2,650,333

N. B. TAYLOR
TIMING SYSTEM

Aug. 25, 1953

Filed Aug. 6, 1948

g+

\h [
$94 €9 19
29

8+
99

INVENTOR.
Neil B. Taylor



Patented Aug. 25, 1953

2,650,333

UNITED STATES PATENT OFFICE

2,650,333
TIMING SYSTEM

Neil B. Taylor, Chicago, Ill., assignor to Motorola,
Inc., Chicago, Ill,, a corporation of Illinois

Application August 6, 1948, Serial No. 42,911
(CL 317—146)

- 2 Claims.

This invention relates generally to timing sys~
tems and more particularly to an electronic tim-
ing system in which the interval between oper-
ations can be adjusted.

Timing systems have come into very common
usage due to the great demand for automatically
controlled equipment. Various types of timing
systems have been used including mechanical sys-
tems, clock operated systems and electronic tim-
ing systems. Electronic timing systems, while
being adaptable to many uses and being gener-
ally flexible in their nature, have been relatively
complicated and expensive. In many cases thy-
ratron or other expensive tubes are used result-
ing in a system which is relatively expensive,

It is, therefore, an object of the present inven-
tion to provide a simple and inexpensive elec-
tronic timing system.

Another object of this invention is to provide
a timing system for providing a plurality of con-
trols in sequence in which the interval between
controls may be easily adjusted.

A feature of this invention is the provision of
a timing system including a plurality of sections
each of which includes a relay for connecting a
condenser to a source of potential and then con-
necting the condenser to a vacuum tube for
causing the tube to conduct to energize the next
section.

A further feature is the provision of such a :

system in which the time required for discharge
of the condenser can be controlled to thereby con-
trol the timing interval between the various con-
trols.

A still further feature of this invention is the
provision of a timing system including a plu-
rality of relays for producing any desired con-
trol operations in sequence, in which contacts of
the relays provide connections for charging a con-
denser and for applying the potential across the
condenser to another section of the system.

Still another feature of this invention is the
provision of a timing system for operating a
plurality of controls in sequence and including
an auxiliary circuit which is energized during
the entire timing operation.

Further objects, features and advantages will
be apparent from a consideration of the follow-
ing description when taken in connection with
the accompanying drawing which illustrates one
embodiment of the timing system.

In practicing the invention there is provided
a timing system including a plurality of sections
each of which includes a relay having contacts
for producing any desired control function and
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other contacts for operating another section of
the system. These other contacts are arranged
to connect a condenser to a source of potential
and then, in response to operation of the relay,
connect the charged condenser to the control
grid of a vacuum tube so that the tube conducts.
The output circuit of the tube is connected to
the relay of another section to cause operation of
such next section. The contacts of the relays
may be arranged so that the condensers may nor-
mally be charged and, therefore, cause the tubes
to conduct as soon as the preceding relay is oper-
ated. Alternatively, the condensers may be nor-
mally discharged and charged when the relay is
actuated. In this system the vacuum tube of any
section will not be rendered conducting until the
relay in the preceding section has dropped out.
Combination of circuits operating in the two ways
may be combined in the same system if desired.
The length of time the tube conducts will, of
course, depend upon the time required to dis-
charge the condenser and may be controiled by
the use of a variable resistor across which the
charge on the condenser leaks off. An auxiliary
circuit is provided which is connected to a set of
contacts on each of the main relays for operating
an additional relay to produce some control func-
tion as long as any one of the main relays are
actuated.

With reference to the drawing, the figure is a
schematic representation of applicant’s inven-
tion.

Referring now to the drawings, the main oper-
ating switch is indicated at 10. This switch is
connected to relay {i, the operating coil 12 of
which is connected through resistor (3 to -B.

“7The relay {1 includes single-throw contacts {4

and {5 and double-throw contacts 16 and 11. The
relay is shown in an un-energized position with
the contacts 14 open and the contacts t5 closed.
The contact set 16 includes stationary contacts
i8 and 19 and movable contact 20, and contact
set 17 similarly includes fixed contacts 21 and 22
and movable contact 23. A condenser 24 is con-
nected to movable contact 23 and when the switch
is in the normal position, as illustrated, the con-
denser is connected through contacts 21 and 23
to +B. This will, of course, charge the condenser
Now when the relay (2 is
actuated, the movable contact 23 will engage
fixed contact 22 so that the potential of the con-
denser is a; )lied to the contact 22.

As illustrated, the contact 22 is connected

"through resistor 25 to the grid 26 of triode sec-

tion 21. A variable resistor 28 is also connected
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to the fixed contact 22 and is effective to dis-
charge the condenser 24 when the condenser is
connected to the variable resistor through con-
tacts 22 and 23. The plate potential on the
triode 217 is such that when the charged condenser
23 is connected to the grid 26, the tube 27 will
conduct. This will cause current from the
cathode 29 to flow to the energizing winding 30
of relay 31. This, of course, causes this relay to
be operated. When the voltage on condenser 24
drops to a predetermined value, the voltage on
grid 26 will not be sufficient to render the tube
conducting and the relay 31 will drop out.

Relay 31 may be generally similar to relay it
and includes single-throw contacts 32, 33 and 34
and double-throw contact set 35.
parent, contacts 32 and 34 are normally open
and gre closed by the actuation of the relay 3I.
Contacts 33 are normally closed and are opened
by operation of relay 31. It is obvious that these
relays may have different contact arrangements
than those shown, and the arrangements shown
merely illustrate one embodiment of the struc-
ture. Contacts 32 and 33 can be used to operate
any desired controls. The contact set 35 of relay
31 includes fixed contacts 36 and 37 and movable
contact 38 with the contact 38 being normally
in engagement with the contact 36. A con-

- denser 40 is connected to contact 38. When the
relay 31 is actuated the movable contact 38 en-
gages contact 37 to charge condenser 40 from
+B potential. When relay 3( then is de-ener-
gized or falls out, the potential across condenser
40 is applied through resistor 41 to the grid 42 of
triode 43 and causes the triode 43 to conduct.
Variable resistor 44 is thereby connected across
the condenser 40 through contacts 36 and 38
and is effective to discharge the condenser at a
rate depending upon the adjustment of the
variable resistor 44. Contacts 34 are included
in the auxiliary circuit as will be further. ex-
plained.

A relay 45 is connected to the tube 43 with
the winding 46 thereof being connected in series
with the cathode. The relay includes single-
throw contacts 41, 48 and 49. The contacts 4T
and 48 can be used to provide any desired con-
trol function and the contact 49 is used in the
auxiliary circuit. It is obvious that additional

stages can be added which may be arranged so !

that they will operate after the tube 43 conducts.
This can be accomplished by providing additional
contacts on relay 45 such as contacts 35 on the
relay 314

- The contacts {6 of relay (1 are used to control
the tube 50. When the relay {( is closed con-
tact 20 engages contact 19 to charge condenser
51. Then when the relay i1 is de-energized so
that the contacts fall back, the contact 20 en-
gages contact 18 and connects the voltage across
condenser §1 to the grid 54 of tube 50 through
resistor 52. Variable resistor 53 again provides
a discharging path for the condenser. Tube 50 is
rendered conducting by the voltage from con-
denser 51 when this condenser is charged. A re-

lay §5 is connected to the tube 50 with the wind-

ing 56 thereof being connected in series with the
cathode 571 of the tube. This relay includes
single-throw contacts 58, 59 and 60. Contacts
58 and 59 may be used for any desired control
function and contacts 60 are in the auxiliary cir-
cuit.

As long as any one of the sets of contacts 34,
49 and 60 are closed, an auxiliary cireuit is com-
pleted through the winding 6! of relay 62 and

As is ap-
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resistor 63 to +B. This causes actuation of the
relay 62 which includes contacts 63, 64 and 65.
Contacts 63 may be used to energize a light as
indicated at 66 so that it will be apparent to an
operator that the controls are being operated.
Such a light is of particular value in a system
in which one control operation may not be start-
ed until the previous control operation has been
completed. Contacts 64 and 65 may be used for
any desired control functions.

It will be apparent that various' types of
switching operations may be produced by the
above system. When the main switch 0 is op-
erated relay ({ will be operated and contacts (1
thereof are effective to cause operation of relay
31. Therefore, the control circuits connected to
contacts 14 and 15 will first be operated and then
control circuits connected to contacts 32 and 33
will very shortly thereafter be operated. Con-
tacts 14 and 15 will remain in operated position
as long as switch 10 remains closed but contacts -
32 and 33 will drop out as soon as the condenser
24 discharges through resistor 28 to such a value
that the tube 27 no longer conducts. By re-
versing the fixed contacts on the contact set 35,
tube 43 can be made to conduct almost immedi-
ately after tube 27 so that control circuits op-
erated by contacts 47 and 48 would be operated
after a very short interval. However, as illus-
trated, the tube 43 is not rendered conducting
until tube 27 ceases to conduct and, therefore,
a considerable interval of time elapses before
control circuits connected to contacts 47 and 48
are operated with this time depending upon the
value of resistor 28 Likewise, the length of
time that the contacts 47 and 48 are operated
will depend upon the value of resistor 44 which
controls the discharging of condenser 40. )

When the main switch 10 is open the tube 59
will conduct $o that control circuits connected
to contacts 58 and 59 will be operated. These
contacts will remain operative until condenser
51 is discharged by resistor 53 to such an extent
that the tube 50 no longer conducts. The auxil-
lary circuit, in addition to indicating when con-
trolling operations are taking place, may also
be used to provide such other controls as are
desired.

It is obvious that many changes can be made
in this system -without departing from the in-
tent of the invention. For example, a much
larger number of sections can be used. Various
sections can be made to operate’ after different
intervals and these succeeding sections can be
made to operate immediately adiacent the pre-
ceding section or after the preceding section hag
operated and then dropped ouv. The embocdi-
ment of the invention illustrated is, therefore,
to be considered as illustrative only, and the in-
vention is to be limited only to the extent defined
in the appended claims.

I claim:

1. A timing system for operating s plurality
of controls in sequence including in combina-
tion, a source of positive potential, a first elec-
trically operable control including relay means, -
first condenser means, resistor means, an elec-
tron discharge valve having a cathode, an anode
and a grid, main operating switch means hav-
ing a movable contact and first and second fixed
contacts, circuit means connecting said first
condenser means between said movable con-
tact and ground, said source of potential to
said first fixed contact, said grid of said valve
to said second fixed contact, and said resistor
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means between said grid of said valve and
ground, means connecting said source of poten-
tial to said anode of said valve and connecting
said relay means between said cathode of said
valve and ground so that said cathode of said
valve is held at a positive potential and said
valve is normally non-conducting, said movable
contact of said switch means normally engag-
ing said first ixed contact to charge said con-
denser means from sald source of positive po-
tential and moving upon actuation of said switch

10

means to a position engaging said second fixed -

contact to apply the charge across said con-
denser means to said grid for rendering said
discharge valve conducting, said resistor means
constituting a discharge path for said condenser
when sald switch is actuated to reduce the
charge thereof and thus control the interval dur-
ing which said valve conducts, second condenser
means, and a second electrically operated con-
trol, said relay means having a movable contact
and first and second fixed contacts positioned
to be selectively engaged by said movable con-
tact, said circuit means connecting said second
condenser means to said movable relay contact,
said source of potential to said first fixed relay
contact, and said second electrically operable
control to said second fixed relay contact, with
said relay means holding said movable contact
thereof in engagement with said first fixed con-
tact thereof for charging said second condenser
means when said discharge valve is conduct-
ing, and holding said movable contact thereof
in engagement with said second fixed contact
thereof when said discharge valve is non-con-
ducting, so that said charged condenser means
actuates said second electrically operated con-
trol.

2. A timing system for operating a plurality of
controls including in combination, a source of
positive potential, main operating switch means,
main relay means connected to said source of
potential through said main switch means, sald
main relay means including first and second
contact means each including a movable contact
and normally closed and normally open fixed
contacts selectively engaged thereby, first and
‘second condenser means individually connected
to said movable contacts of said first and second
contact means, first and second electron dis-
charge valves each having a cathode, an anode,
and a grid, said anodes of said valves being con-
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6
nected to said positive potential, first and second
relay means having operating portions individ-
ually connected between ground and said cath-
odes of said valves, first and second resistor
means individually connected between ground
and said grids of said valves, said normally closed
fixed contact of said first contact means of said
main relay means being connected to said source
of positive potential whereby said first condenser
means is normally charged thereby, said normal-
ly open fixed contact of said first contact means
being connected to said grid of said first valve
so that the potential across said first condenser
means is applied to said grid of said first valve
when said main relay means operates to render
said first valve conducting and actuate said first
relay means, said normally open fixed contact of
said second contact means being connected to
said source of potential to charge said second
condenser means when said main relasy means is
operated, said normally closed fixed contact of
said second contact means being connected to
said grid of said second valve so that the po-
tential across said second condenser means if
applied to sald grid of said second valve when
said main relay means is released to render said
second valve conducting and actuate said second
relay means, said first and second resistor means
individually operating to discharge the connected
condenser means and thereby controlling the pe-
riod of conduection of said first and second valves.

NEIL B. TAYLOR.
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