2,989,667

L. V. SWINK
SEQUENTIAL TIMER AND CONTROLLER

June 20, 1961

Filed Jan. 13, 1958

E yysaL  4usst E

m v¥saL v¥sEL W

l

INVENTOR.

Swink

Liovp V.

" 8§ Strutton)

bIM,
P
6m-] M~ €92
° \Ntﬂu
7 _ ¥ 2
9¥Mo ‘
- oM
Ly o 92 =) ? :
9d " ,.In/ 192
9y ew] &9 vw.“. I | 292
om? oma- | goma’T]
azmo, [IM— mN\ﬂl
L J
2 Lim 12m \ [|§\P|- oem
Sd, 05 .VQ\\\\I\WP IV\W.&.\ .NN.J
y 67 €91 24N mqD%% vEM
el LY S T J
S _@\\s }%\\sm\\s ) o.,P/Q.\ N .
£im WV% ‘ 1 AHHIw.l g s 1Y Lel4
e 7 “.r.r.r._. \@3“ i 4 Jth
L1 w\\s\gﬂ. 21| o1 12 S.om .._
1M ko= 2k 7
2 ¢t | [zemo czM L em
12 1 Ezww v PEM
1M 8
ez | e Y T Wi vzl e i B o9
py¥alL 6. N\ vlto nﬂ?\rw. L ozmo
91| g4 9emo” o N R
. 5 £t 4 o] Drgefoem
I/ 0zM] A 16059 7
et pn A g7 24- 2859 9 [T o5
L .
£SH mma%ﬁm 14 NW >4 4L ; is M,
Py
v
1% o;\“ w&ﬂn\\” tﬂ”\ /Nw— 955
o

A770RNEY



United States Patent Of

2,989,667

Patented June 20, 1961

1CC

1

2,989,667
SEQUENTIAL TIMER AND CONTROLLER
Lloyd V. Swink, 8660 Morehart Ave., Sun Valley, Calif.
Filed Yan. 13, 1958, Ser. No. 708,611
15 Claims. (CL 317—142)

This invention relates to time control and concerns
particularly arrangements for effecting sequential control.

An object of the invention is to set up time intervals
of predetermined length in sequence for conirolling a
plurality of devices.

A further object is to provide convenient and quick
adjustment of lengths of time intervals.

Still another cobject is selectively either to adjust the
length of all time intervals in a program without changing
the proportions or to change the proportionate lengths
of any one or more intervals in the program.

Still another object is to provide either automatic ter-
mination of a program of time intervals, adjustment or
extension of time in each case responsive to surrounding
conditions such as moisture, temperature, light, etc.,
which affect a device being controlled. Another - object
is to provide manual interruption at any point in the
program and restart at the point of interruption or re-
turned to beginning of sequence.

Still another object is to provide compensation for
variations in such surrounding conditions.

Another object is sequential control of sprinklers in
different areas responsive to weather conditions.

Other and further objects, features, and advantages
of the invention will become apparent as the invention
proceeds.

In carrying out the invention in accordance with a
prepared form thereof, a basic interval timer is provided
which takes the form of a resistance-condenser time delay
circuit. There is a source of charging current for the
time delay circuit and a discharge device for discharging
the circuit whenever voltage reaches a predetermined
magnitude. Grid rectification of a thyratron type of
electronic discharge device may be employed for charging
the circuit from the charging source. In order to protect
the thyratron discharge device from excessive current load,
a delay relay may be provided for initially heating the
thyratron before connecting it in the charging circuit.
There is a pulse latching relay having forward and return
positions responsive to the delay circuit for reconnecting
the discharge circuit after successive basic time intervals
have been defined by the delay circuit.

A time extending stepping relay is utilized responsive
to position of the pulse latching relay. The time extend-
ing stepping relay has a home position and a plurality
of other positions, any one of which may be selected
for defining a predetermined multiple of the basic time
interval defined by the time delay circuit. A time setup
stepping relay is provided having a plurality of contacts
cooperating with a plurality of selector switches, one for
each such contact. Each selector switch has contacts
selectively connected to contacts of the time extending
stepping relay to enable a series of time intervals to be
produced, each  constituting a selected multiple of the
basic time interval of the time delay circuit, the succes-
sive time intervals being the same or different according
1o the setting of the selector switches, An actuator latch-
ing relay is provided under control of the time setup
relay, and there is a time distribution relay also actuated
by the actuator latching relay. The time exiending step-
ping relay has a coil responsive to the actuator relay for
immediately returning the time extending stepping relay
to a home position. The time distribution relay has a
conmection to the home position for shutting off the pulse
latching relay and terminating the time cycle.

Provision is made for terminating amy of the time
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intervals and then recommencing the cycle in the event
of an event such as the occurrence of an excess or de-
ficiency of moisture, light, temperature or the like, and
further provision is made for extending any of the time
intervals automatically in response to the occurrence of
such a condition. :

A better understanding of the invention will be afforded
by the following detailed description considered in con-
junction with the accompanying drawing, the single figure
of which constitutes a circuit diagram, partiaily schematic,
of a sequential timer in accordance with the invention,

As shown in the drawing a resistance-condenser dis-
charge circuit including a resistor 11 and a selected one
of a group of condensers 12, 13, and 14 is provided for
determining a pulse time, which constitutes the basic
time interval in the system. The condensers have differ-
ent values of capacity and there is a selector switch 15
for selecting whichever one of the condensers will give
the desired time-constant, for the pulse length desired.
To this end, also, the resistor 11 is provided with a re-
sistance-varying sliding tap 16.

There is a starter latching relay SLR for connecting
one of the selected condensers such as 12 to a charging
circunit energized by alternating-current supply input ter-
minals 17 and 18.

For actuating the starter latching relay SLR and con-
necting it to the source 17—18, either a manual switch
MS~1 or contacts S of a controlling device (not shown)
are provided.

There is a pulse latching relay PLR for actuating sub-
sequent mechanism in response to termination of a pulse
as measured by the charging time of one of the con-
densers 12, 13, and 14. For energizing the relay PLR
a pulse originating thyratron POT is provided having a
grid 19 through which the condenser is charged by grid
rectification.

A time-extender stepping relay TESR is provided which
has successive positions to which it is moved by the
successive actuations of the pulse latching relay PLR.
There is also a time setup stepping relay TSSR with a
plurality of time selector switches, only two of which,
TSS1 and TSS2, are shown, interposed between the step-
ping relays TESR and TSSR.

There is a time distribution stepping relay TDSR for
actuating at different times determining by the setting
of the apparatus a plurality of electrical devices (not
shown) adapted to be connected to it.

An actuator latching relay ALR is provided for simui-
taneously advancing the stepping relays TSSR and TDSR:
at times determined by the settings of the stepping relays,
TESR, TSSR, and TDSR and the time selector switches
TSS. A plurality of control latching relays CLR1 and
CLR2 are provided for enabling the apparatus to re-
spond automatically to various external conditions. For
actuation of the latching relay CLR1 and CLR2 trigger
control thyratrons TCT1L and TCT2 are provided with
control circuits electrically responsive to conditions such
as moisture and temperature, for example. A plurality
of thermal delay switches TDR-1, 2, 3, and 4 are pro-
vided for introducing delay in various parts of the circuit.

A filament transformer T is provided with a relay con-
nection to permit heating thyratron filaments before the
apparatus is energized.

The latching relays are all four-pole double-throw re-
lays with actuating coils and return coils.

For example, the pulse latching relay PLR has mov-
able contacts P1, P2, P3, and P4 cooperating with a
corresponding set of lower or “A” position stationary
contacts P1A, P2A, P3A, and P4A, respectively. There
are also corresponding “B” position stationary contacts
P1B, P2B, P3B, and P4B. There is an actuating coil PC
for lifting the movable contacts P1-P4 to the stationary
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contacts PAB-P4B, respectively. There is also a return
coil PR for restoring the movable contacts to the position
illustrated, viz., in contact with the “A” position station-
ary contacts, For convenience in describing the opera-
tion, the position of the movable contacts illustrated is
referred to as the “A” position and the opposite position
with movable contacts lifted is referred to as the “B” posi-
tion as indicated by the double-ended arrow 28. For
simplification of the drawing, reference characters for the
stationary contacts are omitted, and they are identified by
the corresponding movable contacts and position-identi-
fying letters ‘A or B, referring to the arrow 20.

Corresponding elements of the other latching relays
SLR, ALR, CLR1 and CLR2 are identified by the refer-
ence characters:

51-54, S1A-S4A, S1B-S4B, SC, SR

Al-Ad, A1A-A4A, A1B-A4B, AC, AR

1C1-1C4, 1C1A-1C4A, 1C1B-1C4B, iC, 1R

2C1-2C4, 2C1A-2C4A, 2C1B-2C4B, 2C, 2R, respec-
tively.

The time extender stepping relay TESR comprises a
rotatable contact arm 21 having a normal position in
contact with a stationary home contact 22 adapted to co-
operate with a plurality of other stationary contacts
TESR1 to TESR1S, for example. There is an actuating
coil TESRA for advancing the contact arm 21 one sta.
tionary contact at a time for each energization of the
actuating coil TESRA. There is also a return coil TESRR
for returning the contact arm 21 to the home position 22
when the coil TESRR is energized.

Each of the time selector switches TSSI, TSS52, etc.,
the others not being shown, is provided with a rotatable
contact arm 23, 23A etc., and a plurality of stationary
contacts, marked 1, 2, 3, etc., with which the contact arm
23 or 23A is adapted to cooperate. The contact arm 23
is electrically connected to a stationary terminal 24.
Corresponding parts of the time selector switch TSS2 are
designated by the same reference numerals as in con-
nection with the switch TSS1 except for the addition of
thte suffix letter A. The number of stationary contacts
in the time selector switches TSS1, TSS82, etc., is selected
according to the number of different lengths -of time
intervals which it may be desired to provide in an adjust-
able program. The number of such switches is deter-
mined by the number of different devices to be controlled.

The time setup stepping relay TSSR is provided with a
rotatable contact arm 25 having a normal position in con-
tact with a home contact 26. In addition, there are a
plurality of stationary contacts marked 1, 2, 3, etc. For
each one of the stationary contacts 1, 2, 3, etc., there is a
separate time selector switch TS1, TS2, etc., the addi-
tional time selector switches not being illustrated in the
drawing for the sake of simplicity. The number of sta-
tionary contacts is thus determined by the number of de-
vices to be controlled.

For actuating the movable contact arm 25 of the time
setup stepping relay TSSR, there is an actuating coil
TSSRA which is adapted to advance the arm 25 from one
stationary contact to the next upon each energization of
the coil TSSRA. There is also a return coil TSSRR for re-
turning the rotatable contact arm 25 to the home position
26 when the coil TSSRR is energized.

The time distribution stepping relay TDSR is similar
in arrangement and construction to the time setup step-
ping relay TSSR having a rotatable contact arm 27 mov-
able from a home staticnary contact 28 over a plurality
of other stationary contacts. There may be any desired
number of stationary contacts, but the number that is
selected is made the same for the time setup stepping
relay TSSR and the time distribution relay TDSR. The
stationary contacts 1, 2, 3, etc., are connected to devices
not shown which it is desired to energize or cause to be
actuated at the predetermined times for which the sequen-
tial timer or controller is set or adjusted.
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The thermal delay relays may be of conventional con-
struction, some being normally open and some normally
closed. For example, the thermal delay relay TDR1
comprises an evacuated envelope 31 containing a resist-
ance-type heater 32 for actuating a pair of contacts 33 and
34, the contact 33 being of the bimetallic type so as to be
moved into contact with the contact 34 after current has
flowed in the heater 32 long enough to raise the tem-
perature the requisite amount. The thermal delay relay
TDR1 thus has contacts of the normally-open type.

The thermal delay relay TDR2 is similar in construc-
tion except for being of a normally-closed contact type
having a heater 35 with normally-closed contacts 36.
The thermal delay relays TDR3 and TDR4 are of the
normally-open contact type having heaters 38 and 39 re-
spectively and normally-open contacts 41 and 42 respec-
tively. The thermal delay relay TDRS is of a normally-
closed contact type having a heater 43 and normally-closed
contacts 44. A second manual switch MS2 may be pro-
vided and preferably there is a filament heating trans-
former T1 for the filaments or heaters of the thyratrons
POT, TCT1, and TCT2. The filament transformer T1 has
a primary winding 45 adapted to be connected to the in-
put terminals 17 and 18 by means of suitable contacts, as
will be explained in greater detail hereinafter, and a sec-
ondary winding 46 to which the filaments of the thyra-
trons POT, TCT1, and TCT2 are connected in parallel.

For adjustment of the voltage for charging the con-
densers 12 to 14, a potentiometer P7 is provided having
an adjustable contact or tap 47.

The trigger control thyratron TCT1 is provided with a
control grid 48 connected through a resistance network,
including resistors R1, R2, and R3 and a potentiometer
PS5, to a pair of signal input terminals 49 and 50 adapted
to be connected to either a voltage generating or resist-
ance-varying control device such as a humidity indicator,
thermometer, lightmeter, or other control device.

Likewise, the trigger control thyratron TCT?2 has a
control grid 51 connected through a resistance network
including resistors RS, R6, R7, and a potentiometer P6 to
a pair of signal input terminals 52 and 53 to which an-
other voltage-generating or resistance-varying control de-
vice may be connected.

In order to place the apparatus in operation, it is con-
nected to the voltage supply input terminals 17 and 18.
This may be accomplished either by the closure of the
switch § automatically in response to the operation of
other apparatus (not shown) or may be accomplished
manually by closing the manual switch MS1. A circuit
is then completed from the terminal 17 through the switch
S or MS1, a conductor W2, the contacts S1 and S1A of
the starter latching relay SLR, the coil SC of that relay,
and grounded conductors 55 and 56 to the terminal 18
which is a ground terminal.

Current through the conductor W2 energizes the coil
SC, moving the contacts S-1, S-2, S-3, and S—4 from the
A position illustrated to the opposite or B position where
they make contact with the stationary contacts S1B, S2B,
S3B. and S4B, respectively.

This completes a circuit from the terminal 17 through
the switch S, conductor W2, contacts SI and S1B of the
starter latching relay SLR, the conductor W3 to the home
stationary contact 26 of the time setup stepping relay
TSSR, its contact arm 25, an output conductor W27
through the coil AC of the actuator latching relay ALR
and conductors 59, 60, and GW25 to the grounded con-
ductor 56. The flow of current through the coil AC
moves its contacts to the opposite position from the one
illustrated. This completes a circuit from input terminal
17 through a conductor W4 and contacts S2 and S2B of
the starter latching relay SLR through conductor 62 and
W5 to contacts A2 and A2B of the actuator latching
relay ALR and conductor W26 through the coils TSSRA,
and TDSRA in parallel of the time setup stepping relay
TSSR and the time distribution relay TDSR through con-
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ductors 64, 60 and GW25 back to the grounded conductor
56. The flow of current through the actuator coils
TSSRA and TDSRA simultaneously moves the contact
arms 25 and 27 from the home positions 26 and 28 to
the number 1 positions making contact with number 1
stationary contacts.

A circuit is also completed from the terminal 17
through conductor W4, contacts S2 and S2B of the starter
latching relay SLR, conductors 62, W5, W10 and 68, con-
tacts P1 and P1A of pulse latching relay PLR, conductor
W8, contact arm 21 of the time extender stepping relay
TESR to home position contact 22, conductor W29, ther-
mal element 32 of relay TDR1, conductors 72, 60, GW25,
back to grounded conductor 56. After the rated time the
contacts 33 and 34 of the thermal delay relay TDR1
close. This connects the previously traced circuit through
the conductor W29 through the thermal delay relay con-

tacts 33 and 34, a conductor W30, contacts A3, A3B, of.

the actuator latching relay ALR, coil AR thereof, and
conductors 59, 60, GW25, 56 to terminal 18. This re-
turns the movable contacts of the relay ALR to that
illustrated.

A circuit is completed also from the input conductor
W4 through contacts S2, S2B of the starter latching relay
SLR, conductors 62 and 65, coil PC of the puise latching
relay PLR, a conductor W6 to the plate of the pulse
originator thyratron POT, conductors 75 and 76, primary
winding 45 of the filament transformer T1, conductor 77
to a conductor 81 connected to grounded conductors 60
and GW25.

The closing of the contacts 42 of the thermal delay
relay TDR4 occurs after the rated time as a result of
formation of a circuit through the heater 39 as follows:
terminal 17 and elements W4, S2, S2B, 62, W5, W10, a
conductor 79, heater 39, the conductors 81, 60, GW25,
56 to terminal 18. After the contacts close, the cathode
of the thyratron POT and the conductors 78 and GWS51
are grounded through the elements P4A, P4, a conductor
GW36, contacts 42, and conductors 81, 60, GW25, 56.
The thermal delay relay TDR4 serves to allow sufficient
time for all thyratron filaments to heat prior to loading of
their respective circuits.

Ground for the cathode of the thyratron TCT1 is pro-
vided through conductors GW28 and 84, contacts 1CIA,
1C1, a conductor GW52, and elements GW36, 42, 81, 60,
GW25, 56 to the terminal 18.

Ground for the thyratron TCT2 is provided through-

elements GW46, 2C1A, 2C1, GWS53, 84, 1CI1A, 1Ci,
GW52, GW36, 42, 81, 60, GW25, and 56 to 18.

The grid circuit of the pulse originator thyratron POT
consists of the elements 17, W4, S2, S2B, 62, W5, W10,
P7, 47, 15, one of the condensers 12, 13, or 14, and the
resistor 11 of potentiometer P8. '

The pulse originator circuit operates as follows: The
condenser 12 with the switch 15 in position shown is
charged by grid rectification in a circuit from the potenti-
ometer P7, including condenser 12, a conductor W12,
grid 19, cathode of POT, conductor 78, resistor R4, con-
ductor 76, winding 45, and conductors 77, 81, 60, GW2S,
56, and 18. The potentiometer P7 provides coarse ad-
justment of the potentiometer P8, fine adjustment of de-
lay time.

The condenser 12 discharges at a slow rate until the
grid of the pulse originator thyratron POT becomes suffi-
ciently positive to allow the thyratron POT to conduct
through a circuit completed through the coil PC of the
pulse latching relay PLR from the terminal 17, through
elements W2, 82, S2B, 62, and 65. The relay PLR is
thereby energized, moving its contacts P1, P2, P3, P4,
from the position illustrated.

Thereupon a circuit is completed from the input ter-
minal 17 through conductor W4, contacts S2 and S2B,
conductor 62, W5, W10, 68, contacts P1, PIB of relay
PLR, conductor W7, time extender stepping relay actua-
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6
tor coil TESRA, and conductors 91, GW25; 56, to ground
terminal 18. : -

In consequence the contact arm 21 of the time ex-
tender stepping relay TESR moves from the home posi-
tion 22 to the number 1 position.

A circuit is also completed through the conductor W4,
through contacts S2 and S2B of the relay SLR, conduc-
tors 62, W5, W10, 68, contacts P2, P2B of the relay PLR,
through a conductor W9, thermal element 38, and con-
ductors 81, 60, GW25, and 56 to terminal 18. = After the
rated time delay the contacts 41 close. The circuit from
the conductor W9 is now connected through contacts 41,
a conductor W20, return coil PR of the relay PLR, a
conductor 94 and the conductor 55 to the ground con-
ductor 56. The relay PLR, in consequence, returns to
the position illustrated.

There is now a circuit from conductor W4, contacts
S2 and S2B of the relay SLR, conductors 62, W10, 68,
contacts P1, P1A of the relay PLR, conductor W8, and
arm 21 to contact 1 in the first position of the time ex-.
tender stepping relay TESR. Assuming that no outside
variable such as light, temperature, moisture, etc., has at
this time reached a stage to make an appreciable effect on
terminals 49 and 50 of the trigger contro] thyratron cir-
cuit TCT1, the circuit for contact TESR1 remains in-
complete.

As before the ground circuit of the pulse originator
thyratron POT is made complete through conductors 56,
GW?25, 60, 81, contacts 42 of the delay relay TDR4, con-
ductor GW36, contacts P4 and P4A, and conductors
GW51 and 78. Grid rectification again takes place.
After the delay developed through the condenser 12 and
the potentiometers P7 and P8 the thyratron POT con-
ducts, the pulse latching relay PLR is again energized
moving its contacts from the position illustrated. A pulse,
the duration of the time delay relay TDR3, passes through.
the contacts P1 and P1B of the relay PLR and the con-
ductor W7 to the actuator TESRA moving the contact
arm 21 to the second position.

Assuming no outside variable such as light, tempera-
ture, moisture, etc., has reached a stage to make an ap-
preciable effect upon terminals 52 and 53 of the circuit
of the trigger control thyratron TCT2, the circuit from
the second position of the time extender stepping relay
TESR is incomplete.

After another cycle is passed through by the pulse orig-
inator circuit, the contact arm 21 is moved to position 3
of the relay TESR. ;

Tie-in of the terminals of the relay TESR is optional
according to whether short or long programming is de-
sired. At position 3, as the drawing shows, a conductor
W37 is connected to TESR terminal 3 as well as to the
number 1 terminal of all the time selector switches TSS1,
TSS2, etc. (the remaining time selector switches not being -
shown). One time switch may accommodate each posi-
tion of the time setup stepping relay TSSR; or may be’
used for several positions as required by the system being
controlled.

Since, as shown in the drawing, time selector switch
TSS1 is not set on position 1 but on position 6, contact
arm 21 of time extender stepping relay TESR will have -
to move fo position 18 before a circuit will be complete
to position 1 of time setup stepping relay TSSR. The.
terminals from time selector switches TSS to time ex-.
tender stepping relay terminals need not be held to three
positions apart but may be set up to the type of pro-.
gra'mming required by the system under control of the
unit.

With each cycle of pulse originator, contact arm 21
of time extender stepping relay TESR continues to move
over open positions and wired positions until said contact -
arm 21 reaches position No. 18 of time extender step-
ping relay.

As said arm reaches position 18 and pulse latching
relgy contacts are moved back to A position through
action of time delay relay TDR3: A circuit is again com- -
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plete from input wire W4; through contacts 2, B position,

starter latching relay SLR; through wires W5, W19,
through contacts 1, A position, pulse latching relay PLR;
through wire W8; through input I of time extender step-
ping rélay TESR; through contact arm 21 of said relay;
through position 18 of said relay; through wire W42;
through position 6 time selector switch TSS1; through
switch arm 23; through wire W43; through position 1
time setup stepping relay TSSR; through 25 of said relay
(this arm had been moved to position 1 at start of unit)
through output of said relay; through wire W27; through
coil AC of actuator latching relay, conductors 59, 60 to
ground wire GW25. Current through circuit energizes
coil AC, connecting contacts 1, 2,3, and 4 at B position.

Circuit now completed through input wire W4 through
contacts 2, B position starter latching relay; through wire
W5, through contacts 2, B position actuator latching re-
lay ALR; through wire W 26; through time setup stepping
relay actuator TSSRA and time distribution stepping relay
actuator TDSRA (wired in parallel); through conductors
64 and 60 to ground wire GW25. Current through cir-
cuit energizes coils time setup stepping relay activator
TSSRA and time distribution stepping relay activator
TDSRA. Simultaneously, respective contact arms 25 and
27 of said relays move to their respective positions 2.
Timing of position 1 time distribution stepping relay
TDSR has been completed and time is now set up on
position 2 of time setup stepping relay TSSR for dis-
tribution of current through No. 2 position of time dis-
tribution stepping relay TDSR.

Circuit also completed through input wire W4; through
contacts 2, B position of starter latching relay SLR:
through wire W5; through contacts 4, B position actuator
latching relay ALR; through wire W54; through time ex-
tender stepping relay return TESRR and conductor 91 to
ground wire GW25. Current through circuit energizes
said return coil of said relay. Contact arm 21 of said
relay is moved back to home H position 22.

Circuit now completed through input wire W4; through
SLR contacts 2, B position; through wire WS5; through
wire W10; through contacts 1, A position of pulse latch-
ing relay PLR; through wire WS; through input I of
time extender stepping relay TESR,; through contact arm
21 of said relay; through home position 22; through wire
W29; through thermal element of time delay relay TDR1;
to ground wire GW25. Current through circuit causes
contacts -of said delay relay to close after rated time.
Circuit now continues: through contacts of said delay
relay; through wire W30; through contacts 3, B position
of actuator relay through coil AR of actuator latching
relay ALR to ground wire GW25. Current energizes coil
of said relay moving contacts 1,2, 3, and 4 to A position.

Circuit now completed from contacts of time delay
relay TDR1; through wire W30; through contacts 3, A
position of actuator latching relay ALR; through wire
W31 to contacts 4, A position of control latching relay
CLR2. Circuit incomplete from this position on, at this
time.

Circuit -completed from input wire W4; through con-
tacts 2, B position of starter latching relay SLR; through
wire W5; through contacts 4, A position of actuator latch-
ing relay ALR; through wire W24 through input I of
time distribution stepping relay TDSR; through contact
arm 27 of said relay to position 2 of said relay.

Pulse -originator circuit has again started through its
cycle and after the preset time interval; set up by con-
denser 1, 2, or 3 and potentiometers P1 and P2; the pulse
originator thyratron POT starts conducting through cir-
cuit input wire W4; contacts 2, B position of starter latch-
ing relay SLR; through coil PC of pulse latching relay
through wire W6 to plate of pulse originator thyratron
POT. Current through coil PC energizes same. Con-
tacts 1, 2, 3, and 4 of pulse latching relay PLR moved to

B position. Breaking circuit of pulse originator thyra-

tron, "
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Circuit is again complete from input wire W4; through
contacts 2, B position, starter latching relay SLR; through
wire WS5; through wire W18; through contacts 1, B posi-
tion of pulse originator latching relay; through wire W8;
through time extender stepping relay activator TESRA;
to ground wire GW26. Current through activator coil
energizes same moving contact arm 21 of time extender
stepping relay to No. 1 position.

Circuit also completed from wire W10, through con-
tacts 2, B position pulse latching relay; through wire W9;
through thermal element of time delay relay TDR3 to
ground wire GW25. Current through said thermal ele-
ment, at end of rated time, causes contacts of said relay
to close completing circuit from wire W9, through wire
W20; through coil PR of pulse latching relay PLR to
ground wire GW25." Current through said coil energizes
same moving contacts 1,2, 3, and 4 to A position. A cir-
cuit is now completed from input wire W4; through con-
tacts 2, B position of starter latching relay SLR; through
wire W5; through wire W10; through contacts 1, A posi-
tion of pulse latching relay PLR; through wire WS$;
through input I to time extender stepping relay TESR;
through contact arm 21 of said stepping relay to posi-
tion 1.

Circuit at this time considered incomplete from posi-
tion 1; through trigger control circuit No. 1. :

Pulse originator circuit repeats cycle and contact arm
21 of time extender stepping relay TESR is again moved.
This time to position 2 of said stepping relay.

Circuit at this time considered incomplete from posi-
tion 2 through trigger control circuit TCT2.

Pulse originator circuit repeats cycle and contact arm
21 of time extender stepping relay TESR is again moved,
this time to position No. 3. ’

In A position pulse latching relay PLR a circuit is
now completed through contacts 1; through wirc W8;
through input of time extender stepping relay TESR;
through contact arm 21 of said relay through position 3
of said relay; through wire W37 through position 1 of
time selector switch TSS2 through arm 23A of said
switch; through wire W44: through position No. 2 of
time setup stepping relay; through contact arm 25 of
said relay; through output of said relay; through wire
W27; through coil AC of actuator latching relay ALR;
to ground wire GW23. Current through coil energizes
same moving contacts 1, 2, 3, and 4 of said relay to B
position.

Circuit now completed from input wire W4, through
contacts 2, B position of starter latching relay SLR:
through wire W5; through contacts 2, B position actuator
latching relay ALR; through wire W26; through time
setup stepping relay actuator TSSRA and time distribu-
tion stepping relay actuator TDSRA to ground wire
GW25. Current through said actuator coils energizes
said coils simultaneously as they are connected in paral-
lel. Contact arms 25 and 27 of said stepping relays are-
moved simultaneously to their respective No. 3 positions,

Circuit also completed from input wire W4; through
contacts 2, B position of starter latching relay SLR;
through wire W5; through contacts 4, position B of actu-
ator latching relay ALR; through wire W27; through
time extender stepping relay return TESRR to ground
wire GW25. Current energizes coil of said return and
contact arm 21 of time extender stepping telay is re-
turned from position Ne. 3 to home position 22 of said
relay.

Circuit now completed from input wire W4; through
contacts 2, B position of starter latching relay SLR;
through wire W5; through wire W19; through contacts
1, B position of pulse latching relay PLR; through wire
W8; through input to time extender stepping relay
TESR; through contact arm 21 of said relay; through
home position 22; through wire W29; through thermal
element of thermal time delay relay TDRI to ground
wire GW25. Contacts of said thermal relay close after
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rated - time, - Circuit - completed; through ' wire: W29;
through contacts of said thermal relay; through wire
W30; through contacts 3, position B of actuator latching
telay; through coil AR of said relay to ground wire
GW25. Current through coil energizes same, moving
contacts 1, 2, 3, and 4 to A position.

Circuit now completed from wire W30; through con-
tacts 3, A position of actuator latching relay ALR;
through wire W31 to contact 4, A position of control
lotching relay CLR2. Circuit incomplete at this point
at this time.

Circuit completed from input wire W4; through con-
tacts 2, B position of starter latching relay SLR; through
wire W5; through contacts 2, A position actuator latch-
ing relay ALR; through wire W24; through input I of
time distribution stepping relay TDSR; through contact
arm 27 of said relay to position 3 of said relay.

Cycling operations of pulse originator circuit and time

extender will continue unless interrupted by trigger con-
trol system TCT1. The number of times the time ex-
tender will cycle is determined by the number of time
selector switches TSS1, 2, etc., as required for the sys-
tem . under control of the programmer and . the. number
of contacts on time setup stepping relay system and on
time distribution stepping relay system that are wired in
as required for the system under control of the pro-
grammer. :
*- Following the last position wired in on the time dis-
tribution stepping relay TDSR, a control output wire
W23 is terminated. When the contact arm 27 of said
relay reaches this position, the unit is returned to start-
ing position on all phases and shut off in the following
manner.

At the time contact arm 27 of time distribution step-
ping relay TDSR reaches the position wire W23 is wired
in, contact arm 21 of time extender stepping relay is
returned to home position 22 in the manner predescribed
following each movement of contact arms 26 and 27 of
fime setup stepping relay TSSR and time distribution
stepping relay TDSR leaving contacts of actuator latch-
ing relay ALR in A position.

On reaching the position at which wire W23 is termi-
nated, a circuit is now completed from input wire W4;
through contacts 2, B position of starter latching relay
SLR; through wire WS5; through contacts 4, A position
of actuator latching relay ALR; through wire W24;
through input I of time distribution stepping relay TDSR;
through contact arm 27 of said relay; through position
wire W23 terminated; through wire W23; through con-
tacts 3, A position of pulse latching relay PLR; through
wire. W22; through time setup stepping relay return
TSSRR and time distribution stepping relay return
TDSRR; through conductors 64 and 60 to ground wire
GW25. Current through coils of said returns, energizes
both simultaneously as they are. in parallel. Contact
arms 25 and 27 of time setup stepping relay TSSR and
time distribution stepping relay are returned to their
respective home positions 26 and 28 simultaneously.

-Circuit is now complete from input wire W4; through.

contacts 2, B position of starter latching relay SLR;
through wire WS5; through contacts 4, A position . of
actuator latching relay; through wire W24; through input
T of time distribution stepping relay TDSR; through con-
tact arm 27 of said relay; through home position 28 .of
said relay; through wire W35; through contact 4, A posi-
tion control latching relay CLR1; through wire w21,
through coil SR of starter latching relay conductor 55 to
ground wire GW25, Current through coil energizes same
moving contacts 1, 2, 3, and 4 from B to: A position,
breaking input circuit to pulse originator circuit, and
leaving all contacts in A position, and all contact arms
of all stepping relays at home position of respective said
relays. Thus set up for the next time, switch 1 is acti-
vated by the starting device, or manual switch: MS1 is
activated. :
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As explained, when the arm 27.of the relay TDSR
reaches the position of conductor W23, all relays are
restored to their initial position. Manifestly, the same
result may be accomplished by closing the manual switch
MS2, which completes a circuit between the conductors
W5 and W23.

Consequently, the apparatus can be interrupted at any
time interval and returned to start by manipulation of
the manual switch MS2 and will start again at the be-
ginning of the sequence by manipulation of the manual
switch MS1. The operation may be stopped manually
at any point in the cycle and started at the point of in-
terruption by opening and thereafter reclosing the
manual switch MS3.

The function of trigger control thyratron TCT1 is as
follows: after the starter switch S has been moved to on
position by starting device; starter latching relay SLR
contacts 1, 2, 3, and 4 moved to B position; and pulse
originator circuit has activated time extender stepping
relay activator coil TESRA; through pulse latching relay
PLR; contact arm 21 of time extender stepping relay
TESR is on position No. 1 of said stepping relay.

_After duration of first pulse and pulse latching relay
PLR has returned contacts 1, 2, 3, and 4 of said relay
to A position, a circuit is completed through input wire
‘W4: through contacts 2, B position of starter latching
relay SLR; through wire W5; through wire W10; through
contacts 1, A position of pulse latching relay PLR;
through wire W8, through input I of time extender step-
ping relay TESR; through contact arm 21 of said relay;
through position 1 of said relay; through wire W33;
through thermal element of thermal delay relay TDR2
to ground. Circuit also continues through contacts of
said delay relay through wire W34; through coil 1C of
control latching relay CLR1 to plate of trigger control
thyratron TCT1. Should the proper amount of resist-
ance be placed across terminals 49 and 50 through a
control sensitive to light, temperature, moisture or some
other variable that might affect, directly or indirectly, the
function of the system being controlled and it is desir--
able to return unit to starting position and shut said unit
off; it functions in the following manner.

- When the grid circuit, composed of resistors R1, R2,
and R3 and potentiometer PS5 becomes complete, the grid
is made sufficiently positive for trigger control thyratron
TCT1 to conduct and energize coil 1C, control latching
relay CLR1, and moving contacts 1, 2, 3, and 4 of said
relay to B position.

A circuit is then complete from input wire W4; through
contacts 2, B position of starter latching relay SLR;

" through wire W5; through contacts 3, B position of con-

trol latching relay CLR1; through wire W22; through
return coils of time setup stepping relay return TSSRR
and. time distribution stepping relay return TDSRR to
ground wire GW25, Current passing through coils en-
ergizes both simultaneously as they are connected in
parallel. Contact arms 25 and 27 of time setup stepping
relay TSSR and time distribution stepping relay TDSR
are returned simultaneously to their respective home H
positions.

A circuit is now completed from input wire W2;
throtigh contacts 1, B position of starter latching relay
SLR; through wire W3; through home position 26 of
time setup stepping relay TSSR; through contact arm 25
of said relay; through wire W27; through coil AC of
actuator latching relay ALR; to ground wire GW25s.
Current through circuit energizes coil AC of said relay
moving contacts 1, 2, 3, and 4 of said relay to position B.

Circuit now complete from input wire W4; through

“contact 2, B position of starter latching relay SLR;

through wire W5; through contacts 4, B position of ac-
tuator latching relay ALR; through wire W54; through
time extender stepping relay return coil, to ground wire

78 GW25, Current through circuit energizes said return coil
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returning contact arm 21 of time extender stepping relay
TESR to home position 22.

Current still through circuit from control latching re-
lay CLR1, B position, holding returns of time setup
stepping relay TSSR and time distribution stepping relay
TDSR in position so that they are unaffected by circuit
completed through input wire W4; through contacts 2,
B position of starter latching relay SLR; through wire
WS5; through contacts 2, B position of actuator latching
relay ALR; through wire W26 to time setup stepping
relay activators TSSRA and time distribution stepping
relay activator TDSRA. Current through this circuit is
being counteracted upon by current through returns of
same said stepping relays.

Circuit completed from input wire W4; through con-
tacts 2, B position of starter latching relay SLR; through
wire W5; through wire W10; through contacts 1, A posi-
tion of pulse latching relay PLR; through wire WS8;
through input 1 of time extender stepping relay TESR;
through contact arm 21 of said relay; through home po-
sition 22 of said relay through wire W29; through thermal
element of thermal time delay relay TDR1 to ground
wire GW25. After rated time, contacts of thermal de-
lay relay TDR1 close. Circuit continues through con-
tacts of said delay relay through wire W30; through
contacts 3, B position of actuator latching relay ALR;
through coil AR of said relay to ground wire GW25.
Current through circuit energizes coil AR of said latching
relay moving contacts 1, 2, 3, and 4 to A position.

Circuit now continues from wire W29; through con-
tacts of thermal delay relay TDRI; through wire W30;
through contacts 3, A position of actuator latching relay
through wire W31 to contacts 4 of contact latching relay
CLR2. If contacts happen to be in B position due to
activation from trigger control thyratron TCT?2 circuit,
circuit would continue through coil 2CR of control latch.
ing relay CLR2; to ground wire GW25. Current through
circuit would energize said coil 2CR and move contacts
1, 2, 3, and 4 of control latching relay CLR2 to A posi-
tion.

Circuit also completed from input wire W4; through
contacts 2, B position of starter latching relay SLR;
through wire W5; through contacts 4, of actuator latch-
ing relay ALR; through wire W24; through input of time
distribution stepping relay TDSR; through contact arm
27 of said relay; through home position 28 of said relay;
through wire W35; through contact 4, B position of con-
trol latching relay CLR1; through coil 1CR of said relay;
to ground wire GW25. Current through circuit ener-
gizes said coil moving contacts 1, 2, 3, and 4 to A posi-
tion.

Circuit now completed from wire W35, through con-
tact 4, A position of control latching relay; through wire
W21; through coil SR of starter latching relay; to ground
wire GW25. Current through circuit energizes said coil
moving contacts 1, 2, 3, and 4 to A position.

All contacts 1, 2, 3, and 4 of starter latching relay
SLR; of pulse latching relay PLR of activator latching
relay SLR; of pulse latching relay PLR of activator latch-
ing relay ALR; of control latching relay CLR1; and of
control latching relay CLR2 are now in A position.

Contact arms 25 and 27 of time setup stepping relay
TSSR; of time distribution stepping relay TDSR; are at
home positions.

Circuit through input wire W4; contacts 2, starter
latching relay SLR is broken. Starter circuit through
wire W2 contacts 1 of starter latching relay SLR; is com-
pleted. ]

Unit set to start at time clock or other devices closes
switch 51 or manual closing of manual switch MSL.

The purpose of trigger control thyratron TCT?2 is as
follows: After the starter switch has been moved to
on position by the starter device, or after the unit has
been started manually; the pulse originators circuit cycles
the time extender stepping relay TESR, contact arm 21
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to position 1 of said stepping relay. Providing no ac-
tion at this point is taken by trigger control thyratrom
TCT1 circuit due to moisture, light, temperature of other
variable affecting above-mentioned circuit, the contact
arm 21 of time extender stepping relay moves to posi-
tion 2 of said stepping relay at the next cycle of the pulse
originator circuit.

Contacts 1, 2, 3, and 4 are returned to position A after
duration of pulse. A circuit is then completed through
input wire W4; through contacts 2, B position of starter
latching relay SLR; through wire W5, through wire W10;
through contact 1, A position of pulse latching relay;
through wire W8; through input of time extender step~
ping relay TESR; through contact arm 21 of said relay;
through position 2 of said relay; through wire W45;
through thermal element of thermal delay relay TDRS
to ground wire GW25. ~ Contacts on said relay normally
closed for rated time. Thermal element is heated by cur-
rent through said circuit. Until contacts open circuit
continues through wire W50; through coil 2C of control
latching relay CLR2; through wire W47, to plate of trig-
ger control thyratron TCT2. :

Should the proper amount of resistance (controlled by
some device responsive to light, moisture, temperature or
some other varjable that might affect directly or indirect-
Iy the function of the system being controlled by the pro-
grammer and it is necessary to extend the time further
for safety factor or other reasons) be developed across
terminals 52 and 53, the grid circuit made up of resistors
RS, R6, R7, and potentiometer P6 becomes complete,
the grid becomes sufficiently positive for trigger control
thyratron TCT2 to conduct. As a result coil 2C of con-
trol latching relay CLR2 becomes energized moving con-
tacts 1, 2, 3, and 4 of said relay to B position.

A circuit is now completed through contacts B position-
of control latching relay CLR2 from a condenser CY to
grid circuit of pulse originator through wires W15 and
WI11. Said condenser is now in parallel with that con-
denser of 12, 13, 14, etc., that is at this time a part of
the grid circuit of the pulse originator system.

An inquiry is made to the trigger control circuit each
time during cycle of time extender stepping relay TESR
that contact arm 21 of said relay stops on position 2 of
said relay.

Each time contact arm 21 of time extender stepping
relay TESR reaches home position 22 of said relay a
circuit is completed from input wire W4; through con-.
tacts 2, B position of pulse latching relay PLR; through
wire W5; through wire W10; through contact 1, A posi-
tion of pulse latching relay; through wire W8; through
input I of time extender stepping relay TESR; through
contact arm 21 of said relay; through home position 22
of said relay; through wire W29; through thermal element
of thermal delay relay TDR1 to ground wire GW2S.
After rated time contacts which are normally open now
close and a circuit is continued from wire W29; through
contacts of said thermal delay relay; through wire W30;
through contact 3,. A position of actuator latching relay;
through wire W31; through contact 4, B position of con-
trol latching relay CLR2; through coil 2CR of said relay;
to ground wire GW25. Current through circuit ener-:
gizes coil 2CR of said relay moving contacts 1, 2, 3, and
4 to move to A position, thus removing condenser CY
from circuit until next inquiry is made at position 2 of
time extender stepping relay at next cycle of said relay.

It will be seen therefore that the magnitude of the
capacity of whichever one of the condensers 12 to 14 is
connected and the resistance of the potentiometers P7 .
and P8 determines the length of the basic time interval.
In other words, the resistance-capacity time constant de-
termines the interval between successive current pulses
which actuate the pulse latching relay PLR for energizing
the time extender stepping relay actuator TESRA to -ad-
vance the contact arm 21 successive steps.  On the other
hand, the time delay of the thermal delay relay TDR3
determines the length of the current pulse, '
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' The length of the iultiplied time intérval, that is the
multiple of thé basi¢ interval of the time delay circuit
of the condensers, is determined by the setting of one
of the time selector switches TSS1, TSS2, etc., which de-
termines which of the stationary contacts of the time
extender stepping relay TESR is comnected to any one

of the stationary contacts of the time setup stepping relay

TSSR. The order in which the successive multiple time
intervals are produced is determined by the order in
which the various terminals of the time extender stepping
relay TESR are connected to the terminals of the time
setup stepping relay TSSR.

" Hach of the stepping relays as shown has actuator

coils responsive to the actuating relay ALR for advancing
it a step at a time. The time setup stepping relay TSSR
and the companion time distribution steping relay TDSR
are advanced one position only whenever the time extend-
er stepping relay TESR has reached the position which
determines the end of the time interval in question. The
return coils TESRR, TSSRR, and TDSRR serve to re-
turn the movable contact arms of the stepping relays to
their home positions when each arm has reached the in-
tended limit of its travel. In the case of the time ex-
tender stepping relay TESR, this is the position of the
stationary comtact which is connected to the stationary
contact of the time setup stepping relay TSSR at which
the contact arm 25 is then located.

" The starter latching relay SLR serves merely to start
each cycle whenever the switch S or MS1 is closed, and
the control latching relays CLR1 and CLR2 serve to pro-
duce either a cycle terminating or time interval extend-
ing response, if ‘any is néeded, depending upon the con-
dition of the control device connected between the ter-
minals 49 and 50 or 52 and 53 as the case may be.

It is apparent therefore that a time controlling device
of great flexibility hds been provided in which the length
of-the basic time interval, and, therefore, the total length
of the cycle. or the sequence, may be varied by varying
the constants of the time delay circuit including the con-
densers 12, 13, or 14 and the proportionate length of
any interval within the total cycle may be adjusted inde-
pendently of the others by adjusting the setting of the
appropriate one of the time selector switches TSS1 or
TSS2, etc. in relation to the points to which the con-
ductors W37 to W42 are connected at the time extender
stepping relay TESR. Moreover, provision is made for
automatic extension of time intervals, as well as manual
or automatic terminal of the cycle.

While the foregoing specification illustrates and de-
scribes what I now contemplate to be the best mode of
carrying out my invention, the construction is, of course,
subject to modification without departing from the spirit
and scope of my invention, Therefore, I do not desire
to restrict the invention to the particular form of con-
struction illustrated and described, but desire to cover all
modifications that may fall within the scope of the ap-
pended claims.

Having thus described the invention, what is claimed
and desired to be secured by Letters Patent is:

1. A timer, comprising in combination, a resistance-
condenser time delay circuit, a source of charging cur-
rent therefor, a discharge device for discharging the delay
circuit whenever voltage reaches a predetermined mag-
nitude, a delay relay for connecting the delay circuit to
the charging current source to form a charging circuit,
a pulse-latching relay having forward and return posi-
tions responsive to the delay circuit for recomnecting
the charging circuit, a time-extending stepping relay re-
sponsive to movement of the pulse latching relay having
a home-position and a plurality of other positions, a
time-setup stepping relay having a plurality of contacts,
a plurality of selector switches, one for each such con-
tact, each selector switch having contacts selectively con-
nected to contacts of the time-setup stepping relay, an
actuator-latching relay with a coil connected to the time
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setup relay, ‘the latter having an advancing coil ‘¢con-
trolled by the actuator-latching relay, a time distribution
relay also actuated by the actuator-latching relay, the
time-extending stepping relay having a coil responsive to
the actuator relay for immediate return to home posi-
tion, said time distribution relay having a connection at
home position for shutting off the pulse-latching relay,
and a thyratron control having independent input termi-
nals responsive to a controlling phenomenon for exciting
the thyratron control to perform one of the actions of
shutting off the pulse-latching relay and extending time.

2. A timer, comprising in combination, a resistance-
condenser time delay circuit with a source of charging
current, a starter-latching relay for connecting the re-
sistance-condenser time delay circuit to the source of
charging current, a discharge device for discharging the
circuit whenever voltage reaches a predetermined mag-
nitude, a time-extending stepping relay responsive there-
to having a plurality of positions and means for moving
to successive positions in response to successive chargings
and dischargings of said delay circuit, a time-distribution,
device-controlling stepping relay responsive to said time-
extender stepping relay for connecting a device to be
controlled when the time-extender stepping relay is
initially energized and disconnecting the device when the
time-extender stepping relay has advanced to a predeter-
mined position. '

3. Apparatus as in claim 2 in which the time distribu-
tion stepping relay has successive positions for controlling
a plurality of different devices.

4. Apparatus as in claim 3 wherein the time-extender
stepping relay has a plurality of different positions to
which the time-distribution stepping relay is successively
responsive for producing different time intervals in suc-
cession. -
- 5. Apparatus as in claim 4 in which the resistance
condenser delay circuit is adjustable for varying the length
of basic time intervals without varying the relative lengths:
of successive intervals. _

6. A sequential timer comprising, means for produc-
ing an electrical current at the termination of a time inter-
val referred to as a basic time interval, a switch having a
plurality of successive contacts, means for advancing the
switch from one contact to the next in response to suc-
cessive electrical currents to form longer time intervals,
means for returning the switch to a predetermined posi-
tion, current supply terminals, and a relay connected in
series with such current supply terminals and a prede-
termined contact of such switch for energizing the re-
turning means for terminating such longer time interval.

7. A sequential timer comprising, apparatus as is
claim 6 wherein means are provided successively re-
sponsive to the attainment of any selected one of the con-
tact positions by said switch to form a sequence of longer
time intervals, each determined by the number of basic
time intervals required for the switch to travel to a se-
lected contact thereof.

8. Apparatus as in claim 6 having means responsive
to the presence of an external condition for restoring the
switch to its initial position to terminate the time in-
terval before the switch has reached the end of its travel.

9. Apparatus as in claim 6 having means responsive
to the presence of a condition for increasing the length
of the basic time interval to increase the length of the
total time interval.

10. Apparatus as in claim 7 having means responsive
to the presence of a condition for increasing the length
of the basic time interval to increase the length of the
total time interval without changing the proportionate
lengths of successive longer time intervals within the
sequence.

11. In a sequential timer, voltage supply terminals, a
thyratron having an anode, a cathode and a control grid,
a resistance and a condenser connected in a circuit in
series with the control grid and cathode adapted to be
connected to the voltage supply terminals for grid recti-
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fication charging of the condenser to define a basic time
interval, a stepping relay having a plurality of contacts in
successive positions for selectively defining a longer time
interval, current-responsive means for actuating the step-
ping relay, said thyratron, amode and cathode being
serially connected with said current-responsive means to
said voltage supply terminals, whereby the attainment of
a predetermined voltage by the condenser fires the thyra-
tron and actuates the stepping relay, said stepping relay
having a returning coil, a selector switch for connection
to one of the stepping relay contacts, and a relay ener-
gized in series with the selector switch and the returning
coil, for returning the stepping relay to a previous posi-
tion upon attainment of a preselected position.

12. Apparatus as in claim 11 having a delay relay with
a current responsive actuating member connected to said
voltage supply terminals and normally-open contacts re-
sponsive to said delay relay actuating member serially
connected between said voltage supply terminals and said
thyratron for protectively delaying the carrying of load
current by said thyratron.

-13. In a sequential timer for apparatus to be con-
trolled a time delay circuit comprising, a. condenser and
a resistor for defining the basic time interval, charging
and discharging means therefor, whereby condenser po-
tential repeatedly varies, stepping relay means responsive
to successive attainment of predetermined condenser po-
tential for multiplying said time interval to produce a
longer time interval for maintaining the apparatus in op-
eration, and means for selectively ‘connecting an addi-
tional condenser in parallel with the first-mentioned con-
denser for increasing the basic time interval and thereby
lengthening the control interval,

14. In apparatus for maintaining operation of a plu-
rality of different devices for selective predetermined
times in sequence, means responsive to successive elapsing
of basic time intervals for defining a basic time interval,
means for selectively multiplying said basic time inter-
val for producing a series of longer time intervals in se-
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quence, each conmstituting a multiple of the basic time
interval, control means responsive thereto for maintain-
ing operation of a different one of the devices for a time
interval determined by the successive time intervals in
the sequence, and means for terminating any one of said
time intervals and interrupting the sequence to shorten
operation period of any device and thereby advance the
sequence.

15. A sequential timer, comprising in combination,
first and second input terminals for connection to a source
of current, first and second input conductors connected
to the first and second terminals respectively, a third
conductor connected to the first terminal with a con-
necting switch interposed, a starter-latching relay having
a coil connected to said third and second conductors and
a normally-closed contact in series therewith, said starter-
latching relay having also a normally-open contact in
series with the first of the supply conductors, a pulse-
latching relay with a circuit including the first and sec-
ond conductors, whereby it is responsive to actuation of
said normally-open contact, means for defining a basic
time interval responsive to said pulse-latcling relay for
producing a current pulse at the end of a basic time in-
terval, an actuator-latching relay responsive to said nor-
mally-open contact and said pulse-latching relay, a time-
extender stepping relay respomsive to said actuator-
latching relay for multiplying the basic time interval of
said basic time interval, and means responsive to the
attainment of a predetermined position by the stepping
relay for producing a control signal at the termination
of a predetermined multiple of the basic time interval,
and returning the time extending stepping relay to a pre-
vious position.
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