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This invention relates generally to electrical
control systems and 1is particularly adapted
among other uses as a timing mechanism for
controlling welding apparatus.

The principal objects of the present invention
are to provide a control system of the above type
which is simple in arrangement, economical of
manufacture and which is extremely efficient and
accurate in its operation; to provide such a sys-
tem which utilizes the. minimum of parts; and
to provide such a system in which successive
control valves are arranged oppositely between a
pair of electrical conductors.

Other objects of this invention will be apparent,

from the specification, the appended claims and
the drawing, in which the single figure diagram-
matically shows the invention as applied to a
welding control system.

Generically, the invention contemplates an im-
proved timing device in which a plurality of se-
guentially arranged electric valves are connected
in alternating relation between a single source
of aiternating potential whereby the potential
drop across the working portion of the valve cir-
cuit may be utilized to control the next successive

valve thereby eliminating the necessity for in-.
dividual sources of voltage supply for each valve.

Referring to the drawing, the numeral | desig-
naves a transformer having a primary winding 2
adapted to be supplied from a suitable source of
alternating current supply through the line con-
~ductors L.i and L2.
the transformer 1 is connected to supply an al-
ternating potential between the busses 6 and 8.
Interconnected between the busses 6 and 8 are
a piurality of valves VI, V2, V3, V4, V5, and V6.
Fach of the valves Vi through V6 are the discon-
tinuous control type in which the control bias
between the grid or control electrode and cath-
ode controls the time at which the valve becomes
conductive but when the valve has once become
conductive the control potential between the con-
trolling electrode and the cathode is ineffective
to control the conductivity thereof. Valves Vi
through V§ are arranged to be actuated sequen-

tially for controlling the *‘“squeeze time,” the

‘“‘weld time,” the “hold time” and the “off time’

of a resistance welding apparatus. |
The anodes of the valves Vi, V3 and V) are each
connected to the bus 6 through timing networks
[0, {2 and 14, Each of these networks comprises
a condenser Ci and a variable resistor R1 con-
nected in parallel with each other. The cathodes
0f these valves VI, V3 and Vb are directly con-

nected to the bus 8. The cathodes of the valves

The secondary winding 4 of

2

V2, V4 and V6 are directly connected to the bus

b

6. The anode of the valve V2 is connected
through an impedance network 16 to the bus 8.
The anode of the valve V4 is connected through
the primary winding 18 of a transformer 28 to
the bus 8 for a purpose to be described. The an-
ode of the valve V6 is connected through a tim-
ing network 22 similar to the networks 10, {2 and
i& to the bus 8 and through either the ‘start

10 switch SWI or the contacts a of the control re-
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iay CRi to the bus 8. In order that the valves
Vi—V6 may be operated in predetermined timed
sequence, tne grid of the valve V2 is directly con-
nected to the anode of the valve VI, the grid of
the valve V3 to the anode of the valve V2, the
grid of valve V4 to the anode of valve V3, the grid
of the valve V6 to the anode of the valve V5
and the grid of the valve V5 through one sec-
ondary winding 24 of the transformer 20 to the
bus 8.

A welding current controliing valve V1 has its
cathode directly connected to the bus 6 as by the
conductor 26 and its anode connected to one end
cerminagl 28 of a center tapped primary winding
38 of the firing transformer 32. The opposite end
terminal 34 of the winding 30 is connected
through a resistor R3 to the line 26 while the
center tap 36 of the winding 30 is connected to
the bus 8. One half of the winding 30 of the
transformer 32 is normally energized while the
other half is energized only during conduction
of the valve Vi. The normally energized half ap-
plies a blocking bias voltage between the grids
and cathode of the welding current control valves
Vid and VI8 whereby the ignitrons Vié and VIT
controlled thereby are held nonconductive. Upon
conduction of the valve Vi, the current flow
through the two halves of the winding 39 can-
cels each other and the blocking bias on the
valves Vid and VIb is removed to permit these
valves to render the ighitrons V{86 and ViT con-
duetive to energize the welding transformer W'T.

The valve V1 is conductive only when the block-
ing bias is removed from both its control grids.
One control grid gf of the valve V1 is connected
by means of the conductor 38 to the anode of
the valve VI. The other grid g2 of the valve V1
is connected by means of conductor 49 to one
terminal of the secondary winding 42 of the
transformer 20. The other terminal of this sec~
ondary winding 42 is connected to the cathode
of valve V1 through the conductor 44, the bus 8
and the conductor 26 whereby the output poten-
tial of the winding 42 determines the bias control
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.
voltage between grid g2 and the cathode of
valve Vi

A network 4% controls the bias potential be-
tween the control grid and cathode of the valve
Vi. This network inciudes a valve V3 having
its anode circuit energized from a transformer
50 connected between the busses § and 8 through
the switch SW i and contacts g of the relay CR1.
The anode circuit includes the control winding
of the relay CR{ and a pair of series connected
resistors 8¢ and 58 connected in paraliel with
the relay winding. A capacitor C# is arranged
in parallel with the resistor 58§ and the potential
thereacross is applied between the cathode and
grid of valve Vi,
C4 adjacent the cathode of the valve V8 is con-
nected by means of conductcr &8 to the bus &
while the other capacitor terminal is connected
through pressure switch PS and resistor R4 to
the grid of the valve Vi so that the potential
appearing across the capacitor C4 negatively
biases the grid with respect to the cathode of
the valve V.

It is believed that the remainder of details of
construction may hest be understood by refer-
ence to the operation of the system which is as
follows:

Upon energization of the line conductors L
and L2, the secondary winding & of the trans-
former places an alternagting potential between
the busses & and 8. Energization of the wind-
ings Il and L2 also encrgize the heater element
for the valves Vi through V8. The connections
of these elements to the transformer | are con-
ventional and for the sake of simplicity these

connections are indicated by xzx and yy. Nor-
mally the switch S%W{ 1s open and the control

relay CRI is de-energizaed so that the valve V38
iIs nonconductive due to the absence of an anode
potential. Consedquently there is no potential
drop. across the capacitor C4 and no biocking bias
potential is placed batween the grid and cathode
of the valve Vi. Without such a blocking bias
potential, the valve Vi is conductive. Conduc-
tion of the valve Vi causes current to flow
through the network {f thereby establishing &
potential across the capacitor Cf{ thereof. This
potential established hy the capacitor Ci of the
network {8 is applied between the grid and cath-
ode of the valve V2 so that the grid vhereof is
rendered negative with respect to the cathode
and the valve V2 is held nonconductive. Since
no current is flowing through the valve V2 thexre
is no potential drop established across the net-
work 18 and consequently the valve V3 is con-

ductive and establishes a potential across the

capacitor Ci of the network (2. This established
potential is applied ketween the grid and cathode
of the valve V4 to block the same. With the
valve VA& blocked the transformer 28 is de-ener-
gized whereby it is ineffective to apply a blocking
potential between the grid and cathode of the
valve V5 and the valve V5 wiil conduct. Con-
duction of valve Vi establishes a potential drop
across the capacivtor Ci of the network 14 which
potential drop is applied between the grid and
cathode of the valve V§ maintaining the valve
V6 blocked. Current is also prevented from
flowing through tiie valve VG due to the open
condition of its anode circuit due to the open
switch SWi and the now open contacts ¢ of
the control relay CRIi. The valve VI will not
conduet since the potential of the control grid

gl with respect to the cathode thereof is main-~

tained negative due to the potential drop ap-

The terminal of the capacitor
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pearing across the capacitor C{ of the network
18.

When it is desired to initiate a welding oper-
ation, the switch SWI is momentarily closed en-
ergizing the transformer 5§ whereby the valve
V8 conducts to energize the control relay CR|
and to charge the condenser C#. Energization

of the relay CR1 closes its contacts g establishing
a holding circuit in parallel relation wivh switch
SWI so that subsequent opening of the switen

SW{ will be without effect., Closure of the swiich
SWI1 and/or contacts a¢ of relay CR{I will not
cause the valve Vi to conduct since the valve
V6 is blocked by its grid to cathode bias as de-
scribed above. Closure of the contacts b of the
relay CR{ energizes the valve SV whereby the
electrodes E are brought into engagement with
the work W in the usual manner and also closes
the pressure switch PS whereby the potential
across the capacitor C4 may be applied to the
valve VI,

Charging of tixe capacitor C& provides a block-
ing: bias potential between the grid and cathode
of the valve Vi blocking this valve. - Upcn block-
ing of the valve Vi, the capacitor Ci commences
to discharge through the variable resistor Ri oI
the “squeeze time"” network (8. AU the expira-
tion of a predetermined ‘‘squeeze time” interval,
the potential across the network {0 will have
decreased sufficiently to permit the valve Ve to
conduct.

The potential across the network 10 is also
applied between the grid gi and cathode of valve
V1. Since there. is no blocking potential be-
tween grid g2 and cathode of the valve V7T, V1
will conduct substantially simultansously with
valve V. Conducticn of valve VI permits a
current to flow in the upprer half of the winding
30 of transformer 32 10 neutralize the effect of
the current fiowing through the lower half there-
of. Thig effectively de-energizes the transformer
32 to-remove the biocking bias on valve Vi4 and
ViS5 permitting them to fire the ignitrons VIi§
and VIT to cause welding current to flow to
the transformer WL. The value of the resistor
R3 is chosen so that it balances the eiflective
resistance of the valve Vi. Cenduction of the
valve Ve establishes a potential across the net-
work {6 which provides a negative grid to cathode
blocking potential for the valve V3. Blocking
of the valve V3 initiates a discharge of the ca-
pacitor Ct of the network (2 which measures
the “weld time.”

After the predefermined “weld time” interval,
as determined by the characteristics cf the ca-
pacitor C!{ and resistor R{ of the network (2,
the negative grid to cathode blocking bias is re-
moved permitting the valve V& to conduct. Con-
duction of the valve Vi energizeg the transformer
20, The secondary winding 24 of the transformer
20 is so polarized upon energization that a nega-
tive grid to cathiode blocking bias voltage is placed
between the grid and cathode of the valve VB,
The secondary winding 42 is also so polarized
that when the ftransformer 28 is energized, the
winding 42 places a negative blocking bias be-
tweenn grid g2 and cathode of the wvalve V7.
Blocking of the valve Vi re-~energizes the trans-
former 32 to again place bklocking bias potentials
on the valves Vi4 ang Vi3 to tﬂrmlnaue tie flow
of welding current.

Blocking of the valve V35 initiates the discharge
of the capacitor Ci of the nevwork i and after
a predetermined ‘“hold time,” the voltage po-~
tential thereacross will have reduced sufiiciently
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to permit the valve V6 to conduct. This “hold
time” interval is sufficient o permit the welded
joint to cocl somewhat. Conduction of the valve
Vo establishes a bias potential across the ca-
pacitor Ci{ of the network 22 which potential is
applied between the grid and cathode of the valve
V8 rendering the valve V8 nonconductive or
blocked. Blocking of the valve V8 de-energizes
the relay CR!{ permitting ifs contacts ¢ and b to
open. Opening of contacts b de-energizes SV
permitting the electrodes E to retract from the
work W. If, during this operation, the switch
SW 1 has been opened, the opening of contacts a
of relay CRI1 de-energizes the transformer 52
for terminating the welding operation.

If, on the other hand, the switch SW{ is still
closed and the “single-repeat” switch SW2 is in
the R or repeat position, the valve V8 will be held
blocked for a predetermined “off time” as de-
termined by the discharge characteristics of the
network 22. Blocking of the valve V8 permits
the capacitor C# to discharge through the re-
sistor ¢8 removing the blocking bias from the
valve VI whereby the valve VI commences to

conauct and establishes potential across the ca- :
[0 which places a

pacitor Cl ¢f the network
blocking kias on the valve V2. Blocking of the
valve VZ permits the network 16 to de-energize
and remove the blocking bias on the vaive V3
wihereby the network 12 is energized to place a
blocking bias on the valve V4. Blocking of the
valve V& removes the bias from the valve V5
which conducts to establish a potential across
the network 14 which blocks the valve V6. Block-

ing of the valve V8 initiates the discharge op- :

eration of the capacitor Cf{ of the network 22
which aiter a predetermined timed interval will
decrease sufficiently to remove the blocking bias
between the grid and cathode of the valve V8 to
permit a subsequent conduction of the valve V32
and a subsequent welding cycle.

With the single repeat switch SW2 in the single
Oor S position, the potential across the network
22 is applied between the screen grid and cath-
ode of the valve VI to hold the valve VI blocked.
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'This bklocking potential will be maintained as

lonig as the anode circuit of the valve V8 is main-
tained through the switch SWI and a repeat
welding cycle is prevented. To establish a new
welding cycle, the switch SW! is opened and
maintained opensed for a suf
able the network 22 to discharge for removing
the blocking bias between the screen srid and
cathode of valve VI whereby the valves VIi-—V8§
will he returned ito their initial conditions. A

bl

icient time to en-

subsequent closure of the switch SWi will then -

initiate a new welding cycle as described sbove.

What is claimed and is desired to be secured
by United States Letters Patent is as follows:

1. In an electrical timing network, a pair of
electrical conductors adapted to be supplied with
an alternating potential, a plurality of electric
valves arranged for sequential operation, each
sait valve having an anode and a cathode and a
control electrode, and being of the discontinuous

tween said control electrode and said cathode
conirels the time at which said valve becomes
conductive but which control potential is inef-
fective to control the magnitude of such conduc-
tion, alternate ones of said valves having their
said anodes electrically connected to one of said
conductors through impedance networks and hav-
ing their said cathodes connected to the other
of said conductors, inftermediate ones of said

2,540,514
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valves having their said anodes electrically cori=
nected to said other conductor through im-
redance networks and having their said cathodes

connected to said one conductor, means connect-

ing said anode of said valves to said control elec-
trodes of the next succeeding said valves to place
said valves in series cascade whereby said valves
are sequentially operated, and means for con-
trolling the conductivity of the first %o opemtﬂ
of said valves.

2. In an electrlcal timing network, a pair of
electrical conductors adapted to be supplied with
an alternating potential, a plurality of electric
valves arranged for sequential operation, each
sald valve having an anode and a cathode and
a contrel electrode, and being of the discon-
tinuous control type in which a control potential
between said control electrode and said cathode
controls the time at which said valve becomes
conductive but which control potential is ineffec-
tive to control the magnitude of such conduc-
tion, a plurality of impedance networks, certain
of said networks comprising a reactive element
and a resistor in parallel connection, alternate
ones of said valves having their said anodes
electrically connected individually to one of said
conducters through individual cnes of said cer-
valn impedance networks and having their said
cathodes connected to the other of said econduc-
tors, intermediate ones of said wvalves having
their said anodes electrically connected indi-
vidually to said other conductor through indi-
vidual ones of zald certain impedance networks
and having fheir said cathodes connected to
sald one conductor, means connecting said anode
of said valves to sz2id control electrodes of the
next succeeding said valves to place said valves
in series cascade whereby said valves are sequen-
tially operated, and means for controlling the
conductivity of the first to operate of said valves,
said reactive elements being arranged with re-
spect to their associated resistors to retain their
charge for at least the period of the alternating
current supply. |

3. In an electronic timer, a pair of valves,
each sald valve having an anode and a cathode
and a control electrode and heing of the dis-
continuous control type in which said control
electrode is ineffective subsequent to said valve
being rendered conductive, a pair of conductors
adapted to be supplied with an alternating po-
tential, means including an energy storage device
connecting sald anode of one of said valves to
one of said conductors, means connecting said
one valve cathiode 10 the other of said conduc-
tors, means connecting said cathode of the other
of sald valves to said one conductor, means in-
cluding an apparatus which when energized es-

" tablishes a voltage thereacross connecting said

60

6b
control type in which a control potential be- =

other valve anode to said other conductor, means
connectving said other valve control electrode to
said one valve ancde, and circuit means adapted
when energized to apply a control potential be-

tween said cathode and said control electrode of

sald one valve.

4. In an elecirical timing network, a pair of
electrical conductors adapted to be supplied with
alternating potential, a plurality of electric valves
arranged for sequential operation, each  said
valve having an anode and a cathode and a
control electrode, each said valve being of the
discontinuous control type in which the control
potentvial between said control electrode and
sald cathode determines the time that said valve
is rendered conductive and which when once
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rendered conductive is uninfluenced by said con-
trol potential, certain ones of said valves hav-
ing their respective said anodes connected to
one of said conductors and their respective said
cathodes connected to the other of said conduc-
tors, certain other of sdid valves having their
respective said anodes connected to said other
conductor and their respective said cathodes
connected to said one conductor, impedance

means connected in series between certgin of
said anodes and the one of said conductors to
which they are connected, said certain ones of
said -valves being alternately arranged with said
certain other of said valves, means connecting
sald anode of each said sequentially arranged
valves with said control electrode of the respec-
tive next to operate said valve, and means for
controlling the conductivity of the first 10 op-
erate of said alternately arranged valves.

- 5. In an elecfrical timing network, a pair of
electrical coriductors adapted to be supplied with
alternating potential, a plurality of discontinu-
ous control type electric valves arranged for se-
quential operation, each said valve having an
gnode and a cathode and a control electrode,
each salid valve being of the discontinuous con-
trol tyve in which the control potential between
said control electrode and said cathode deter-
mines the time that said valve is rendered con-
ductive and which when once rendered conduc-
tive are uninfluenced by said control potential,
certain ones of said valves having their respec-
tive said anodes connected to one of said con-
ductors and their respective said cathodes con-
necied to the other of said conductors, certain
other of said valves having their respectwe said
anedes counected to said other conductor and
their respective said cathodes connected to said
one conductor, electrical conducting elements
connected in series between certain of said

anodes and the one of said conductors to which

they are connected, said elements acting to es-
tablish a potential thereacross as a consequence
of a potential being applied thereto, said cer-
tain ones of said valves being alternately ar-
ranged with said certain other of said valves,
means -connecting said anode of each said se-
quentially arranged valves with said control
electrode of the respective next to operate said
valve whereby the potential produced by the
one of said elements associated with said respec-
tive anode will produce said control potential
for the valve having said respective control elec-
trode, means for controlling the conductivity of
the first to operate of said alternately arranged
valves, another discontinuous control type valve
having main electrodes connected between said
pair of conductors and having a pair of control
electrodes, means connecting one of said palr
of grids to one of said elements, and means con-
necting the other of said pair of control elec-
trodes to another of said elements.

6. ITn an elcetrical timing network, a pair of
conductors adapted to be supplied with an al=
ternating potential, a plurality of circuiv cle-
ments adapted when ensrgized o produce a
control potential, a seriss of distonsinuocus c¢on-
trol type valves, each said valve having an anods
and o cathode and a control elecirode, cach said
anode being connectsd individually with an In-
dividual one of sgid elements, sald elemeants as-
sociated with alternate ones of said valves being
connecied to one of said conductors, said ele-
nients asscciated with the valves intermediate
said alternate wvalves being connected to the
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individually to certaln of said

8

other of said conduetors, medans connecting the

control electrode of each said valve to the one
of said elements associated with the next preced-

ing one of said valves whereby the voltage pro-

duced by said element associated with said next
prior valve provides a control voltage between
said electrode and said cathode of said valve
following said prior valve, certain of said ele-
ments comprising a chargeable element and
means to control the discharge of said charge-
able element whereby the potential established
thereby is msintained for a predetermined time

interval subsequent to the rendering nonconduc-

tive the one of said valves associated therewith.
7. In an electrical timing network, a pair of

terminals adapted to be supplied with an alter-

nating potential, a plurality of discontinuous
control type valves arranged for sequential oper-
ation, said valves being arranged in two groups
with said valves of one of said groups alternately
arranged with said valves of the other of said
groups, each said valves having an anode and &
cathode and a control elecirode, a pluralivy of
voltage establishing elements, each said element
being operable when energized to establisii a
potential thereacross, means indilvidually con-
necting the anode of the valves of said one group
voltage means,
means connecting said certain voliage clements

to one of said terminals and the cathodes of gaid

one group to the other of said terminais, in-
dwldually connecting the anodes of tnne valves of
said obther eroups individually to ofher of said
voltage elements, means connecting said other
voltage elemients to said other terminal and the
cathodes of said other group to said one fer-

minal, means for applying a voltage produced by

said voltage element associated with a preceding
valve between said control electrode and said
cathode of the next valve following said preced-
ing valve, and means for controlling tha potential

between said cathode and said control electrode

of the first valve to be operated of said plurality
of valves.

8. In an electrical timing network, a palr of
termingls adapted to be supplied with an altey-

nating potential, a pair of discontvinuous-type

control valves, each said valve haviig an ancde
and a cathode and a control elecirode, an energy
storage network, means ¢onnecting said network
between one of said terminals and said anode of
one of said valves, means connecting said one
valvecathode tothe other of said terminals, means
connecting the cathode of the other of said valves
to said one terminal, a control means, mneans con-
necting said control means between sald other
valve anode and said other terminal, means con-
necting said control electrode and said cavhode
of said other valve to receive a control potential
from said storage network,

9. The combination of claim 8 in which said

storage network comprises a parallelly connected

reactive impedance and a resistor and in which
said last-named means comprises a conducior

connecting said other valve control electrode to

said one valve anode.
10. In an electrical timing network, a pair of

conductors adapted to be supplied with an alter-

nating potential, a first and a second discon-
tinttous control-type valve, said first valve hav-
ing an anode and a cathode, said second valve
having an anode and a cathode and a control
electrode, an energy storage network compris-
ing an -energy storage device and means con-
trolling the discharge of said deviee, circuit




2,540,514

means connecting said network between said
first valve anode and one of said conductors,
means connecting said second valve cathode to
said one conductor, means conneeting said first
valve cathode to the second of said conductors,
o, conductor connzcting said ccntrol electrode to
said first valve anode, and means for controlling
flow of curreni through said storage network.

11. The combination of claim 10 in which a
control means is connected between said second
valve anode and said other conductor.

12. In a welding timer, 2 pair of conductors
adapted to be supplied with an alternating po-
tential, a plurality of discontinuous control-type
valves, each said valve having an anodes and a
cathode and a control electrode, a plurality of
energy storage networks comprising a capacitor
and a resistor connected in parallel, a first of
said nnetworks being connizcted between the anode
of s 1irst of said valves and cne of said conduc-
tors, a first conductor connscting said first valve
cathode to the other of said conductors, a second
0f said networks being connecied between the
anode of a szcond of said valves and said other
conducetor, a second conductor connecting said
second valve cathode to said one conductor, &
third of said networks being connected between

the anode of a third of said valves and said cne

conductor, a third conductor connecting said
tnird valve cathocde to said other conductor, a
transfiormer having a primary winding and a
[irst and a seccnd secondary winding, said pri-
mary winding being connected between the anode
of a fourth cf said valves and said other con-
ductor, a fourth conductor connecting said fourth
valve cathode to said one conductor, a fourth
of sald networks connected bhetween the anode
of a fifth of said valves and said one conductor,
a fifth conductor connecting said fifth valve
cathhode to said other conductor, means con-
necting a fifth of said networks bhetween the
anode of a sixth of said valves and said other
conductor, a sixth conductor connecting said
sixth valve cathode to said one conductor, means
connecting said second valve control clectrode
to said first valve ancde, means connecting said
third valve control electrode to said second valve
anode, means connecting said fourth valve con-
trel electrode 1o said third valve anode, means
connecting said first secondary winding between
said Tifth valve control electrode and gaid fifth
valve cathods, means connecting said sixth
valve centrol electrode to said fifth valve anode,
contiol means connecting the anode of a seventh
of said valves to said other conductor, a seventh
conquctor connecting =aid seventh valve eathede
to faia one conductor, said seventh valve having
a scconG control electrode, means connecting
said second secondary winding between one of
said ssventh valve control electrodes and said
seventh valve cathode, means connecting the
ther f said seventh valve control electrodes to
one of said valye anodes, means connectad to pro-
vide & mz::.tm] potmma& between said first valve
control elscirede and said first valve cathode,
antd means sctuated as a consequence of the
pocential appearing across said fifth network
for contfrelling caid last-named means.

13. The combmatma ci clalm 12 in which said
1rst and said third and said fourth and said fifth
networks have & discharge time in excess of sev-
eral periods cf said source.

14. In an electric timer, g pair of conductors
adapted to be supplied with an alternating po-
tential, a° series of discontinuous control-type

10
valves, each said valve having an anode and %
cathode and a control electrode, circuit means
connecting said valves between said conductors
so that the cathodes of alternate first ones of
said valves are connected to one of said conduc-
tors and the cathodes of slternate second ones
of said valves are connected 1o the other of said

. conductors, electrical devices irndividually con-
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nected to each of said anodes, means connecting
the devices associated with said alternate first
valves to said other conductor and the devices
associated with said alternate second valves to
sald one conductor, means connecting the control
electrodes of said alternate secoad valves to the
anodes of the next preceding alternate first valve,
a control network comprising another discontin-
uous controi-type valve having an anode and 2
cathode and a control electrode, means connect-
ing said network between said other conductor
and the control electrode of the first one of said
alternate first valves whereby the conductivity of

said last-named ancther valve controls said first

one valve, and means applyving a poctential estab-
lished by the last of said alternate second valves
between the control clectrode and cathode of said
last-named another valve. |

15. The combination of claim 14 in which said
control network controls the connection of said
last alternate second valve to said other con-
ductor.

16. In an electrical timing network a pair of
electrical conducting means adapted to be sup-
plied with alternating potential whereby one of
sald means is positive and the other of said means
1s negative and conversely, a plurality of electric
valves arranged for sequential operation, each
sald valve having an ancde and a cathode and
a control electrode, each said valve being of the
discontinuous control type in which the control
potential between said control electrode and said
cathode determines the time that said valve is
rendered conductive and which when once ren-
dered conductive is uninfluenced by said control
potential, certain ones of said valves having their
respective said anodes connecting to said one con-
ducting means and their respective said cathodes
connected to said other conducting means, cer-
tain other of said valves having their respective
sald anodes connected to said other conducting
means and their respective said cathodes con-
nected to said one conducting means, said certain
one and sald certain other valves being arranged
in pairs to preovide a first and a second valve for
each said pair of valves, impedance means con-
nected in series between said anodes of each of
sald first of said pairs of valves and the one of
sald conducting means to which they are con-
nected, said second of said pszirs of valves being
oppositely arranged with said first of said pairs
of valves between said cenducting neans, means
connecting said anode of each of said fir st of said
pairs of valves with said control electrode of the
second of sald pairs of said valves, and means
for controlling the conductivity of the first to
operate of said sequentially arranged valves.

17. In an electrical timing network, a pair of.
electrical conductors adapted to be S‘mehed with
alternating potential, a plurality of discontinuous
control-type electric valves arranged for sequen-~
tial operation, each said valve having an anode
and a cathode and a contrel electrode, each said
valve being of the discontinuous control type in
which the control potential between said control
electrode and szid cathode determines the time
that said valve is rendered conductive and which
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when once rendered conductive are uninfluenced
by said control potential, a certain one of said
valves having its respective said anode connected
to one of said conductors and its respective said
cathode connected to the other of said conductors,
certain other of said valves having their respec-
tive said anodes connected o said other conduc-
tor and their respective said cathodes connected
to said one conductor, electrical conducting ele-
ments, certain of said elements being connected
in series between certain of said anodes and the
one of said conductors to which they are con-
nected, said elements acting to establish a poten-
tial thereacross as a c¢onsequence of a potential
being applied thereto, said certain one of said
valves being alternately arranged with sgid cer-
tain other of said valves, means connecting said
anode of each said sequentially arranged valve
with said control electrode of the respective next
to operate of said valve whereby the potential
nroduced between cne of said elements associated
with said respective anode will produce said con-
trol potential for the valve having said respective
control electrode, means for controlling the con-
ductivity of the first to operate of said alternately
arranged valves, another discontinuous control-
type valve having main electrodes connected be-
tween said pair of conductors and having a pair
of control electrodes, means connecting one of
said pair of conirol electrodes to one of said ele-
ments, and means connecting the other of said
pair of control electrodes to another of said
elements.

iU
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18. In an electric timer, a pair of conducting
means adapted to be supplied with an alternating
potential, a series of discontinuous control-type
valves, each said valve having an anode and a
cathode and a control electrode, circuit means
connecting said valves between said conducting
means so the cathodes of alternate first ones of
said valves are connected to one of said conduct-
ing means and the cathodes of alternate second
ones of said valves are connected to the other of
said conducting means, electrical devices individ-
ually connected to each of said anodes, means
connecting said devices associated with said alter-
nate first valves to said other conducting means
and the devices associated with said alternate sec-
ond valves to said one conducting means, means
connecting the control electrocdes of sald alternate
second valves to the anodes of the next preceding
alternate first valve, a control network comprising
another discontinuous control-type valve having
an anode and g cathode and a control electrode,
means connecting said network between sald
other conducting means and the control electrode
of the first one of said alternate first valves
whereby the conductivity of said last-named an-
other valve controls said first one valve, and
means applying a potential established by the
last of said alternate second valves between tae
control electrode and cathode of said last-named
another valve.

LAUREN F. ELLIOCTT.
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