
contacts of group A are connected individually 
with correspondingly numbered contacts (9 to 
st 0) of selector Switch A. Che conductors for 
effecting these connections are not individually 
numbered, but are designated collectively by the 
numeral . A wiping contact member 8 com 
posed of a central portion and oppositely ex 
tending arms is suitably fixed to a revoluble 
shaft 9 so that it will engage, successively, each 
of the fixed contacts in row , during each one 
half revolution of the wiper. A line wire Con 
tact 2 has constant wiping engagement with the 
central portion of the wiper and is thereby elec 
trically connected, through the arms of the 
Wiper, With the several fixed contacts of said 
row . 
The group 4 of fixed contacts in said row 2 

are, as before indicated, used in connection with 
the circuit for the green signal O. The contacts 
composing groups 3 and 5 of row 2 do not 
perform any special function in the present cir 
cuit for signal-O and therefore do not require 
further detailed description. However, the con 
tacts of group 6 in row 2 correspond to the 
similar contacts in row and should be regarded 
as having the same value of 9 to 1st 0. They are 
electrically connected, successively, to a line wire 
contact 2 by means of a rotating wiper contact 
22 fixed to the shaft 9. They are also individ 
ually connected to similarly numbered contacts 
of the signal selector switch A2. The wires for 
effecting these connections are not individually 
numbered, but are designated collectively by the 
reference numeral 23. 
The rotating wipers 8 and 22 are operated 

simultaneously in a step by step movement by 
inparting intermittent operations to the shaft 
A9. This movement is obtained by means of a 
ratchet wheel 24, having fifty teeth, fixed to one 
end of the shaft 9 for engagement with a pawl 
25. The said pawl is pivotally supported at one 
end of an arm 26. The said arm is formed in 
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tegral or otherwise suitably fixed to a pivoted 
armature 2 of an electro-magnet 28. The ar 
mature 2 and arm 26 are pivotally supported 
at 29 to a portion 30 of the frame O. It will be 
observed, therefore, that the energization of the 
electro-magnet 28 attracts the armature 27 and 
therefore raises the outer end of the arm 26. 
This movement of the arm elevates the pawl 25 
the height of one ratchet tooth. When the 
electro-magnet is de-energized the pawl 25 is 
moved downwardly by means of a spring . A 
stop member 32 is secured to the frame in a 
position to engage the lower end of pawl 25 at 
the limit of its downward movement so as to 
limit the movement of the ratchet wheel to the 
amplitude of one tooth thereof. Reverse move 
ment of the ratchet wheel 24 is prevented by 
means of a spring detent 33 mounted on the 
frame O and engaging the teeth of the ratchet 
Wheel. 
A buffer 34 of insulating material is carried 

on the arm 26 so that it will engage and separate 
the spring contact 35 from its associated contact 
36 and thereby make and break the previously 
mentioned re-setting circuit each time the arm 
26 is raised. 
The numerals 37 and 38 designate cam ele 

ments made of insulation and secured to the ro 
tating shaft f8, in predetermined angular rela 
tion to each other and to the rotating wipers 8 
and 22. Both cams are of identical shape and 
are so formed as to close their respective switch 
contacts 39-40 and 4-42 only momentarily. 
The cam 37, however, is positioned one step or 
impulse in advance of the cam 38 and is so po 
sitioned relative to the rotating wiper 8 that 
the movement of the wiper (under the influence 
of spring 3) onto the No. 1 contact of group fi 
is simultaneous With the movement of the can 
into a position to close contacts 39-40. The 
cam 38 is set to close contacts 4'-42 when an 
arm of the said wiper 8 engages the second zero 
fixed contact in row . 
In regard to the function of contacts 39-40 

it will be sufficient to say, without tracing the 
circuits at this time, that the fourteenth impulse 
for the present setting of the apparatus, Will en 
ergize the electro-magnet 28 of counter switch. A 
and will also pass through the switch contacts 
39-40 to energize a similar electromagnet 28 of 
counter switch C. This impulse, when operative, 
has a double action in that, it energized the ac 
tuating magnets 28 and 28, respectively, of the 
counter switches A and C. In this respect it can 
be regarded as a delayed transfer, to the tens 
counter switch C, of the impulse corresponding 
to the first zero in the operation of the counter 
Switch A. . 
Immediately following the double action of 

the last mentioned impulse, both counter switches 
A and C are advanced one step by the action 
of similar springs 3-3. This one step ad 
vance of the counter switch. A positions its wiper 
8 on the second zero contact of row , advances 
the position of the cam 3 so as to permit the 
spring contacts 39-40 to open, and also advances 
the position of cam 38 so as to close the can 
operated switch contacts 4-42. 
The closing of the contacts 4-42 establishes 

an energizing circuit for relay R (Fig. 1). The 
energization of this relay opens its normally 
closed switch 43 and opens a normally closed cir 
cuit through the lower contact 44 of a double 
switch 45. The energization of said relay also 
closes switches 47, 48 and 49 together with the 
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circuit through the upper contact 46 of the dou 
ble switch 45. 
The closing of said relay switch 4 establishes 

a resetting circuit through the electro-magnet 28 
of the odd units counter switch A, whereby the 
said odd units counter is returned to its present, 
starting position, wherein it will be in readiness 
for response to another series of electrical in 
pulses as soon as the present series is completed 
by all counter switches of higher order. The 
closing of said relay switch 48 establishes con 
tnection for a circuit through the electro-magnet 
28 of the tens counter switch C. The last men 
tioned circuit is made possible by virtue of the 
fact that the switch arm 50 of the regular units 
Counter B is always closed against its contact 
5 prior to the transmission of an impulse cor 
responding to any Zero of the Count. The clos 
ing of relay switch arm 45 against its contact 
46 establishes, connections for a circuit through 
the electro-magnet 28b of the regular units 
counter B. 
From the above it will be seen that the elec 

trical impulse corresponding to the second zero, 
to wit, the fifteenth impulse of the present set 
ting of the apparatus, is transmitted through cer 
tain of the Switches of relay R to the actuating 
electro-magnets of the two counter switches B 
and C. The said impulse is transmitted to the 
regular units counter B, because the counter B 
responds to all impulses after the odds unit 
counter is cut out of the impulse circuit. The 
Said impulse is transmitted to the tens Counter 
C because it represents a zero insofar as the tens 
counter C is concerned. The impulse is also 
transmitted, as will be presently seen, to the hun 
dreds switch D, because it represents a count 
down from 134 to i300. 
The above transmission of the 2nd zero impulse 

to the actuating electro-magnet 28d of the hun 
dreds counter D was made possible by the pre 
vious actuation of the tens counter switch C, 
whereby the switch arm 59 was moved against 
its contact 6. This phase of the operation is 
an in portant feature of the present invention. 
In all cases, before the transfer of an impulse 
to a counter Switch of higher order, the previous 
Operation of the adjacent Counter of lower order 
conditions the connections whereby the next im 
pulse energizes the 20tuating Inagnets of two 
or more counter styitches of successively increas 
ing order. 

Counter Spitch B 

The Counter switch B (Fig. 6), as before stated. 
takes up the count of all impulses after the odd 
units Counter Switch. A has been disconnectad 
from the impulse circuit. The counter Switch B 
includes a frame, an actuating electro-magnet, 
ratchet means, actuating spring and a cam shaft 
which are constructed and operate in the same 
Inanner as the corresponding elements Cf switch 
A. These elements are therefore identified in 
Switch B by corresponding reference nunnerals 
provided With an exponent "b.' Inasmuch as 
the counter-Switch B responds to all electical 
impulses in Said impulse circuit, after the odd 
units counter A has been disconnected fron such 
circuit, it does not require the fixed and the ro 
tating contact members shown in the previous 
SWitch and such members are therefore cmitted 
from the present switch B. The Gnnission of said 
rotating and fixed contacts is made possible in 
the present counter-switch since it is unneces 
Sary to set the SWitch B at any particular start 
ing point, it being adapted to always reset to zero. 



4. 
Switch 8 is further distinguished fron counter 
switch. A by the provision of switch can 52. The 
can is fixed to the shaft 9 and is formed on 
its periphery with five lugs 33. The said lugs are 
spaced apart a distance equal to ten intermit 
tent step operations of the Switch device. It 
will be observed, therefore, that for each tea 
electrical inpulses through the naginet 23 a can 
lug 53 will pass ceneath the spring arm 53 to 
open the electrical contact between said arm 53 
and arm 55 and simultaneously close electrical 
contacts between the arm 55 and arm 53 and 
also close the previously mentioned contacts 50 
53. Each upward movement of the electrically 
operated arm 26 presses a buffer 36 against 
spring arra 35b to open the contact between the 
aim 35b and arm 35b of a circuit making and 
breaking device interposed in the resetting cir 
cuit for counter-switch B. 

Tens counter stice, C 

The tens counter Switch C is illustrated ig figs. 
7 and 8 of the drawings. In general construction 
it is somewhat the same as Switch A in that its 
frame, electromagnet, ratchet means, actuating 
spring and can shaft are identical. These idex 
tical elements are therefore designated for SWiich 
C by the same reference numerals provided Wiitia 
an exponent "c.” 
The switch C, being intended to star, its opes'- 

ation from a selective pre-set position, it is gro a 
vided with two rows of fixed contacts designated 
ic and 2e, respectively. These rows of contacts 
have ten contacts each. They are numbered 9 to 
0 are electrically connected to corresponding 
contacts of associated selector switches C and C 
(Fig. 2). The electrical connections may be 
made substantially as indicated (Fig. 3) by sign 
ilar groups of wires and 230 (Fig. 2). 
A rotating wiper contact. 98, comprising a 

central portion and five radially extending arras, 
is fixed to the shaft 9 so that the ends of the 
arms will wipe each of the contacts 9 to 0 in 
row ic, successively, during the rotation of the 
wiper and thereby effect momentary electric 
connection between the Said contacts 9 to 0 with 
a line wire contact 20, which has engagement 
with the central portion of the wiper. A line 
wire contact 2 engages the central portion of 
a similar Wiper contact 22 which wipes acroSS 
the similar contacts, in row 2. 
The fixed contacts in row 2 are used, like 

the similar contacts of Switch A, in a circuit 
controlling the relay S which in turn controls 
the circuit for the green light signal O. There 
fore, one arm of the wiper 22 is positioned or 
the contact No. 1 to correspond to the digit ap 
rearing in the tens position of the particular 
Setting (13-14) of the apparatus. A can 52 of 
the same configuration as shown in the switch 
B (Fig. 6) and provided with five lugs 53c is fixed 
to the shaft 9. The can member is so posi 
tioned that one can lug 53 thereof will engage 
the switch arm S5 when the wiper and can are 
moved one step forward. In other words, any 
time the wipers 8 and 22 move onto the zero 
contacts a cam lug 53 will force the switch arms 
65 and 59 against their cooperating contacts 6 
and 60, whereby arm 59 conditions the connec 
tions, as previously described in connection with 
the 2nd 0 operation, to direct to the hundreds 
counter D, the said 2nd 0 impulse. This impulse, 
as previously noted, corresponds to the second 
Zero of the count down from the setting of 1314 
to 1300 and is therefore directed to the hundreds 
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counter and to all other Countars of higher 
order. The transmission of said 2nd 0 coat to 
the hundreds counter C is deterrained by the 
particular setting (34) of the apparatus. It 
night be directed through the car. Stitch of any 
Aumber of the higher order counters according 
to the requirements of the selected setting of 
the appa'ats. 

Warning signal came 320ich 
In order to close an energizing circuit, through 

the relay and thereby in turn control the warna 
ing signal F in advance of the final signal, a cam 
3 is fixed can he shaft, 890 of countai switch (C, 
The lugs 62 of cam & are positioned to close 
SWitch contacts 33 and 83 (Figs. 2 and ) in ado 
Vance of the closing of Switch contacts SS-6 
by the can lugs 53°. The amount of the advance 
spacing of lugs 62 relative to lugs 539 depend 
upon the length of the Warning signal desired. 
In the present embodiment the lugs 62 are spaced 
four steps in the operation of the tens counter 
C. or approximately forty impulses in advance 
of the Operation of the final signal. The said 
lugs 62 will, of course, close the switch contacts 
63-6é many times during the operation of 
counter Switch C, but these closings will not be 
effective unless the can switch contacts of the 
higher order counters D and E are closed. 

Counter Sapitches D and E. 
Referring now to the hundreds counter 

Switch. D illustrated in Fig. 9 and also the hou 
Sands counter-Switch illustrated in Fig. 10 of the 
drawings: Both of these counter-switches 
and E are identical with each other and With 
the tens counter-switch C except in those re 
Spects hereinafter mentioned. Those parts of 
the said Switches D and E which correspond in 
Structure to the parts illustrated in Fig. 3 are 
given like reference characters with the addi. 
tion of exponents "d" and "e,' respectively and 
therefore need not be again described. The 
Switch members D and E are provided in each 
case with a single can member designated 52d, 
62 provided with five cam lugs thereon. The 
can lugs 53d of the counter switch D, operate 
to close the electric contacts between arms 
59-60 and also the contacts between arms 
65-66. The similar cam lugs 538 of the coun 
ter-Switch E (Fig. 10) operate to close the elec 
tric contact arms 659-66 when it reaches its 
Zero position in the series for which the appa 
ratus is set to operate. The above switches $5d, 
65 when closed also condition the final signal 
circuit So that the final signal will be ener 
gized when all previously described cam operated 
Switches are closed in series with the switch 
contacts 65-66 of the tens counter switch C. 

Selector suitches 
The Several selector switches are arranged in 

pairs A-A2, C1-C, D-D2, E1-E2, etc., there 
being one pair for each counter switch A, C, D, E, 
etc. The Switches of each pair are preferably, 
though not necessarily, embodied in a unitary de 
vice So that they may be operated in unison. 
Each pair of Switches, as herein illustrated in Fig. 
4, comprises an upper group 67 of fixed contacts 
and a lower group 68. The upper group includes 
ten contacts numbered 9 to 0 and a line wire con 
tact 69. The contact 69 has wiping engagement 
with a revoluble member 70. This member may 
be set selectively to establish electrical connection 
between said contact 69 and any one of the con 
tacts 9 to 0, respectively, of group 67. In the illus 
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trations in Figs. 1 and 4, the said contacts 9 to 0 
are shown electrically connected by the group 23 
of wires to correspondingly numbered fixed con 
tacts in row 2 of counter switch A. However, the 
electrical connection from contact 69 is completed 
through only one of such wires, depending upon 
the particular setting of the selector Switch. In 
the iustration in said Figs. i and 4 the electric 
connection is through the contact No. 4 of the 
selector to the No. 4 contact of group 5 in row 
A2 of counter switch A, so as to correspond with 
the particular setting of the apparatus. In the 
galector switches C, D and E, the similar electric 
connections for the control circuit of the green 
signal relay S are effected through contacts Nos. 
2, 3 and , respectively, so as to correspond with 
the setting of the several switches. 
The said lower group of contacts 88 includes 

ten contacts numbered 9 to 0 and a line wire Cori 
tact connected with line 09. The 9 to 0 con." 
tacts are connected by the group of wires to 
correspondingly numbered contacts in giroup 8, 
grow of counter switch A. A revoluble member 
72 effects electrical connection between the said 
contect and any nine of the selector Switch 
contacts numbered 9 to 0, depending upon the 
particular setting of the switch. Inasmuch as the 
upper revoluble member 30 and the lower re 
voluble member 72 of the pair of Switches are 
suitably connetted so as to operate in unison, the 
bank or open connection of the lower inenber 
g2 is disposed directly beneath the pointer 33 of 
the switch. A. 

3rom the above description it will be seen that 
when the selector switch pointer 93 is positioned 
at any one of the numbered contacts 9 to 0 in 
group 67, the selector control circuit for the green 
signal relay S is closed at that contact and that 
the like contact in the lower group 68, for the 
resetting circuit of the counter switch, is open. 
Consequently in the present setting of the appa 
ratus for 334 operations, the re-setting circuit 
of the odd units counter-switch A is opened at the 
contact No. 4 of the lower group 68 of selector 
swich contacts. Likewise the re-setting circuit 
of counter-switches C, D and E, respectively, are 
opened through the selector switches at the ixed 
contacts indicated by the pointers on the Several 
dials, ko-wit: numerals 1, 3 and 4, respectively. 
When the resetting circuit is in control of Said 

counter-switches, the switches will operate in a 
forward direction until one of their Wiper arms 
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comes to rest on the fixed contact in the re-setting 
circuit (contact No. 4 in group 4 of present illus 
tration for switch A) which is connected to the 
corresponding open contacts in the Selector 
switch. The corresponding counter-switch will 
then remain in that position until it receives an 
electrical impulse from the pulsating circuits 
3-H. 
The green light signal O operates only when all 

counter switches are in their pre-set positions, 
the circuit including one contact in the inner roW 
2 of fixed contacts of each selector switch. The 

electric current, therefore, passes from Said con 
tact 69 of the selector switch to the closed con 
tact (No. 4 in Fig. 4) and the connection leading 
to the corresponding fixed contact of the row 2 
of the counter-switch to the rotating wiper 22 
thereof and thence to the fixed line contact 2. 

Operation and circuits 
Referring now to the diagram shown in Figs.l 

and 2: The operation of the device as a whole 
may be described as follows: Assuming that all 
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closed Switch 83 and cioses its switch 33. 

5 
of the counter-switches A, B, C, D, E, etc., are 
set to their starting positions, the closing of the 
main circuit switch 4 connects the positive line 
wire I and the negative line with the Service 
line or other suitable source of direct electric cur 
rent. It should be understood that in the descrip 
tion of the wiring, all wires marked -- or - (plus 
or minus) cox25ect directly with the positive Or 
negative ines -, as the case may be. These 
various wires have been given the plus and minus 
symbols but have not been shown extended to and 
connecting with the said positive and negative 
lines I and J since to do so would tânduly multiply 
the wires in the diagram. 

Circuit-Green signag2 C 

The first circuit to be established, in response 
to the setting of the counter switches, is a circuit 
through the green light signal relay S. This cir 
cuit leads from the positive line iroligh, nor 
mally closed can Switcharins 35t-3Sb of counter 
B, wire 7 through closed can SWitch contacts SS 
and 56 of countes' Switch 3, wire 8, h'ough tine 
closed contacts of signal selector Switch E and 
wiper contact 22e and line contact 28 e to wire 79; 
thence through the closed contacts of signal se 
lector switch and wiper contact 22d to line 
contact. 2d of coater Switch. D to wire 80; 
thence through the closed contacts of signal Se 
lector switch C2 to the rotating wiper 22c and 
line contact, 2c of Cointer switch. C to wire 8 and 
the coil of relay S to the negative is J. 
The energia,2tion of relay S opens its normally 

he 
closing of Switch 33 establishes a circuit from the 
positive line through switch 83, wire 84, through 
the closed contacts of signal selector A2 to the 
rotating wiper 22 and line contact 2 of counter 
switch A, thence through Wire 35 and green sig 
nal O to the negative line J. An additional green 
signal light O' may be connected in the above 
circuit by means of wire 85. 
The Continuity of the above signa circuit is 

conditioned upon the accurate setting of all 
counter Switches. Consequently when the green 
signal O is operating it is certain that all counter 
Switches are in their starting positions. 
AS Soon as the apparatus starts its counting 

operation, that is to say as soon as the first 
Counter to operate, for example the odd units 
cOuter A, responds to the first electric impulse, 
the green signal circuit is broken oy he move 
ment of the signai wiper, for example Wiper 22 
of counter Switch. A of its closed contact No. 4 
in said row 2 of signal contacts. However, the 
green signal is no extinguished until the start 
ing circuit is energized. 

Starting circuit 
The second circuit is established by operating 

the starter key 8 for the purpose of energizing a 
starting relay U. It comprises positive line I, 
starter push button, or key 87 and wires 88 and 89, 
through the upper coil of the differential relay U 
to the negative line J. The energization of relay 
U closes circuits through switches 90 and 9. The 
circuit through switch 90 includes wires 93 and 
89. It constitutes a holding circuit for the said 
upper coil of the starting relay U. 

Circuit for signal N 
Simultaneously with the closing of the start 

ing circuit through the said relay U, a circuit 
leading from wire 88 is established through wire 
94 and light N to the negative line J. This circuit 
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is maintained and consequently the white light 
signal is illuminated throughout the entire Oper 
ation of the apparatus. 

Pulsating circuit 
The circuit closed through switch 9 of relay 

U is a pulsating circuit. It includes the Wires 
G-H and the circuit breaker F. When the cir 
cuit breaker 3 is operated by the shop machine 
K or other device being controlled, the electric 
current passes from the lead G through the cir 
cuit breaker to the pulsating side H thereof. The 
wire H for the electric impulse leads to a normally 
closed switch 95 of a re-set control relay W. From 
here the impulse follows wire 96 to contacts 45-66 
of relay R, thence through wire 9, and electro 
magnet 28 to the negative line Wire J. It will be 
seen, therefore, that the electro-magnet 28 of the 
counter-switch. A will be energized with an elec 
tric impulse each time the circuit breaker F is 
closed until the said counter-Switch A is cut Out 
of the impulse circuits G-H. 
The first electrical impulse transmitted through 

the electro-magnet 28 raises the arm 26 and the 
ratchet paw 25 to engage the lower edge of the 
pawl with the next successive tooth of the ratchet 
wheel 28. When the said electro-magnet is de 
energized by the breaking of the said pulsating 
circuit at F the spring 38 operates to move the 
paw downwardly into engagement with a ratchet 
tooth and inpart movement to the ratchet wheel 
24. This movement of the ratchet wheel moves 
the rotating wipers 8 and 22 off their fixed con 
tacts 4 and onto the adjacent contacts designated 
3 in each row and 2 of fixed contacts shown 
in Fig. 4. The movement of the wiper 8, while 
the impulse circuit is in control, does not estab 
lish an additional circuit since the said contacts 
engaged by the wiper 8 function only in connec 
tion with the re-setting circuit hereinafter de 
scribed. The movement of wiper 22 of its con 
tact No. 4 breaks the green signal circuit at the 
wiper 22 and therefore extinguishes the green 
light signal. However, the green signal relay S 
remains energized so that the green signal O will 
be again established by the return of the odd 
units counter A to its pre-Set position when the 
series of impulses being Counted do not require 
the operation of the regular units counter B. 

First aero transfer 
The pulsating energization of electro-magnet 

28 moves the wiper contact 8 of counter-switch 
A in a step-by-step movement from the fixed 
contact 4 in group f4 to the 1st 0 (first zero). 
For the time being the count to the first zero is 
not transferred to higher order counters. The 
counter-switch. A merely functions to Count 
through the next group No. 15 of fixed contacts 
from contact No. 9 to contact No. 1. Simulta 
neously with the movement of wiper 8 onto con 
tact No. 1 of said group 5 of contacts, the can 
37 (Fig. 4) closes the switch contacts 39-40 mo 
mentarily so that the next impulse (the four 
teenth transmitted and corresponding to the first 
zero) is directed to the tens counter C. The cir 
cuit above established leads from the normally 
closed contact 44 of relay R, through connector 
99, normally closed switch 43 of relay R, wire 00 
to cam switch arms 39-40 of counter-Switch A, 
wires O, O2, normally closed switch contact 
03 of a re-setting relay W, and wire 04 to 

counter switch magnet 28 of counter Switch C, 
thence to negative line wire J. 
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Re-setting of old units coaliter A. 

The last mentioned (the fourteenth) impulse, 
it will be observed, energizes the relays of both 
counter switches A and C. Immediately follow 
ing this impulse, the springs 3 and 3 and their 
associated ratchet means (Figs, 4 and 8) func 
tion to move the wipers 8 and 30 of counters 
A and C one Step forward. This movement posi 
tions wiper 8 of counter A on the 2nd 0 contact 
and positions wiper 8 on the zero contact of 
counter switch C. The movement of wiper 220 
from the No. i contact to the Zero contact breaks 
the circuit of relay S, which now deemergizes. 

Ignoring for the present the Zero position of 
counter switch C, it will be seen that simultane 
ously with movement of wiper 8 of the odd units 
counter onto the second Zero, its can 38 operates 
to close the switch-contacts (38-42. These con 
tacts close ag. energizing circuit from positive 
line through wire 96 to the magnet coil of 
relay R and thence to the negative side of the 
main line J. The energization of the relay R. 
opens its switch 63 and the pulse circuit for 
counter A through the lower contact 43 of switch 
65. The said energization of relay R also closes 
the normally open switches É, $8, 69 and the 
contact 46 of switch 45. The circuit estab 
lished through switch 49 and wire consti 
tutes a holding circuit for the relay. The cir 
cuit established through switch Éa is the reset 
ting circuit for counter switch A. It leads from 
the positive line through the switch i of relay 
R, wire fo8, closed switch arms 35-36 of counter 
switch A, wires 9 and () to the connected 
groups 3 and 5 of contacts in row of switch 
A to the wiper 8 thereof. This circuit also ex 
tends from wire 99 through the closed con 
tacts of Selector switch. A to said wiper 8, 
and thence through line contact 20 and wires 

and 9 to the electro-magnet 28 and thence 
to the negative line J. The circuit just de 
*scribed, being opened at the Spring contact arms 
35-36 each time the ratchet arm 26 is raised, is 
in the nature of a buzzer circuit whereby the 
rapid series of energizations of the magnet 28 
Operate to rapidly move the Wiper arms 8 and 
22 of the Counter-Switch. A to the pre-set posi 
tion. On fixed contact No. 4. At this position all 
Operation of counter-switch A is discontinued 
because of the opening in the re-setting circuit 
at contact No. 4 of the selector switch A. 

Second aero transfer 
The Said closing of the pulse transfer relay 

R, as before indicated, closes its switch contacts 
45-46 and thereby directs the next impulse 
(the fifteenth and corresponding to the second 
Zero) to COunter Switches B, C and D. This 
transfer of the impulse is effected through the 
following circuit: From wire 96 and switch con 
tacts 45-46 of relay R, through wire 2, nor 
mally closed switch f3 of the re-setting relay 
W, thence through wire 4, and electro-magnet 
28 of counter switch B to the negative line J. 
The said Second zero impulse is directed to the 
electro-magnet 28 of the tens counter C by 
virtue of the fact that the cam switch arms 50 
5 of the regular units counter switch B are 
closed when the counter switch is at rest. All 
Subsequent transfers of Zero impulses to higher 
Order Counters are effected because said cam 
switch arms 50-5 are closed immediately prior 
to the transmission of all subsequent zero im 
pulses, 



2,348,869 7 
The circuit for the tens counter C insofar as 

the first zero is concerned has been previously 
described. The impulse circuit to said tens 
counter C, in connection with the second and 
all subsequent zero impulses, leads from the in- 5 
pulse wire 96 through switch contacts 45-46 of 
relay R, thence through conductor 5, Switch 
48 of relay R and wire 6 through said carn 
switch contacts 50-5 of the regular units 
counter B, thence through wire 92, closed 0 
switch contact 03 of the resetting relay W, wire 
64, and electro-magnet 280 to the negative side 

of the main line J. 
Inasmuch as the counter Switch C WaS pre 

viously energized by the transfer of the first 5 
zero, and the switch was itself noved to its zero 
position, its cam switch contacts 59-60 are 
now closed. Consequently, the said Second Zero 
impulse is directed to the hundreds counter 
switch. D through the following leads. From the 20 
can switch arm 50 the impulse follows through 
wire 7 through the closed cam Switch aris 
59-60 of counter switch C, thence through wire 
a 8, closed contact 9 of resetting relay W, Wire 

9', and electro-magnet 28 to the negative 23 
line J. 
As soon as the second, Zero impulse is con 

pleted the springs 3b, 38 and 3 d function to 
advance their respective counter Switches E, 
C and D one step forward, thereby moving the 30 
wiper 8d of counter switch D onto its fixed cor 
tact No. 2; moving a wiper arm 8 of counter 
C onto the No. 9 contact and also opening the 
cam switch contacts 59-66 of counter Switch C 
and opening the cam switch arms 5-5, and 25 
54-56 of counter switch 3. he said movement, 
of counter switch B also closes cam Switch arms 
54-55. However, the circuit controlled by Said 
cam switch arms 56-55 and wire 2i is Open at 
contact 22 of said resetting relay W. 
Operation of counter switch, B and Subsequent 

2ero transfers 
The counter-switch 8 continues its response 

to the electrical impulses transmitted by the cir 45 
cuit breaker F. Immediately following the ninth 
impulse of each series of ten, the cam Switch 
arms 50-51 are again closed so that the tenth 
or zero count of each group of ten impulses Will 
oe directed through the switch arms 50-53 to 50 
the counter-switch C. This cycle of Operation 
continues until the impulses transferred to the 
electro-magnet 28 of counter-switch C are Sulf 
ficient to again move one arm of its wiper 8 
onto its zero contact, whereupon its can Switches 55 
59-60 are again closed to direct the next in." 
pulse (corresponding to the final impulse of an 
other series of one hundred impulses) to both 
the tens counter C and the hundreds counter D. 
When the hundreds counter-Switch id has re- 80 

ceived sufficient impulses to move one of its Wiper 
arms 8d onto its zero contact (three impulses 
for the indicated setting of the apparatus) the 
cam switch arms 65d-66d of counter-Switch D 
close so that the next impulse reecived by elec- 85 
tro-magnet 28d of counter-switch D will be 
transmitted also to the thousands counter 
switch E as follows: Through can Switch arms 
59d-60d, wire 23, contact 24 of re-set relay W, 
wire 25, and electro-magnet, 28 of counter- 70 
switch E to the negative line J. 
The energization and deenergization of elec 

tromagnet 28e is effective to move an arm 8 of 
counter-switch E to its zero position. In this 
position of counter-switch E a lug 53 of cam 52° 

closes the switch arms 65 and 66, thereby pre 
paring the final signal circuit for energizing re 
lay X. The final signal circuit is not completed 
at this time because the impulse which energizes 
the electromagnet 289 (the 315th impulse) also 
energizes the electromagnet 28 of the hundreds 
counter-switchD (also 280 and 28b) and the coun 
ter-switch is moved in position 9 at the same 
time that counter-switch E is moved to Zero po 
sition. The Emovement of counter-switch D to 
position 9 opens the final signal circuit at Switch 
arms 65d and 66d. 
the counter-switches B, C and D continue 

to respond to inpuises in the manner described. 
The 415th impulse moves the hundreds coun 
ter-Switch to position 8, the 515th impulse 
3moves it to position, and so on, until finally, in 
response to the 325th impulse, the counter 
SWitch D is noved to zero position, thereby clos 
ing another point in the final signal circuit at 
switch arms 65d and S6d. This circuit is opened 
at Counter-switch (C, however, which moves from 
2ero position to position 9 at the saine time that 
counter-switch. D noves to zero position. . 

The counter-switches 3 and C continue to re 
Sond $o impluses. The 1225th impulse noves 
the counter-switch. C to position 3, the 235th 
impulse Snoves it to position 7, and so on, and 
the 1305th inpulse noves the switch to zero posi 
tion, whereupon the can 320 closes the switch 
&gas 65 and 8 and closes another point is the 
final sigia (circuit. The circuit is simultaneously 
opened St Counte-switch E, however, which 
moves fro: Zero position to position 9 in response 
to the 305th impulse. 
The cougaise'-SWitch is not responds to the re 

sinairing inpulses to be counted. The switch 
moves to position 3 in respoise to the 306th im. 
puise, to position in response to the 307th in 
gullse, and So Oya, reaching its zero position in re 
Sponse to the 34th impulse. When switch B 
innoves to 2ero or aorrnal position, the can 52 
closes the switch. 54-56 and completes the final 
signal circuit. The explanation of this circuit 
Will be deferred untii after the warning signal 
circuit has been explained. 

Warriag Signal circuit 

During the count of the last one hundred elec 
trical impulses the counter-switch C continues 
its operatio of receiving impulses from the reg 
las' initS coughter B, as just described. Wher it 
has received six of such impulses so that one of 
its wiper airns 98 connes to rest on the fixed 
contact 4 of said counter-switch, a cam lug 62 
of the can S closes the switch arrins 63-64 of 
counter-Switch C. Ehs operation prepares a cir 
cuit for the Warning signal relay T, which is con 
leted at the counter-SYitch B the next time 

this SWitch reaches its zero or normal position. 
This circuit leads from the positive line through 
re-setting switch contacts 35b-36 of counter 
switch 8, wire 7, can switch-arms 54 and 56 of 
counter 8, wire 78, wire 22d, closed can switch 
arms 656-66e of counter-switch E, wire 28, 
closed can switch arms 65d-66d of counter 
switch D, wires 29 and 30, through cam actu 
ated switch arms 63-64 of counter C, thence 
through wire 3 and coil of relay T to the nega 
tive line J. Relay T, upon energizing, closes a 
holding circuit through switch f32, a circuit 
through the aimber light signal P and a circuit 
for an additional warning signal member P'. 
The said relay holding circuit leads from the posi 
tive line I to a normally closed contact 35 of 
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relay W, wire 36 through a normally closed con 
tact 37 of a final signal relay X, wire 38, closed 
switch 32 of relay T, thence through wire 39 
and Coil of relay T to the negative line J. The 
closing of the switch 38 of the warning signal 
relay T establishes a circuit through the said 
amber light signal as follows: Positive lead to 
said switch 34, wire 4 through amber light P 
(Fig. 1) to the negative line J. The switch 33 
establishes a circuit through a second warning 
Signal ' which may be arranged at a remote 
location, for example at the machine being con 
trolled. This circuit is from positive tead to 
switch 33 of sald Warning signal relay, wire & 
to the remote signal P', thence to the negative 
line J. The signals P and P' are operated until 
the relay T is unlocked by the energization of 
relay X responsive to the completion of the final 
signal circuit. 

Final signal circuit 

The final signal circuit Over which relay X is 
energized is closed by the movement of the coun 
ter-switch B to zero position, as previously men 
tioned, and may be traced from the positive line 
by Way of re-set switch arms 35-36b of counter 
switch B, wire , cam-operated switch arms 
56-56 of counter-switch B, wires 8 and 2 to 
closed switch arms 65-669 of counter-switch 
E, wire 28, closed switch arms 65d-66d of coun 
ter-switch.D, wire 29, closed switch arms 65-66 
of counter-switch C, wire 42, and through the 
coil of the final signal relay X to the negative 
line J. 
The energization of final signal relay K opens 

the two normally closed circuits through its switch 
contact 37 and the normally closed switch 43. 
The opening of said contacts 3 of said relay X 
breaks the circuit through the warning signal 
relay T. This opens all circuits controlled by said 
relay T and, therefore de-energizes the amber 
light signal P and the remote signal P'. The 
opening of said Switch 43 opens a line of a hold 
ing circuit for the pulse transfer relay R, which 
holding circuit leads from the positive line 
through the normally closed switch contact 82 of 
relay S, wires 44 and 45 to said switch 63 of 
the final signal relay X, thence through wire 46, 
switch 49 of the pulse transfer relay R, and coil 
of relay R to negative line J. Relay R accord 
ingly deemergizes. In addition to breaking the 
two circuits above mentioned, the final signal 
relay X closes four actuating circuits as follows: 
One circuit includes the wire f36, closed contact 
47 and wire 148. It directs the electric current 
through the lower coil 57 of differential relay M 
for closing and holding certain final signal and 
control circuits hereinafter described. A second 
circuit includes the switch 49 and wire 50. 
This circuit energizes the re-set relay W, Fig. 2, 
which in turn establishes re-setting circuits 
through each of the counter-switches B, C, D 
and E to return their respective wiper contacts 
to their respective starting positions. A third 
circuit closed by the final signal relay X com 
prises switch 5 and wires 52-53 for ener 
gizing the lower coil of the start and stop relay U, 
thereby causing said relay to deemergize, open 
ing the several circuits closed by such relay and 
also extinguishing the White signal light N. A 
fourth circuit closed by said final signal relay X 
includes the Switch 54 and wire fS5 for momen 
tarily energizing a signal, preferably, though not 
necessarily, an audible signal 56, in the vicinity 
of the machine K. 
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Final signal holding circuits 

Referring again to the final signal holding 
relay M which is energized by the first of the 
said circuits closed by the energization of the 
relay X: The energization of the coil 57 of re 
lay M closes a holding circuit from positive line 
I through switch 58, and through coil 57 of 
relay M to the negative line J. Another circuit 
includes the Switch 6 and wire 62, through 
the red light signal L and to the negative line J. 
A third circuit closed by relay M includes posi 
tive lead through the switch 63 and wire. 65 
through a maintained signal F.', preferably a red 
light in the vicinity of the machine K. The sig 
nals, and L' continue to function until a switch 
or other circuit closing device G5 is closed in 
the negative lead 66 from the coil 6 at the 
other end of relay M. At this time both coils 
57 and 6 of relay M are brought into mo 

Consequently, relay M is de 
energized and the switch arms controlled there 
by are returned to their circuit opening posi 
tions. 

Résetting circuits 
Referring now to the re-setting circuits of the 

counter-switches B, C, D and "E: The re-setting 
relay W is energized, as before stated, by a mo 
mentary circuit closed through switch 89 of 
the final signal relay X and through wire 5. 
This momentary energization of the re-setting 
relay W closes a holding circuit which leads from 
positive lead and switch contact 82 of green light 
signal relay S, wire 46, switch W and wire 68 
through coil of re-set relay W and to the nega 
tive line J. In addition to closing the said switch 
W the re-set relay W also actuates its four ad 
ditional switches W., W., W4 and W5 to close 
the normally open contacts 22, 69, 0 and f, 
respectively. 

Resetting counter suitch B 
The closing of contact 22 of switch W2 does 

not, in the present instance, result in any re 
setting function of counter-switch B, because the 
counter-switch normally stops at 0 and there 
fore requires no re-setting. However, it is pos 
sible, by pressing the stop button to close a stop 
circuit through Switch contact 90, wires 93, 89 
and 72 to stop button f73 and wire 74 to ener 
gize the lower coil of the differential start and 
stop relay U, and thereby deenergize said relay 
to interrupt the operations of the apparatus when 
the counter-switch B is not at its 0 position. In 
Such event the cam Switch contacts 54-55, of 
counter-switch B, will be closed. . Consequently 
the re-setting circuit for said counter-switch B 
will be established from positive lead I by way 
of the make and break contacts 35-36b of the 
re-set circuit Switch, cam Switch arms 54-55, 
wire 2 and contact 22 of switch W2, wire 4, 
and through the electro-magnet 28 of counter 
switch B to the negative line J. The making and 
breaking of this circuit at the contacts 35b-36b 
produce rapid intermittent energization of said 
electro-magnet 28 and therefore rapidly ad 
vances the counter-switch B to its zero position 
and thereby opens the re-setting circuit at the 
can SWitch contacts 54-55. 

Resetting counter switch C 
Referring now to the re-setting circuit of 

counter-switch C: The closing of contact 69 of 
switch W closes the re-setting circuit for this 
counter-switch as follows: Positive wire I, the re 
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setting circuit making and breaking contacts 
35-36 of the counter-switch C, wire is through 
the closed contacts of selector switch C1 and 
counter-switch. C to the wiper contact 8e of said 
counter-switch, thence through fixed contact 20 
of Said counter-switch and wire 77 to closed 
contact 69 of relay switch W3, wire 04, and 
through electro-magnet 280 to negative line J. 
The resetting of counter switch C continues un 
ti. One of its wiper arms 8 comes to rest on the 
Open contactSo, i. 

resetting counter switchest aid E. 
The closing of contact 76 of resetting switch 

W establishes a re-set circuit, similar to the one 
described for counter-switch C, through counter 
Switch is to move its wiper arm onto the fixed 
CO2 tact (No. 3) which is opened through the 
fixed contact No. 3 of the selector switch ol. 
The Yires and making and breaking contacts of 
this circuit are given the same reference chair 
acters as the circuit for counter-switch C, out 
with the addition of the exponent, “d.' A like re 
Setting circuit for counter-switch E is effected 
by closing the contact 7 of switch w5. This 
circuit is designated by the same reference char. 
acters as the corresponding re-setting circuits for 
Counter-switch C, but with the exponent “e.' 
The opening and closing of this circuit operates 
its wiper contact 3e in a forward direction un 
til it cones to rest on the fixed contact (No. 1), 
the connection to which is oper due to the par. 
ticular setting of the selector switch E'. 
Upon the completion of the re-setting opera. 

tion of the counter-switches C, D and E, the 
previously described circuit for relay S is again 
completed and this relay energizes. At switch 
82 relay S breaks the holding circuit of the re 
set relay W, which accordingly deemergizes. Also, 
and since the counter-switch. A has already been 
Seset, relay S closes the previously described cir 
cuit for the green signal lights C and O' at 
switch. 83. 

Continuous counting operator 
As hereiraabove described, one possible circuit, 

closed by the final signal relay X may establish 
a circuit including wires 52 and 53 through 
the lower coil of the start and stop relay U to 
Selease the Switch arms of this relay and there 
Y stop all further response to the impulses from 

impulse circuit G-H, for example, by breaking 
the connection between the circuit, G-H and the 
90sitive line I. Such stoppage results when 
Switch as is closed. However, when it is desired 
that the apparatus begin immediately to count 
Or respond to anotier full series of impulses from 
tie Said ine Gi-H, the switch E8 is opened in 

he lead wire i53. When the switch 8 is opened 
before the energization of the inai signal relay 

, the start-stop relay U remains energized. Con 
Sequently, the electric impulses from line G-H. 
3re again directed to the electro-magnet 28 of 
the counter-Switch A, which switch. A begins the 
count of a new series as previously described. 

Changing number of count 
In Some situations it may be desirable to in 

crease or diminish the number of impulses for 
which the apparatus is set to count for each ful 
series. If the apparatus is so constructed that 
the Odd units counter begins its operation near the 
end of a series-in other words, if the apparatus 
is so modified or connected that it resets to zero 
and will count up from zero to a predetermined 
number, the said number may be increased or 

O 

s 

20 

25 

30 

35 

40 

55 

30 

35 

0. 

s 

ara 

St. 
diminished for any current series during the 
Count of that series. However, in the apecific con 
3truction herein shown, the conting operations 
begin at a pre-set number and Count to zero, 
Consequently the position of the Selector switches 
nay be altered during the Operation, but this 
change will not be effective for the Current series 
of impulses being counted. Such altered setting 
of the apparatus, however, will be effective for the 
next series after the apparatus is ireset, or re 
turned to the newly designated starting position. 

reset contro relay y 
In the specific form of apparatus herein illus 

trated, as above indicated, the pre-setting of the 
Selector switches determines the starting point of 
a series 92 counts rather than the finish of such 
series. Therefore, it is aecessary for accuracy, 
When leginning Operations, to set the selector 
Switches to the desired positions and then reset 
the apparatus to the newly set positions before 
starting the counting Operation. The above re. 
suits may be accomplished in the present appa 
atus by pressing a re-set push button 9 to en 
ergize the re-set, control relay W. 

The energization of relaly W closes its switches 
982-83 and opens the Switches 95 and 35. The 
closing of switch 82 of said relay establishes con 
anection from the positive line through lead 84 
to the make aid break contacts as 36 of the pre 
viously described resetting circuit Of the counter 
Switc. A. 
The closing of the switch 83 of relay W con 

sects the positive lead G 84 with Wire 65 and 
therefore energizes resetting relay W, Whereupon 
the Several relay switches W, W2, W3, W4 and 
Ware actuated to close the previously mentioned 
Fesetting circuits through counter Switches B, C, 
D and E. 
Additional start, stop and re-set push buttons 
By be connected in series With the buttons 82, 

S and 79 to permit the apparatus to be co 
trolled from a plurality of locations. 

ciam: 
... A control apparatus eSponsive to a series of 

sake and break impulses in a direct current 
electric circuit comprising an odd units counter 
SWitch, a regular units counter Switch, a plurality 
of additional counter switches of higher order, 
Operating means for said Switches including elec 
tromagnetically energized neanS, means providi 
ing electric circuits for energizing the electro 
magnets of Said switches, a circuit inaking and 
reaking device interposed in Said energizing cir 

cuit to provide electric impulses, means connect 
ing Said impulse circuit with the electro-magnet; 
of the odd units counter, means including a se 
Sector switch for determining the number of ene 
gizing impulses to be received by Said odd units 
Counter, circuit closing means effective at the 
termination of the Counting operations of said odd 
units counter to transfer all Subsequent impulses 
to Said regular units Counter, and means actuated . 
by the movement of the regular units counter for 
directing certain of said Subsequent impulses to 
a COEnter of higher order. 

2. A control apparatus responsive to a series of 
make and break impulses in a direct current elec 
ri gircuit comprising an odd units COInter 

Switch, a regular units counter SWitch, a plurality 
odditional counter switches of high order, 
electro-magnetically operated means and spring 
means made effective thereby for Operating said 
switches, means providing an electric circuit for 
energizing the electro-magnets of said Switches, 



a circuit making and breaking device interposed 
in said energizing circuit to provide electric in 
pulses, a relay for connecting said impulse circuit 
with the electro-magnet of the odd units counter, 
means including a selector switch for determining 
the number of energizing impulses to be received 
by said odd unite counter, circuit means 
closed by the final counting movement of said odd 
units counter to energize said relay and thereby 
transfer all subsequent impulses to said regular 
units counter, and means for transferring certain 
of said subsequent impulses to a counter of higher 
order, and selectively positioned means for deter 
mining the number of impulses to be received by 
each of said higher order Counter Switches. 

3. An apparatus for counting a predetermined 
series of electric impulses including a counter 
member operable to count the number of impulses 
corresponding to the lowest Order digit of the 
series plus ten, and a second counter member 
thereafter operable to complete the Count of the 
series and comprising a step by step switch Oper 
able one step for each impulse and including 
means actuated whereby each tenth impulse is 
also received by a counter member of higher 
order; means for also transmitting to said higher 
order counter member an impulse for said addi 
tional ten count of the first mentioned counter 
memoer, the said additional ten count constitute 
ing a time period during which the higher order 
counters are re-set to their starting positions, and 
means for re-setting said higher Order Counters 
to their starting positions during said time period. 

4. In a counting device, a plurality of electroe 
magnetically operated step-by-step counter 
switches of different numerical order, each said 
switch having ten positions corresponding to the 
ten degits, means for setting said Switches to poss 
tions corresponding to digits of a number to be 
counted, and means responsive to a series of eleco 
trical impulses containing a number of impulses 
equal to said number to be counted for succes 
sively restoring said counter switches to Zero posis 
tion, the restoring of each counter switches of 
higher numerical order being controlled by coun 
ter switches of lower numerical Order. 

5. A counting device as claimed in claim 4, in 
cluding a circuit completed through said switches 
responsive to the restoration thereof. 

6. In a counting device, a plurality of electro 
magnetically operated counter switches of differe 
ent numerical order, each switch having ten posi 
tions corresponding to the ten digits, a device to 
be operated responsive to a predetermined nun 
ber of electrical impulses, means for setting said 
switches to positions corresponding to the digits in 
said number, means responsive to said impulses 
for successively restoring said Switches to zero 
position, the restoring of the switches of higher 
numerical order being controlled by switches 
of lower numerical order and means controlled 
by the last of said switches to return to zero posi 
tion for operating said device. 

7. In a counting device, a plurality of electros 
magnetically operated counter switches, each 
switch having ten positions corresponding to the 
ten digits, respectively, a plurality of selecting 
switches associated with said Counting Switches, 
respectively, each selecting switch also having 
ten positions corresponding to the ten digits, re 
spectively, means for adjusting said selecting 
switches in accordance with the digits of a num 
ber, electrical circuit means for operating said 
counting switches to set the same in digit posio 
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their respective selecting switches, indicating 
means responsive to the correct setting of said 
counter Switches, and means responsive to eleca 
trical impulses to be counted for restoring said 
counter switches to zero position. 

8. In a counting device, 8, plurality of counter 
Switches of different numerical order, each switch 
having a wiper and a bank of contacts, a pilla 
rality of Selecting switches associated with ssia 
counting switches, respectively, each selecting 
switch also having a wiper and a bank of coat 
tacts, means for adjusting the wipers of said. 
selecting switches to desired contacts in the asso 
ciated contact banks, means for automatically. 
operating said counter switches to position the 
wipers thereof on bank contacts corresponding 
to the contacts engaged by the wipers of said 
selecting switches, and a circuit including a 
said wipers and the engaged contacts in series. 

9. In an impulse counting device, a plurality of . 
step-by-step counter switches of different 3 
merical order, each switch having ten positions 
corresponding, respectively, to the ten digits of 
the decimal System, means for pre-setting said 
switches, respectively, in accordance with the 
digits in a number representing the number of 
impulses to be counted, means responsive to said 
impulses for successively operating said switches. 
to Set each SWitch in accordance With the 220 
position thereof, a relay energized responsive to 
the completion of the setting of said switches in 
zero position, and means including a second 
relay controlled by said first relay for resetting 
said Switches in accordance with the digits in the 
number of impulses to be conted. 

10. In an impulse counting device, a plurality 
of step-by-step counter switches of different nu 
merical order, each switch having two positions 
corresponding, respectively, to the ten digits of 
the decinal system, means for pre-setting said 
Switches in accordance with the digits in a num 
ber representing the nurber of impulses to be 
counted, means responsive to said impulses for 
Successively operating said switches to set each 
switch in accordance with the zero position 
thereof, a relay energized through serially related . 
contacts in said Switches which are closed in the . 
Zero position thereof, a self-locking relay ener 
gized by said first relay, a third relay energized 
by said first relay, and means including said third 
relay for resetting said switches in accordance 
with the digits in the number of impulses to be 
counted. 

ii. In an impulse counting device, a plurality 
of step-by-step counter switches of different nu 
merical order, each Switch having ten positions 
corresponding, respectively, to the ten digits of 
the decimal System, means for pre-setting said 
Switches in accordance with the digits in a nun. 
ber designating the number of impulses to be 
counted, means responsive to said impulses for 
Successively operating said switches to set each . 
Switch in accordance with the zero position 
thereof, a relay energized responsive to the set. 
ting of said Switches to zero position, means in 
cluding said relay for automatically resetting said 
Switches in accordance with the digits in the 
number of impulses to be counted, and a reset 
ting control relay adapted when energized to 
stop the response of said switches to said impulses 
and to energize said first relay. - 

12. In a counting device for counting a prede 
termined number of electrical impulses, main 
and autiliary units counters, a tens counter, tions corresponding to the adjusted positions of means for operating the ataxiliary units counter 
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responsive to certain of said inpulses, means for 
operating said main units counter responsive to 
the remainder of said impulses, and means in each 
counter. 

13. In a counting device for counting a prede 
termined number of electrical impulses, main and 
auxiliary units counters, a tens counter, means 
including an impulse circuit for Operating said 
auxiliary units counter respulsive to a number 
of impulses corresponding to the units digit of 
said number and responsive to a plurality of 
succeeding impulses, means in said auxiliary units 
counter for controlling said tens counter, means 
effective upon the response of said auxiliary units 
counter to the last of said succeeding impulses 
for transferring said impulse circuit to said main 
units counter, whereby the latter counter re 
sponds to the remainder of said impulses, and 
means in said main units counter for controlling 
said tens counter. 

14. In a counter for counting successive series 
of impulses, each series having a predetermined 
number of impulses, a plurality of Switches 
adapted to be set in accordance with digits in 
said number, a plurality of counters, means in 
cluding said switches for operating said counters 
to set the same in different positions in accord 
ance with the digits in said number, means re 
sponsive to a said series of impulses for restoring 
said counters, a circuit completed responsive to 
the restoration of all said counters for marking 
the end of the Series, and means Controlled Over 
said circuit for automatically resetting said 
counters to the same positions as before to enable 
them to respond to the impulses of the next series. 

15. In a counting device for counting impulses, 
a units counter responsive to impulses to be 
counted, a tens counter, and means for causing 
two successive impulses which actuate said units 
counter to also actuate said tens counter. 

16. In a counting device for counting impulses, 
a units counter responsive to a variable number 
of impulses not less than ten nor more than nine 
teen, a tens Counter, means for causing the last 
impulse which operates the units counter to also 
Operate said tens counter, and means for causing 
the next impulse to operate the tens counter 
again. 

17. In a counting device for counting impulses, 
a units counter responsive to a variable number 
of impulses not less than ten nor more than 
nineteen, a tens counter, means for causing the 
last impulse which operates the units counter 
to also operate said tens counter, a second units 
counter, and means for causing the next impulse 
to operate Said second units counter and said tens 
Counter. 

18. In a counting device for counting a pre 
determined number of impulses, a units counter 
responsive to a part of the impulses to be counted, 
a Second units counter responsive to the re 
mainder of the impulses to be counted, a tens 
counter, and means for causing the last impulse 
Which Operates the first units counter and the 
first impulse which operates the second units 
counter to Operate said tens counter. 

19. In a counting device for counting a prede 
termined number of impulses, a units counter 
having ten different starting positions, means 
for setting said counter in any one of said posi 
tions, a second units counter having only a 
single starting position, means for directing im 
pulses to be counted to said first units counter, 
means controlled by said units counter responsive 
to the receipt of a number of impulses deter 
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mined by the starting position to which it was 
set for directing subsequent impulses to said 
second units counter, and a tens counter con 
trolled by said units counters. 

20. In a predetermined counting device for 
counting series of electrical impulses, a counter 
adapted to respond to impulses, a circuit over 
which impulses are delivered to said counter, a 
second counter, a transfer relay controlled by 
said first counter for switching said circuit from 
the first counter to the second counter, whereby 
the second counter is enabled to respond to the 
remaining impulses of a series, means for restor 
ing said first counter to its starting position 
during the operation of the second counter, and 
means responsive to the last impulse of the series 
for deemergizing said transfer relay to switch 
the said impulse circuit back to the first counter, 
whereby said first counter is made responsive to 
impulses of the next series. 

21. In a counting device for counting successive 
series of impulses from an indefinite train of 
inpulses, a counter responsive to certain indi 
vidual impulses at the beginning of a series, a 
second counter responsive to the remaining im 
pulses of said series, means for restoring said 
first counter to its starting position during the 
operation of the second counter, counters of 
higher numerical order controlled by said first 
and second counters, means responsive to the 
last impulse of the series for restoring said higher 
order counters to their starting positions, and 
means also responsive to said last impulse to 
cause said first Counter to start responding to 
impulses of the next series. 

22. In a counting device for counting a prede 
termined number of impulses a plurality of times, 
tens and units step-by-step counting switches, 
means for setting said switches in accordance 
with the tens and units digits of said number, 
respectively, means responsive to impulses for 
advancing said switches to zero position, said 
means including a second units counter-switch 
responsive to impulses received subsequent to the 
restoration of Said first lunits counter-switch, 
means for resetting Said first units counter-switch 
to prepare it for use in counting said number of 
inapulses the second time, means controlled by 
said second units counter-switch and said tens . 
counter-switch in Zero position for restarting the 
operation of said first units counter-switch, and 
naeans for resetting said tens counter-switch 
while said first units Counter-Switch is again ad 
vancing to Zero position responsive to impulses. 

23. In a counting device for counting a prede 
termined number of impulses, a tens counter, 
means for setting said counter in accordance with 
the tens digit of said number, a units counter 
normally standing in 2ero position, means re 
sponsive to impulses to be counted for operating 
said units counter, means including a switch 
closed by the units counter in zero position for 
causing each impulse received by said units 
counter in Zero position to operate said tens 
counter, whereby said tens counter is moved to 
Zero position, and a circuit jointly controlled by 
said Counters the next time Said units counter 
reaches Zero position. 

24. In a counting device for counting a prede 
termined number of impulses, first and second 
counting switches of different numerical order, 
each Switch having a bank of ten contacts and 
Wiper means adapted to traverse said contacts 
always in the same direction, means responsive to 
inpulses to be conted for advancing said first 
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switch repeatedly to zero, means effective when 
ever the first switch is in Zero position for caus 
ing the next impulse to advance both switches, 
whereby when the second switch arrives at Zero 
the first switch is advanced to the next adjacent 
position, and a circuit completed by the said first 
and second switches the next time the said first 
SWitch reaches Zer0. t 

25. In a counting device for counting 8 predee 
termined number of impulses, first and second 
counting switches, each having motion in one 
direction only, means for setting said switches in 
accordance with two digits, respectively, of a 
number of impulses to be counted, means respon 
sive to impulses to be counted for advancing 
the first switch repeatedly through its Zero posi 
tion, means effective each time the first switch is 
in zero position for advancing both switches, 
whereby when the second switch reaches zero 
position the first switch will leave Zero position, 
and a circuit extending through both switches 
in zero position which is completed the next time 
the first Switch reaches its zero position. 

26. In a counting device for counting successive 
series of impulses from an indefinite train of 
impulses, a signal circuit, counters of different 
numerical orders responsive to impulses of said 
train, means controlled by said counters for clos 
irag said circuit at the end of each series of in 
pulses, and means for predetermining the nun 
ber of impulses in each series, including selecting 
means adjustable while a series of impulses is 
being counted for changing the length of the 
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next series without affecting the length of the 
series being counted. 
2. In a counting device for counting successive 

series of impulses from an indefinite train of 
impulses, counters of different numerical orders 
having different starting positions dependent 
upon the length of said series, means responsive 
to the impulses of each series for restoring said 
counters to zero position and for resetting them 
to their starting positions, a signal circuit com 
pleted by said counters each time in zero posi 
tion, and switching means adjustable during the 
count of One series of impulses to predetermine 
new starting positions to which the counters are 
reset upon the completion of the count, whereby 
the length of the next series to be counted may 
be changed. 

28. In a predetermined counter, a plurality of 
step-by-step counter switches of different nu 
merical order, each switch having a plurality of 
digit positions and a pair of contacts closed in 
only one of said positions designated as the con 
trol position, means for setting said switches, 
respectively, in accordance with digits in a num 
ber representing the number of impulses in a 
train of impulses to be counted, means responsive 
to Said train of impulses for restoring said 
switches successively step by step to their con 
trol positions, including means whereby the switch 
of lowest numerical order is restored last, and a 
circuit extending through said pairs of contacts 
in series upon the restoration of the last of said 
switches to be restored. 

FREDERICK A POOLE. 


