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The present invention relates to electrical tim-

+ Ing arrangements for use with traffic control sig~

nals employed at road junctions or the like and

more particularly systems employing controllers

5 of the type in which the display of the signals is

controlled. by the traffic passing over the roads

in question, for instance by means of contact-

making pads let into the road surface. The in-

vention .moreover is particularly applicable to

10 systems of the type in which the timing of the

various intervals is effected by a condenser which

is shunted by a neon lamp in series with a relay,

the resistance of the charging circuit being ad-

justable so that the time taken for a condenser

15 to charge to thc striking voltage of the lamp
may be varied. .

A system illustrating one arrangement of this

invention is disclosed in British specification No.

403,732 and portions of the specification describ- .

g0 Ing this arrangement are included in the fol-
lowing material. ,
The system described in specification #403,732
relates to traffic control signals for use at road
" crossings or the like and is more particularly con-
¢5 cerned with a progressive type traffic control sys-
tem by means of which a number of controllers
located at successive Intersections at & main road
may be regulated from a master controller in &
certain phase relationship to each other, so that
30 if the average speed of the traffic is known it
is' possible to time the control signals so as to
ensure a substantially continuous flow of trafic
along the main road. The arrangement more-
- over 18 perticularly concerned with systems in
35 Which the operation of the signals may be con-
trolled in accordance with the density of the
trafic by the -employment of vehicle detectors
located in the roadway.
In such systems the actuation of vehicle de-
49 tectors by traffic approaching a right of way. sig-
nal is arranged to prolong the time of display of
such signal, and the amount of such prolongation
may be made to vary inversely as the speed of the
actuating traffic.’ The system of the British speci-
45 fication referred to for example, employs the
charging of ‘an electric condenser to the flash
voltage of a discharge tube for timing the right of
--way signal .period and the speed variable pro-
longation of such period is obtained by partial
- 50 discharge of the condenser by traffic actuation,

the amount of such partial discharge from any -

degree of charge below the flash voltage being de-
pendent on the time length of traffic actuation.
 Since the latter can.be made substantially in-
55 versely proportional to the speed of actuating

(CL 177—337)

traffic the amount of discharge also varies in-
versely in speed. The condenser discharge tube
timer employed may be termed an electrostatic
timer. )
In this system the termination of the right of 5
way period when the condenser is charged above
the flash or threshold voltage of the discharge
tube is controlled by. trafic actuation on the
crossing roadway when the latter does not have
right of way, such crossing trafic actuation com-
Dleting a circuit for discharge of the condenser
through the discharge tube in case the condenser
voltage is above the threshold value. The supply
voltage for charging the condenser is considerably
higherthan the threshold voltage of the tube,sothat 15
in the absence of traffic actuation on both inter-
secting roadways for an appreciable time the
voltage on the condenser will rise considerably
above the threshold value. Under these circum-
stances it will be appreciated that actuation by
a very fast vehicle approaching a right of way
signal might not discharge the condenser below
the threshold value and thus might not properly
assure a prolongation of the right of way period.
The present invention provides an arrangement -
particularly adapted to electrostatic timers for
causing substantially instantaneous discharge of

10

]

5

- the condenser to just below the threshold voltage

In case the condenser has been charged above
the threshold voltage when a prolonging actuation
occurs. This rapid discharge is then cut off some-
what below the threshold voltage so that discharge
below this point will be closely proportional in-
versely to the speed of traffic. It will be obvious
to those skilled in the art that the invention is not
limited to the specific type of electrostatic timer

[

0

Allustrated in this embodiment, but that other
‘types of tubes might be used for example or other

within the scope of the invention.

Thus it is an object of this invention to provide
in an electric timer employing the varying of
charge on a condenser over a period of time to the
threshold voltage opérating value of a charge re-~
sponsive dévice and having provision for partial 45
reset of the charge on said condenser by momen- -
tary operation of a discharge circuit to prolong
the time period of the timer, an arrangement for
assuring reset of the charge on the condenser
from any point above the threshold value at least 50 .
down below such value on any resetting operation
of the discharge circuit occurring when the charge
on the condenser is above such threshold value.

It is also an object of the:invention to provide
& timing apparatus actuatable for partial reset- 55

changes in the timing apparatus might be made
’ 40




ting its time period in which any momentary
actuation of any appreciable length will reset:
the timer to at least a minimum extent.

An additional .object of the invention is to

5 provide an improved form of timing apparatus for
traffic control systems having an actuatable pro-
longation of signal display in which a minimum
prolongation is assured for even very short

_ momentary actuations and further prolongation is
provided in proportion to the time length of actu-
ation. ‘ .

Referring to the drawings Figures 1, 2-and 3
show a traffic. control system of the type de-
scribed in British specification #403,732 to which
this invention may be applied. Figure 1 shows a
master control arrangement for controlling the

10

15

timing phase relation of a plurality of local inter-
section trafiic signal controllers. Figure 2 shows -

one form of local intersection contirolier in con~
nection with a set of relays operated by the
master controller. Figures 1 and 2 taken together
show one form of master-local control arrange-
ment as described in the British specification.
Figure 3 shows a modification of the local con-
troller of the general type in Figure 2, in which
modification provision is made for operating the
local controller by vehicle actuation. Figure 4
shows a modification of Figure 3 made ih ac-

20

cordance with the invention. Figure 5 shows in-

compact form the essential elements of the tim-

ing arrangement illustrating the invention as

taken from Figure 3 and including the modifica-

tion shown in Figure 4. . .

The system shown in Figs. 1 and 2 does not
make use of vehicle detectors to regulate the tim-
ing of the signals but its operation will be de-
seribed in order to permiit a proper understanding
of the system illustrated in Pig. 3 in which ve-
hicle detectors are employed.

40 It should be explained generally that the sys-
tem illustrated in Figs. 1 and 2 comprises &
master timer, from which separate pairs of con-
ductors radiate to each controller for the pur-
pose of regulating their time periods in relation

48 to each other. The controllers in one embodi-
ment may be conveniently arranged to operate
at fixed time periods independent of the traffic
flow, that is to say, there is no questfon of ex-
tending their normal period as a result of a

50 continuous flow of trafic passing over a road con-
tact or the like. ‘These controllers will be set to
operate at rather long perlods, considerably in
excess of that required in the progressive system,
but. the periods will be curtailed by the right

55 amount upon the reception of so-called “light”
and “heavy” pulses over the control leads from
the master timer. . .

.+ Referring now to the circuit shown, the system
1 arranged for operation from-A. C. mains and

60 suitable rectifying arrangements are provided
for obtaining direct current to operate the re-
lays and neon lamps. - In the drawings the alter-

. nating current mains designated 10 and |l are

- shown incoming from the left hand side of Fig. 1

85 and for the operation of the master. fimer a tap-
ping is made from these leads by way of the
fuses FUS and main switches MNS to the primary
winding of the transformer XFR. This trans-
former is provided with three secondary windings

70 two of which connect with the thermionic valve
amplifier VLV which. supplies direct current of

~_the .order of 400 volts to the.terminals desig-

- nated 4+ and —.in a circle, for the purpose of

° fiashing the neon lamp N. . The third winding on

75 the secondary. side-of the transformer XFR con-
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 nects with the full wave metal rectifier bridge

MRA which supplies direct current of the order
of 50 volts to the terminal points marked 4 and
— in a square, for the purpose of operating the
relay F and the driving magnet DSM. Essen-
tially the master timer comprises a rotary step-
by-step switch DST of the type used in auto-
matic telephone systems which is completely im-

mersed in oil and arranged to be operated step g

by step from & neon lamp impulser, the speed of
which may be altered, by varying the setting of
‘the resistance switch {2 connected in series .with
the condenser QB." _ T

As regards the automatic stepping circuit it
should be explained that when the neon lamp
N flashes as the result of the charging of the con-

15

denser @B to the required voltage, relay E is - '

operated in series therewith, thereby at armature
el operating relay F, and at armature e2 con-
necting negative potential to the wipers of the
switch DST. Relay F on operating, at armature
72 completes the circult for the/driving magnet
DEM, at armature fl supplements the connec-
tion to the wipers of the switch DST, at armature
#3-shunts the neon lamp N and relay E by way of
resistance ¥YB and at armature f4 flashes the
master fail alarm lamp MFA. Relay E there-
upon releases and upon the release of relay F
after its slow period due to the copper slug on
its core, the driving magnet is de-energized to
advance the wipers on to the next set of bank
contacts. This action continues automatically
so long as the system is in service. One bank and
wiper of the switch DST is allotted to each con-
troller to be regulated and the control leads ex-
tend from the appropriate contacts in the asso-

ciated bank. Bank la connects with controller

No. 1 of which only the regulating relays have
been shown in the dotted rectangle; this con-
troller may be located adjacent to the master
timer. Bank 2a connects with controller No. 2
shown in Fig. 2, and bank 3a connects with con-

_troller No. 3, which is not shown as it is as-

sumed. to be identical with controller No. 2.

In the drawings each control lead is shown as
making two connections with its associated bank,
one of which is direct and the other extends by
way of a resistance. Consequently as the switch
rotates so-called light and heavy pulses are de-
livered over the control leads to the respective
controllers in turn.

The control leads may comprise light gauge
wires, for example telephone lines, and terminate
in the controllers on a pair ¢f relays B and C
shown in Fig. 2 connected in series, one of which

20
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30

35

40

45
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is marginal. . As a result of the operation of one .

or both of these relays from the light and bheavy

pulses the signal lights of the contrpller are reg-

ulated accordingly.. - .

In this particular example the complete cycle
time of the system is represented by 25 steps of
the rotary switch DST in the master timer. Each
step of the switch therefore représents 4% of the
total cycle time so that by varying the con-
nection of the control leads to the banks the

phase relationship between the different sets of-

control signals may be adjusted to a very fine

-degree.-

Each of, the'cdntrollers, which are all identi-
cal, comprises essentfally a battery of cams
mounted on a common shaft and arranged to

-close contact springs in a particular order. As
-regards the No. 2 controller shown in Fig. 2 it
“should be explained that the cam shaft is rotated

step by step under the control of a solenoid S

60
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70

75
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which is impulsed at predetermined time periods
from a neon lamp timing device, comprising the
lamp IN and impulse relay A. The cam as-
sembly is moreover, a standard unit which may
5 be used in different circumstances and controls
22 spring sets with six different positions.
full number of cams is not employed in the pres-
ent instance and the .chart shown in Fig. 2

shows the effect of the various cams. which are

10 used in this particular arrangement. The cam

tions are designated in the chart by a heavy black
circle or line.
. If it is assumed with regard to controller No. 2
"6 that the cam shaft is in its first position, cam con-
tacts Cl, C8 and C22 will be operated, thereby
lighting the green signal lamps GNS for the
north-south road, and the red signal lamps
REW for the east-west road, while at the same
20 time over cam contacts Cl, a circuit is complete
from the valve rectifier IVLV by way of a tap-
ping on the common resistance 13 for charging
the condenser QA: After the initial period of
for example 10 seconds has elapsed, the con-
25 denser QA will be charged sufficiently to cause
- the neon lamp IN to flash over, thereby operating
relay A which at armature al energizes the sole~
noid 8 which advances the cam shaft into its
second position. In this position, as will be evi-
30 dent from the chart, the signal lamps already lit
are maintained and over cam springs €2 and the

adjusting switch- shown a charging circuit is -

again completed for the condenser. Four such
adjusting switches are shown in the drawings
35 and it should be explained that the terminals of
these switches connect with suitable tapping
points on the common resistance 3. To meet
the requirements of the invention the resistance

connected in circuit in this position must be -

40 very high to ensure that the condenser charges
slowly, and for this reason the adjusting switch
C2? in question is preferably turned round into
its extreme position where it will be understood
that it connects with the end of the common

48 resistance shown.

During progressive working this particular tim-
ing circuit will have practically no effect on the
operation of the controller since with the normal
operation of the master timer a light pulse is

50 delivered over the control leads before it be-
comes operative. As already explained this light
pulse is obtained by including a high resistance

in the pulse leads at the banks of the master .

timer, and as a result relay B only is operated
- 88 in the controller, thereupon at its armature bi
in conjunction with the cam contacts C1 com-
pleting a low resistanée charging circuit for the
condenser QA. Almost immediately therefore the

neon lamp IN flashes and causes the controller

80 to step to position 8. Non-inductive resistances
are connected across the control leads as shown
in order to guard against false operation owing
to surges and inductive discharges.

In accordance with the change of the cam con-

65 tacts, the green lights for the north-south road
are now replaced with amber lights .ANS, and
over cam contacts C3 and the adjustable re-
sistance switch a circuit is completed for the

70 condenser QA to control the duration of the am-

ber signal. With this arrangement although the

phase of the amber signal may be changed when
an adjustment is made in the cycle at the master
timer, its actual duration remains constant since

75 it is determined by the setting of thelocal ad-

The °

justing switches and is not influenced by the
relays connected to the control leads. . .
In case it should be desired to show the am-
ber signal simultaneously to both roads, as is the
requirement of certain administrations, this may . §
be achieved- by bridging the amber circults by
means of the strap 14 shown dotted in the draw-
ings. After the duration of the amber warning
period the solenoid S again operates to step the

- cam shaft to position 4 and the control signals 10
contacts which are closed in each of the six posi-

are then completely reversed while over cam -
springs C# a charging circuit .is completed for

‘the condenser QA which provides an initial tim-

ing period of 10 seconds for the east-west road.
When this period has elapsed, the solenoid S 15
steps the cam shaft to position § and although
the signals previously showing are retained, the
charging circuit for the condenser QA is com-
pleted by way of the very high resistance as a
result of the adjusting switch assoclated with 20
cam contacts CE being turned into an extreme
position, .

Here again this second comparatively long
time period has practically no effect upon the
controller during normal progressive operation 23
since a heavy pulse wilk be recelved from the -
master timer meanwhile, which results in the
operation of both relays B and C, and the latter
at armature cl in conjunction with the cam
contacts CI8 steps the cam shaft into its final 30
position 6. In this manner the controllers are
stepped progressively depending on the connec-
tions to the banks of the timing switch, and pro-
viding the master timer is functioning correctly,
the time perfods of their “stop” and “go” sig- 35
nals will be directly regulated therefrom.

If however for any reason the master timer
should fall in such a manner that no further
impulses are delivered over the control leads, the
individual controllers will- continue to function 40
satisfactorily at somewhat longer time intervals
as & result of the charging. circuits completed
over the cam contacts C2 and C5. Moreover in

" case a particular line fault on the control con-
. ductors should maintain operated one or both of 48

the signal relays at the controller, the latter
will continue to function at somewhat shorter
time intervals as determined by the initial tim-
ing -circuit completed over cam contacts Cl and 50
CA.

In addition to the normal operation of the sys-
tem and the necessary safeguard against failure,
it is also possible to provide special features
such as for example causing all controllers to

- show a red signal to all approaches thereby ef- &5

fecting a complete hold up of the trafic. This
condition may be brought about instantaneously
from the master timer by the operation of the
manual switch which closes the contact marked -

‘ARS in the drawings, thereby connecting poten- 60

tial to a common wire 15 extending to all con-
trollers which results in the operation of a relay

‘AR in each. Relay AR at armature arl discon-

nects the operating circuit for the controller
which is thus brought to rest in the position to 65

"which it is set, at armature ar2 opens the cir-

cuit of the green and amber signal lamps and at
armature ar3 bridges the circuit of the red sig-
nal lamps so that both sets are lighted. " It will

" be appreciated from a consideration of the chart 70

that in all positions of the controller one or
other of the red signals will be showing and
therefore, the connection described will be ef-
fective no matter in what position the controller
is brought to rest. (]




4

For the purpose of switching the controllers on

and off a further common wire {6 is provided

which connects with the switch contact CSS3

at the master point and a relay CS in each con-

§ troller. The operation of the manual switch to

a second position disconnects the master timer

insofar as its control function is concerned by

opening the circuit to the valve rectifier VLV at

springs CSSI. and CSS2, and at springs CSS3

10 connects potential to the common lead 16 to

- operate a relay CS in~all controllers, which

thereupon at armatures csl disconnect the re-

spective controllers from the alternating cur-

rent mains, This method of control is preferred

15 to the alternative, whereby the relay is operated

to connect up the controller since a failure at

the master timer might then result in the indi-

vidual controllers becoming disconnected. In a

* further position of theé manual switch springs

20 CSSI and CSS? are opened but springs CSS3 are

not closed. In theése circumstances: the master

_controller no longer sends pulses but the indi-

vidual controllers are not switched off and con-

tinue to operate independently.

26  Arrangements are also provided by means of a

) special manual switch at each controller whereby

the all red feature may be brought into action

at that particular point only. When this manusal

key is operated, the springs ARS{ and ARS2 are

30. actuated, thereby disconnecting the circuit for

- the green and amber signal lamps and also con-

necting together the red signal lamps so that

both sets show simultaneously regardless of the
position of the controller. ]

36  In case it should become necessary under cer-

tain circumstances for a particular controller to -

be operated manually, the required circuit
changes are brought about by the operation of &
further key which actuates the springs MANH|
40 and MAN2? to disconnect the timing circuit of
‘the controller and also connects the solenoid 8
in cireuit with a push button PB. The operation
of the push button by the officer in charge causes
the controller to step through its cycle and any
45 desired time periods may be allowed.. - _
. - AS aiready explained, a supervisory lamp MFA
" is provided which is located in a conspicuous
position at the master timer and arranged to flash
in synchronism with the stepping switch. Any
.50 abnormal condition. such as the blowing of the
main fuse or fallure of the neon lamp will be
indicated by the failure of the supervisory lamp
to light. - o
In case the master timer is switched on at &

55 time when certain of the controllers are out of -

phase, the correct phase setting between each
will be restored when the stepping switch in the
master timer has made one complete revolution.

Considering now the arrangement of another .-

go embodiment of the controller illustrated in Pig-
ure 3, this represents the equipment at an indl-
vidual controller .which is intended to perform

- gimilar functions to that iilustrated in Fig. 2, but
is designed for actudtion by trafic. It will be
¢5 appreciated however that the current supply ar-
rangements are shown somewhat differently and
also that where complete remote control of the
corresponding functions is desired relays such as
+CS, AR and C will still be required to respond to
70 signals from the master controller. In this illus-

tratton relays CS and AR are omitted and the .

master controller need send only one control im-
‘pulse per cycle which operates relay C’ corre-
sponding to relay C in Fig. 2. The controller of
g5 F18. 3 15 of the same mechanical construction as

Jamps.
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that illustrated in Fig. 2, that is to say, it Is
provided with a number of sets of contacts oper-
ated by a cam shaft which is moved step by step
by means of a solenoid. Moreover, the stepping

of the solenoid is again controlled from a timing &
circuit employlng a neon lamp condenser com-
bination but in this case the timing is variable
under the control of vehicle detectors located in
the roadway. Moreover, two separate timing cir-
cults are employed and two road relays are pro- 10 .
vided which respond to the passage of vehicles
over the detectors. In view of the description
which has already been given it will not be neces-
sary to describe in considerable detail the work-
ing of the apparatus illustrated in Fig. 3 but the 15
more salient features of operation will be con-
sidered briefly. ) : ’

The current supply is assumed to be taken from
altermating current mains and is rectified to pro-
vide direct current for the operation of the neon 20

The transformer LXFR feeds the valve -
rectifier VR and also supplies alternating current
of a suitably reduced voltage for the operation
of the road relays. The live pole of the A. C.
circults is represented by a plus in a circle, the 2
live pole of the D, C. circuits by a plus in a square
and the common earthed pole by a minus in a -
circle and a square. The chart shows as before
the positions of the cam shaft in which the vari-
ous cam contacts are closed. ‘The various inter- 30
val adjusting switches INS, VNS, IEW, VEW,
LNS, LEW are wired to appropriate tapping
points of the resistance 20, and similarly the
switches MNS and MEW are wired to resistance
2! which glves tappings of higher value. 35

For convenience of description it will be as-
sumed first of all that the cam shaft is-standing
in position 6 giving right of way to the street NS
and that there is no traffic on either street.  In
these circumstances a charging circuit is com- 40
pleted over contacts C# and the adjusting switch
VNS for the condenser QJ, but owing to the fact
that neither relay D nor relay E is operated, it

is impossible for discharge to take place through

the neon lamp FJ when the condenser becomes 45
charged to the striking voltage. However, no
charging circuit is completed at this time for
the condenser QK even should the armature c’l
be operated due to the receipt of & pulse from the
master timer. 50
Suppose now that a vehicle arrives on the road
EW, relay D will be energized due to the operation
of s detector DEW and since contacts C6 are
closed, a circuit is completed over armature d2
and contacts C8 for striking lamp FJ so that. 55
relay J is energized and the solenoid is operated. -
at armature 7! and the cam shaft is moved to
position 1. In this position the lamp ANS is
‘lighted'in place 6f GNS and lamp AEW is lighted
in addition to lamp REW if the doited connec- 60
tion is used. Moreover, & new charging circuit
is completed for condenser QJ over cam contacts
C13, the adjusting switch LNS and the appro-
priate charging resistance. Relay D moreover
was locked up over armature di and contacts C7
so that as soon as the condenser QJ has been
charged sufficlently, which will occur after a few
seconds only, relay J is again operated and ad- -

. vances the cam shaft to position 2. In this posi- 70

tion lamps GEW and RNS only are lighted and
the vehicle in the street EW secures right of way. *~
Furthermore a new charging cirguit is now com-
pleted for condenser QJ, this time over contact
Ci4 and switch IEW. Consequently, after the 75
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period corresponding to the resistance now in-
cluded in the charging circuit, relay J is again
operated and the solenoid steps the cam shaft to
position 3. This produces no change in the lights
§ but the charging circuit for condenser QJ now
extends over contact -C15 and the switch VEW
-and moreover relay D is de-energized by the
opening of contacts C1 while owing to the closure
of contact CI6 a circuit is prepared for shunting
condenser QJ. If there is no further traffic, right
of way will remain on the EW road and the con-
denser QJ will become fully charged.
+ If further vehicles arrive on the EW road how-
ever relay D iIs again operated and shunts the
condenser by way of the comparatively low re-
sistance YE, cam contacts CI6 and armature 42

-10

15

and thus extends the time which will be required .

for the condenser to be charged to the striking
voltage of the lamp FJ. It may be pointed out
that since in these circumstances relay D is only
operated while the vehicle is actually passing
over the detector pad, the amount of extension
obtained is dependent on the speed of the vehicle,
being greater for a slow moving vehicle than for
a fast moving one,

If now a vehicle should arrive on the road NS,
relay E will be operated and locked and contacts
CIT will complete a circuit for effecting the oper-
ation of relay J as soon as condenser QJ is suffi-

20

25

30

~ length to permit the striking voltage of the neon
lamp FJ to be reached occurs in the traffic on
the road EW, relay J will be operated and will
advance the cam shaft to positions 4, 5, and 6 in
turn in the manner to be described to give right
of way to the road NS.

In case, however, the traffic on the road EW
should be substantially continuous, that is to say,
there should be no break sufficiently long to per-
40 mit condenser QJ to charge up, the maximum

timing circuit involving the condenser QK comes

into operation. It will be noted that this circuit
comes into operation as soon as there is a wait-
ing vehicle on the road NS at which time relay E

45 is operated and locks up over contacts C18. The
charging circuit for condenser QK now extends
over contacts CI2 and the switch MEW con-
denser QK, thence over cam contacts CI7 and
armature e2 by means of which a resistance 21

50 1s connected in circuit which will permit the con-

denser QK to charge up only after an interval

considerably greater than that required for the
charging of condenser QJ.
In position 4 of the cam shaft cams Ci0 and C22

55 are operated to display NS red and EW amber sig-
nal. A charging circuit over cam contacts C2, ad-
justing switch EEW ‘and the appropriate charging
resistance builds up the charge on condenser QJ
to the striking voltage or threshold conducting

60 E. M. F. of the lamp FJ.  The momentary cur-
rent flowing thru the lamp FJ energizes relay J
which at armature 71 completes a circuit to oper-
ate solenoid S, which advances the cam shaft to
position §.

65 - In positions § and 6 lamps GNS and REW are
lighted to accord right of way to NS traffic. The
charging circuit for condenser QJ in position § is
completed over cam contacts C3 and switch INS.
After the period corresponding to. the resistance

35

70 now included in the charging circult has elapsed,

relay J is again operated and the solenoid ad-
-vances the cam shaft to position 6, the NS ve-
hicle interval, thus: completing one cycle of. the
cam shaft.

5 - In position 6 relay E 1s not held energized by

ciently charged. Hence, if a break of sufficient .

the circuit over cam contacts C18 which are open
at this time, accordingly additional actuations of
detector DNS operate relay E only while the ve~
hicle is actually passing over the detector pad.
Operation of relay E at armature e2 completes a
circuit over cam contacts C9, low resistance YD to
shunt the condenser QJ, and thus extends the
time which will be required for the condenser QJ
to be charged to the striking voltage of the lamp
FJ. Upon an actuation of the detector DEW in
position 6 the maximum timing circuit involving
condenser QK becomes effective as it did in simi-
lar fashion upon actuation of detector DNS in

position 3 to prevent the street having right of.

way from holding right of way more than a pre-

determined period against a vehicle waiting on -

the other street. 'The charging circuit for con-
denser QK extends over contacts Cf, switch MNS,
resistance 21, condenser QK, contacts C6, and
armature d2. The cycle of operation described
repeats itself in accordance with traffic conditions
as pointed out.

It is assumed in the present case that the
road NS is the main road extending through the
various intersections and it will be seen from
the fact that cam contacts C8 are only opened
in position 6 that if there should be a continuous
stream of traffic coming from the road EW, that
is the side road, during the EW right of way
period, cam shaft positions 2 and 3, the main
road will receive right of way as soon as the
condenser QK becomes sufficiently charged in po-
sition 3. This transfer will take place because
relay K which also operates the solenoid S over
armature kf has its operating circuit completed
over contacts C8 in position 3 of the cam shaft.
In the case, however, of continuous traffic on the
main road, that is NS, in the NS right of way
period, with traffic waiting on the side road EW,
even though the condenser QK becomes suffi-
clently charged it is impossible for it to dis-
charge through relay K and neon lamp FK
until the instant at which a pulse is received
from the master timer to energize relay C! and
operate armature cli.:
fic on the main road is substantially continuous
so that the individual controllers are working on
their maximum periods, the actual instants at
which the various controllers withdraw right of
way from the main road are controlled by the
master controller and thus may be adjusted in
phase to permit main road traffic to proceed
with the minimum:-delay.

Accordingly if the traf--
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It will be noted that armatures d3 and 3 when -

operated serve to include resistances YF and YG

in their respective amber timing circuits so that.

when right of way is being forcibly removed an
additional amber period is given to facilitate
clearing the crosslng Similar control may be
obtained by means of the’ manual amber exten-
sion switches ENS, EEW.

The switches PNS and PEW are so-called
arterial switches and when operated ensure that
right of way shall return to the associated street
in the absence of traffic thereon. Their effect

55

856

is to simulate the operation of the pads at a time -

when the street in question is not recelving right
of way, though they do not produce any exten-
slon effect when the street already has right of

way. .
For example if switch PEW is closed relay D

70

will be energized by a circuit over switch PEW,

cam contacts CT to minus.which circuit will be
‘completed in all the positions in which cam con-
tacts CT are closed; viz., all cam shaft positions
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except the EW- vehicle interval, position 3. In
position 3 relay D will be operated by detector
"DEW actuations only, and in the manner de-
scribed when switch PEW is not closed. Simi-
& larly, when PNS is closed, relay E is energized
by & ecircuit over switch PNS and cam contacts
C18 to minus in all cam shaft positions except
the NS vehicle interval in which contacts Ci8
are open.
switches PNS and PEW may be placed in the
closed position as desired to energize the corre-
sponding detector relay in all positions except
its vehicle interval so as to return right of way
to its respective street, but produce no right of
way extension. ) .
The solenoid S is provided with three sets of

10

15

contact springs of which st and s2 serve to shunt -

condensers QJ and QK by.low resistances ¥J and
YK respectively.  (Springs s3 are effective in con-
junction with armature k2 to ensure that without
any further operation of the associated detector

20

' _right of way shall be returned to the street from .

which it has been forcibly removed.)

It will be understood that the master timer
and associated control relays are operated con-
tinuously so that relay C! in each individual
controller is operated once each cycle. This op-
eration only produces any effect however if the
traffic on the main road is so heavy as to run the
controllers up to their maximum timing periods.

26

30

It was a feature of the system described above -

that the time intervals could be extended beyond
their initial periods in accordance with the vol-
ume of traffic passing over the road pads. This
35 was achieved by arranging for the road pads
when operated. to shunt the condenser by way
of a resistance thereby producing a partial dis-

charge of the condenser and 2 corresponding in-

‘crease in the time taken for it to attain the
40 striking voltage of the lamp. Since the length
of time the road pad remains operated is in-
versely proportional to the speed of the vehicle,
it follows that the degree of discharge. of the
condenser and hence the time which the interval
45 is extended will be commensurate with that
The operation of this timing arrangement will
be better appreciated by reference to Fig. 3 of
the drawings. It will be appreciated that if right
50 of way has remained‘ with one of the roads for
, an appreciable time, and in the absence of traffic
on any of the roads, the condenser QJ will be
charged to the full voltage of the supply, which
13 assumed to be of the order of 400 volts. If
55 now the road EW has right of way and a vehicle
crosses one of the associated road pads DEW
the corresponding road relay D will be operated
to bring about the shunting of the condenser QJ
by way of the resistance YE which is of the order
60 of 2000 ohms.. Almost instantaneously the volt-
age across the condenser QA is lowered below 260
volts which is assumed to be the striking voltage,
or threshold EMF for conduction, (i. e. the voltage
at which the lamp begins to be conducting) of the
65 neon lamp FJ, thereby ensuring an extension of
- the right of way interval since the lamp FJ can-
not strike immediately if relay E is now operated
due to the presence of a vehicle on the road NS.
If the vehicle is moving at a slow speed, the dis-
70 charge of the condenser will continue for an ap-
preciable period until the wheels leave the road
pad so that the extension may be commensurate

- with the speed. . .. )
It has been assumed in the design of the equip-
75 ment under consideration. that the maximum

Accordingly one or the other of.

2,088,733

speed at which a vehicle will ever pass the cross-
ing will be in the neighborhood. of 60 miles an
hour, and the value of the discharge resistance
YE has been suitably chosen to enable the con-
denser to be discharged just below 260 volts by
a vehicle travelling at this speed.

In these circumstances the rate of discharge
of the condenser is fairly constant for vehicle
speeds from 60 down to.about 30 miles an hour,
but for speeds below 30 miles an hour the rate
of discharge falls off appreciably or in other
words the characteristic curve departs more and
more from a straight line.

In general the speed at which vehicles will pass
the crossing will probably be below 25 miles an

10

16

hour, and since as has been shown the rate of -

. discharge is rapidly falling off for such speeds

the difference in reduction of potential across the
condenser for speeds of 30 miles an hour and 5
miles an hour will not be nearly so great as the
difference in the reduction in potential for speeds
of ‘55 miles an hour and 30 miles an hour. In

other words the variation of the interval exten-.

sion with speed is not so sensitiye  for vehicles
travelling at average speed as for vehicles trav-
elling- at high speed, and since the latter are
without doubt the exception, the arrangement
could with advantage be transposed.

The most obvious way to obtain an improve-
ment is to increase the value of resistance YE

considerably, for example, up to 8000 ohms, which.

has the effect of altering the shape of the curve
so that the average speed range is shifted on to
the straight portion into somewhat the position
previously occupied by the high speed range.
This expedient has the disadvantage however of
displacing the high speed range to such an ex-
tent that vehicles travelling at speeds above
about 30 miles an hour are unable to discharge

the condenser below the striking voltage 260, and

consequently they are unable to produce an ex-

tension of the time interval. . i

To overcome this disadvantage it is necessary
to provide some means which will enable the
high speed vehicles to discharge the condenser to
just below the critical voltage of 260 regardless

. of thelr speed, so that in effect all the vehicles

in the high speed range will receive a fixed ex-
tension which will be suitably chosen so as to be

adequate for the slowest vehicles in this range. ’

It is important however to ensure that the means
which brings about the instantaneous discharge

of the condenser to a fixed voltage will cease

to be operative when that voltage has. been at-
tained, since otherwise it will interfere with the
operation of the average speed extension arrange-
ments. !

According to the invention this is achieved by
connecting a gas discharge tube in parallel with
the 8000 ohm discharge resistance, the character-
istics of the tube being such that it will cease to
glow at a voltage just below 260 volts. This ar-
rangement is shown in the Fig, 4 which repre-
sents the application of the invention to Fig. 3.of
the drawings the additional lamps ¥D and ‘FE
employed according to the invention being con-
nected across the resistances YD and YE respec-
tively. Operation of the device embodying the
invention will-be the same as operation of the
controller of Figure 3 except in the. vehicle in-
terval positions.
that the camshaft is in the EW vehicle interval
position 3 cams CI8 and CIT are closed and if
there has been no trafiic for some time condenser
QJ will be charged to the full voltage of about
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Assuming for example, then,
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400. If a vehicle now arrives on the EW road,
relay D will operate, and the lamp FE will im-
mediately strike and reduce the potential across
the condenser to its extinguishing voltage where-

upon the lamp ceases to pass current. If relay )

D remains operated for a longer time because the
vehicle is slow moving, further discharge of the
condenser will take place through the resistance
YE in the usual way. Similarly in the NS vehicle
interval position 6, if condenser QJ is charged
nearly to the full voltage a NS vehicle actuation
causing operation of relay E immediately causes
the tube FD to strike and if this actuation con-

~ tinues for any appreciable time further discharge

15

20

25

of condenser QJ thru resistance YD is produced
In the usual way.. It is desirable that the extin-
guishing voltage of the lamps FD and FE should
be appreciably below the striking voltage of the
lamp FJ in order that even a very fast moving
vehicle which actuates the detector for a short
time will discharge the condenser below the strik-
Ing voltage of the lamp FJ.

In case it should be necessary to control the
rapid discharge of the condenser to the fixed
voltage an adjustable resistance could conven-
iently be connected in series with the lamp with
known resuits. )

Summarizing briefly the operation of the tubes

- or lamps FD and FE, with particular reference

to Fig. 4, in conjunction with the tube FJ, it
will be understood that the striking voltage or
threshold E. M. F. of FD and FE is higher than

~ that of FJ, and the cut-off E. M. F. of FD and FE

35

40
-CB and armature e?. Since FD has & high thresh-
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is somewhat below the striking voltage of FJ.

When the right of way is on the NS street, con-

denser QJ cooperates with tube FJ to time the
minimum . period. Condenser QJ is of course
subject to resetting, in the building up of its
charge, by NS vehicles operating relay E to
'shunt QJ with low resistance YD over contacts

old value it is not operative unless the charge on
the condenser rises above this high threshold
value. At the end of the minimum petiod if
relay E has not been operated by NS vehicles and
if relay D has been operated by an approaching
EW vehicle, the circuit thru tube FJ and relay J
shunting condenser QJ will be completed at ar-
mature d2 and the tube and relay J will be
operated by the condenser charge to advance the
‘camshaft to its next position. If no EW vehicle
has arrived by the end of this minimum period,
however, the shunt circuit thru the tube FJ will
remain open, the charge on QJ rising above the
threshold E. M. F. of FJ toward line voltage in

‘the absence of NS vehicle actuation. If a NS ve-

hicle now causes armature e2 momentarily to
shunt QJ over contacts CB, resistance YD and
tube FD, the charge on QJ will immediately cause
FD to flash and the charge on QJ will be lowered
to the value at which FD is no longer conduct-
ing, which is-a value under the threshold. poten-
tial of tube FJ. Consequently such a NS vehicle
will have time to cross the intersection before FJ
can strike if d2 should be closed by an EW ve-
hicle at this time. Should the NS actuation en-

- ergizing relay E be of any appreciable length so

that e2 is still closed after- FD has extinguished,

discharge of condenser QJ below this value takes

place thru resistance YD in the usual way.

It will be unders/tood that many changes in the
construction and ‘arrangement of the parts of
the apparatus and substitution of equivalent ele-
ments might be made in the present embodiment

7

of the invention without departing from the spirit
of the invention as defined by the claims.
Having described my invention what I claim
as new and desire to secure by Letters Patent is:
1. In an electrical timing apparatus having a
condenser, a charging circuit including a resist-
ance, a particular potential responsive device and
switch connected in series and both across said
condenser, the time period of said apparatus be-
ing determined by the time required to charge
the condenser to the particular potential through

circuit including means for effecting closure of
the last said circuit across said condenser and
also including a gas discharge tube having a
minimum potential below which conduction
through the tube ceases, said minimum poten-
tial being below said particular potential where-
by upon such closure of the discharge circuit

-across the condenser when the condenser poten-

10

- the resistance, the combination of a discharge

15
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tial is above said minimum potential a rapid dis~

charge of the condenser to the minimum poten-
tial is secured so that for very short variable pe-
riods of closure of the discharge circuit the time
required to charge the condenser to the particu-
lar potential after any such periods of closure
shall be approximately constant.

2. In an electrical timing apparatus having a
condenser, a charging cireuit including a resist-
ance, a particular potential responsive device and

switch connected in series and both across sald ..

condenser, the time period of said apparatus
being determined by the time required to charge
the condenser to the particular potential through
the resistance, a discharge circuit including clo-
sure means for connecting the last said circuit

across said condenser and also including a gas:

discharge tube having a minimum potential be-
low which conduction through the tube ceases,
sald minimum potential being below said par-
ticular potential, and a resistance in parallel with
the discharge tube for effecting further discharge

_of the condenser when the discharge circuit re-

mains closed after the condenser has been dis-
charged to said minimum potential.

3. In an electrical timing apparatus having a
condenser, a charging circuit including a resist-
ance, a particular potential responsive device and
switch connected in series. and both across sald
condenser, the time period of said apparatus
beir:g determined by the time required to charge
the condenser to the particular potential through
the resistance, the combination of a discharge
circuit including means for connecting the last
said circuit across said condenser and also in-
cluding a gas discharge tube having a minimum
potential below which conduction through the

" tube ceases, sald minimum potential being below

said perticular potential, and a high resistance
in parallel with the discharge tube for effecting
further discharge of the condenser at a slower
rate when the discharge circuit remains closed
after the condenser has been discharged to said
minimum potential, : §

4. In an electrical timing apparatus having &
condenser, a charging circuit including a resist-
ance, a particular potential responsive device and

65

switch connected in .series and both across said -

“condenser, the time period of said apparatus. be-

ing determined by the time required to charge

70

the condenser to the particular potential through

the resistance, the combination of a discharge
circuit including closure means for connecting the
last said circuit across sald condenser and also
Including a gas discharge tube having & minimum

75
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potential below which conduction through the
tube ceases, sald minimum potential being below
said particular potential, and a resistance in par-
allel with the discharge tube for effecting fur-

.ther discharge of the condenser when the dis- -

charge circuit remains closed after the condenser
has been discharged to said minimum potential,
the value of said last named resistance being
such that further discharge will be approximately
proportionai to the length of the discharge cir-
cuit closure interval. :

- 5. An electrical timing apparatus comprising
a source of E. M. F., a condenser and & high re-

- gistance connected in series, a gas discharge tube
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having a threshold E, M. F. value for conduction
less than said source, a switch and a relay all
connected in series and across said condenser, a
control circuit including a lower resistance and a
second discharge tube in parallel with said lower
resistance, said second tube having a threshold
conducting E. M. F. value greater than the first
tube, and means for connecting sald control cir-
cuit across said condenser. ;

6. An electrical timing apparatus comprising a
source of E. M. F., a condenser and a high re-
sistance connected in series, a gas discharge tube
having a threshold E. M. F. value for conduction
less than said source, a switch and a relay all
connected in series and across said condenser,
a control circuit including a lower resistance and
a second discharge tube in parallel with sald
lower resistance, said second tube having &

- threshold conducting E. M. F. value greater than
the first and having a minimum E. M. F. for ces-
sation of conduction lower than the threshold
E. M. F. of the first tube, and means for con-
necting said control circuit across said condenser.

7. An electrical timing apparatus comprising a
source of E. M. F., a condenser and high resist-
ance connected in serles and to said source so as
to vary the E. M. F. on said condenser over a
period of time, a gas discharge tube having a
threshold E. M. F. value for conduction less than
said source and a relay connected in series, a
switch for alternatively connecting said tube and
relay across said condenser and disconnecting
the same from said condenser, said tube and re-
1ay being operated when so connected by said
switch when the E. M. F. on said condenser
reaches said threshold value and being unoper-
ated to permit the E. M. F. on said condenser to
exceed said threshold value when. disconnected

by said switch, a control circuit including a lower -

- resistance snd a second discharge tube in parallel

_with said lower resistance, said second tube hav-

ing a threshold conducting E. M. F. value greater-

than the first tube and a minimum E. M, F. value

for cessation of conduction somewhat lower than -

the threshold E. M. F. of said first tube, and
means for alternatively connecting said control
circuit in shunt with. sald condenser and discon-
necting the same therefrom, whereby the time
required for the E. M. F. on sald condenser and
~said first tube connected therewith to reach the
threshold value of said first tube so that said first

tube will pass current to operate the relay will

be varied in accordance with the proportions of
time that the last named connecting means con-
nects and disconnects said control circuit.

8. A timing apparatus comprising .a source of
E. M. F., a high resistance and a condenser in

. series, a gas discharge tube having a predeter-

‘mined threshold B. M. F. value for conduction, a

relay and a control switch in series with said

75_tube and all in shunt across sald condenser, said
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control switch having an open and closed posi-
tion and in its closed position completing a cir-
cuit for the discharge of the condenser through

the tube to operate the relay when the threshold .

E. M. F. is reached and in its open position main-~
tdining such circuit open so as to-permit the con-
denser E. M. F. to rise above the threshold E. M. F.
without operation of the tube and relay, and a
discharge circuit including a second switch and
a lower resistance in series across the condenser

10

and also including a means operable only upon .

the closure of said second switch when the con-

denser is charged above the threshold E. M. F.
to discharge the condenser very rapidly to a point
below the threshold E, M. F. n

9. An electrical timing apparatus comprising a
source of E. M. F., a condenser and & high re-
sistance connected in series, a discharge tube
having a threshold E. M. F. for conduction and a
relay and a control switch connected in series
and across the condenser, and a discharge cir-
cuit including means operable only when the con-
denser potential is above the threshold E. M P
and said switch is open to reset the condenser
potential to a point below the threshold E. M. F.
substantially instantaneously upon closure of the
discharge circuit, and further means effective
only when the condenser potential is below said
threshold E. M. F. to discharge the condenser be-
low said threshold E. M. F. to an extent approxi-

. mately proportional to the length of the discharge

circuit closure interval. :
10. In a trafic signal system having a traffic
actuatable means, a right of way signal to be dis-

played for the control of traffic and means for.

timing the period of display of said signal; the
last sald means comprising timing apparatus in-

cluding & condenser, a circuit for charging sald.

condenser to time the period of signal display, &
circuit including a discharge tube having &
threshold E. M. F. for conduction, means includ-
ing a relay operable to terminate such signal dis-
play and a control switch, said tube, relay and

_switch all' connected in series across the con-

denser, and a condenser, discharge circuit includ-
ing a second discharge tube having a threshold
E. M. F. greater than the first tube, a resistance
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in parallel with said second tube, and a second - '

control switch in series with said second tube and
its parallel resistance, said discharge circuit con-
nected in shunt with said condenser, sald traffic
actuatable means connected for operating said
second control switch so as to produce a partial
discharge of the condenser upon traffic actuation
and thus extending the signal display period until
said condenser has again become charged to the
threshold E. M. F. of the first tube, sald second
discharge tube assuring that momentary actua-
tion by traflic will discharge sald condenser below
the threshold E. M. F. of the first discharge tube
in event that said condenser is charged to a
higher E. M. F, when the first mentioned control
switch is open. :

11. In a traffic control system including a.'

traffic actuatable means, a right of way signal
and means for timing the period of display: of
said right of. way signal; the last sald means
comprising timing apparatus including a source
of E. M. F., a condenser and a high resistance
connected in series, a discharge tube having a
threshold E. M. F. for conduction and a relay
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and a switch connected in series and across said -

condenser, and a. discharge circuit including a
lower resistance and a control switch in series
and a second discharge tube in parallel with said

(.
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.lower resistance, said second tube having a

threshold E. M. F. greater than the first, said di=-
charge circuit being connectable across the con-
denser by operation of said control switch which
is operated by actuation of the traffic actuatable
means.

12, In a traffic signal system for intersecting
traffic lanes having right of way signals and
traffic actuatable means for each of the intersect-
ing lanes, and a timing apparatus connected to
said signals and to said traffic actuatable means

for causing the display of said right of way sig-.

nals for time periods for the control of traffic, the
traffic actuatable means in one lane acting during

condenser and a high resistance connected in
series, a time interval terminating circuit includ-
irg a discharge tube having a threshold E. M. F.
for conduction, means including a relay for

. terminating the right of way signal period for

said other lane and a normally open switch oper-
ated by the traffic actuatable means in said one

lane, said tube, relay and switch all connected

in series across said condenser, and a discharge
circuit including a lower resistance and a control
switch in series, said control switch operated by
the traffic actuatable means in said other lane,
and a second discharge tube in parallel with said
lower resistance, said second tube having a

15 the right of way period of the other lane to cause threshold E. M. F. greater than the first tube, said
transfer of right of way from such other lane to ‘discharge circuit being connectable across said
said one lane by said timing apparatus at the . condenser to discharge the same and thus extend
end of a time period, and the traffic actuatable the right of way period in said other lane by
means in the other lane acting upon actuation - operation of the control switch which is operated

20 during said right of way period of said other lane by actuation of the traffic actuatable means of

to prolong such period to delay such transfer; said
timing apparatus including a source of E. M. F.,, &

said other lane.
THOMAS PHILIP PREIST.

CERTIFICATE OF COERECTION.

Fatent No. 2,088,723.

August 3, 1937.

THOMAS PHILIP PREIST.

It is hereby certified that error appears in the printed specification

O

10

15

20

of the above numbered patent requiring correction as follows: Page )4., second’

column, line 69, after "and" Insert the words thereupon solenoids page
5, first column, line 57, for "switch EEW" read switch LEW; page 7, first
column, line la, for "armature e2" pead armature e2; and that the said

Letters Patent _should be read with these corrections therein th: "

may conform to the record of the case in the Patent Office,
Signed and sealed this 2lst day of December, A. D. 1937.

{Seal)

Henry Van Arsdale 3

Acting’ Commissionezf of Patents.

" the same




10

2,088,723

.lower resistance, said second tube having a

threshold E. M. F. greater than the first, said di=-
charge circuit being connectable across the con-
denser by operation of said control switch which
is operated by actuation of the traffic actuatable
means.

12, In a traffic signal system for intersecting
traffic lanes having right of way signals and
traffic actuatable means for each of the intersect-
ing lanes, and a timing apparatus connected to
said signals and to said traffic actuatable means

for causing the display of said right of way sig-.

nals for time periods for the control of traffic, the
traffic actuatable means in one lane acting during

condenser and a high resistance connected in
series, a time interval terminating circuit includ-
irg a discharge tube having a threshold E. M. F.
for conduction, means including a relay for

. terminating the right of way signal period for

said other lane and a normally open switch oper-
ated by the traffic actuatable means in said one

lane, said tube, relay and switch all connected

in series across said condenser, and a discharge
circuit including a lower resistance and a control
switch in series, said control switch operated by
the traffic actuatable means in said other lane,
and a second discharge tube in parallel with said
lower resistance, said second tube having a

15 the right of way period of the other lane to cause threshold E. M. F. greater than the first tube, said
transfer of right of way from such other lane to ‘discharge circuit being connectable across said
said one lane by said timing apparatus at the . condenser to discharge the same and thus extend
end of a time period, and the traffic actuatable the right of way period in said other lane by
means in the other lane acting upon actuation - operation of the control switch which is operated

20 during said right of way period of said other lane by actuation of the traffic actuatable means of

to prolong such period to delay such transfer; said
timing apparatus including a source of E. M. F.,, &

said other lane.
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