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This application is a division of application S.N.
403,398 filed January 11, 1954 (now abandoned).

Our invention relates to controls for gas turbine en-
gines and other combustion devices or thermal plants.
The preferred embodiment of the invention in a safety
contro] for a gas turbine engine with two combustion
chambers is described herein.

In brief, the control described herein employs two tem-
perature responsive devices such as thermocouples, one in
each combustion chamber, the responsive devices being
connected in opposition and operative through suitable
relay mechanism to shut off fuel to the engine when sig-
nificant temperature unbalance occurs.

The invention which is the subject of this application lies
particularly in a thermocouple circuit including means for
checking the continuity of the circuit to assure that it is
in condition to perform its function,

The principles and advantages of the invention will be
apparent to those skilled in the art from the succeeding
detailed description and the accompanying drawing which
is a schematic diagram of a gas turbine fuel system em-
bodying the invention.

The fuel system is illustrated in combination with a
gas turbine engine which comprises a compressor 10 sup-
plying combustion chambers 11 and 12, and a turbine
wheel 13 driven by combustion products from the cham-
bers and driving the compressor through a shaft 14. This
part of the engine serves as a gas generator for a power
turbine wheel 16 driving a shaft 17. Fuel nozzles 18 in
the combustion chambers are supplied from a fuel tank
19 through pump 21, fuel control 22, a normally closed
solenoid-opened valve 23, and line 24.

Thermocouples 31 and 32, which may be of a known
quick-response high-temperature type, are mounted ad-
jacent the discharge ends of combustion chambers 11 and
12. ‘These couples are in reverse series connection so
that the thermoelectric EM.F.’s of the two are opposed,
and the resultant E.M.F. is substantially zero when the
two are at the same temperature. The series circuit may
be traced through thermocouple 31, lead 33, switch 36,
coil 37 of a sensitive relay 35, resistor 38, lead 39, thermo-
couple 32, and lead 41. Relay 35 is of a known galva-
nometric type. 'Coil 37 operates an armature 44 in either
direction in response to direction of current in the coil.
A contact arm 46 actuated by the armature will engage
either of two fixed contacts 47 in response to excitation
of coil 37 above a predetermined value. The contact arm
is magnetically urged into, and held in, engagement with
the contacts until released by energization of a reset
coil 48.

Closure of contacts 46, 47 energizes solenoid valve 23 to
close the fuel line by means of the following circuit: A
battery 51 is connected to ground, and through switch 52,
line 53, relay coil 54, switch 56, and contacts 47 (when
closed) to ground. The battery also is connected through
line 53, switch 58, back contacts 59 which may be opened
by coil 54, and solenoid 61 of valve 23 to ground. Re-
lay coil 54 is shunted by a resistor 63 and a signal light
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64 which is energized when contacts 47 close. The re-
set coil 48 js energized from the battery through line 53,
resistor 66, and normally open push button switch 67.

In normal operation of the electrical system, switches
52, 36, and 56 are closed. Switch 38 is closed to energize
valve solencid 61 to admit fuel to the engine upon start-
ing. Contacts 47 are normally open and contacts 59
normally closed. If, however, the differential E.M.F, of
the thermocouples 31 and 32 exceeds the threshold of re-
lay 35, contacts 47 close, energizing warning light 64 and
relay coil 54, opening contacts 59 and cutting off the fuel
at valve 23. Because of tlie inherent thermal lag of
thermocouples, the response of the relay is a funétion of
both the magnitude and duration of the temperatiire dif=
ference between the combustion chambers. .

Light 64 is energized to indicate that the differential
temperature safety circuit has cut out thé engirie. It re=
mains cut out untjl switch 67 is closed to reset telay 35.
Switch 56 may be opened to disable the energizing elreuit
of relay 54, if desired. Thus, switch 56 may be ¢losed onily
when starting the eéngine if the system is desifed to be
operative oily then. Switeh 52 is an overall énefgizing
switch for the systeim. )

A test ¢ircuit for the thefmocouple cireuit i§ provided.
Energized line 53 is connected through high resistaics 71
to the ciicuit on one side of switch 36 while the eirciit
is grounded through high resistance 72 on the otlief side
of switch 36. With switch 36 closed, the simall éurrent
bled through resistors 71 and 72 in series passes through
this switch and does not affect the relay 35. To test cons
tinuity of the thermocouple circuit, switch 36 is opened,
whereupon the battery 51 is connected through resistor
71, relay coil 37, the thermocouples, and resistor 72 to
ground. If the circuit is complete, relay 35 operates; ens
ergizing lamp 64. _

It will be apparent that the invention may be employed
in other environments than that described and may be
embodied in diverse combinations of apparatus within the -
scope of the invention.

We claim:

1. In combination, a control circuit comprising at least
one thermocouple, a galvanometer, and a normally closed
switch in series, and means for testing continuity of the
circuit comprising a low-current supply means connected
to opposite ends of the switch so that the galvanometer is
energized by the said source through the thermocouple
when the switch is opened,

2. A control circuit comprising, in combination, thefigs
couple means, current-responsive means, and a normally
closed switch conmected in series, and means for testing
the continuity of the series circuit comprising a limited cur~
rent supply means connected to the series circuit at op-
posite sides of the switch so that the current-responsive
means is energized by the source through the thermocouple
means when the switch is opened and the series circuit is
continuous.

3. A circuit as recited in claim 2 in which the thermo-
couple means comprises two thermocouples in series op-
position.
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