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(57) Abrégée/Abstract:

The broken shaft detection system and method uses a detector assembly mounted downstream of a power turbine wheel of a gas
turbine engine to detect rearward axial motion of the wheel and thereby a broken shaft event. The detector assembly has a plunger
positioned to be axially displaced against a link connected in an electrical circuit. The link may be broken when the plunger Is
displaced thereby creating an open circuit that may be detected by a detection and test element. The breaking may be
communicated to an overspeed circuit that controls a shut off switch that interrupts fuel flow to the engine. The link may be
connected to the detection and test element by two pairs of parallels wires to facilitate monitoring of circuit function and to detect
fallures that are not broken shaft event failures.
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(57) Abstract: The broken shaft detection system and method uses a detector assembly mounted downstream of a power turbine
wheel of a gas turbine engine to detect rearward axial motion of the wheel and thereby a broken shaft event. The detector assembly
has a plunger positioned to be axially displaced against a link connected in an electrical circuit. The link may be broken when the

plunger is displaced thereby creating an open circuit that may be detected by a detection and test element. The breaking may be

communicated to an overspeed circuit that controls a shut off switch that interrupts fuel flow to the engine. The link may be connected
to the detection and test element by two pairs of parallels wires to facilitate monitoring of circuit function and to detect failures that

are not broken shaft event failures.
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GAS TURBINE ENGINE BROKEN SHAFT
DETECTION SYSTEM

BACKGROUND OF THE INVENTION

[0001] This invention generally relates to systems used to detect failure

of gas turbine engines and more specifically to a gas turbine engine shatft
failure event. The new detection system uses the physical breaking of an
electrical circuit that includes redundant wiring and associated electronics to
detect a turbine engine broken shatft.

10002] Gas turbine enginés generally include rotating shafts having
compressor rotors driven by turbine rotors and other elements attached thereto.
The engine shaft in operation rotates at high speed in a turbine having limited
tolerance for longitudinal motion of the shaft and its components. If there is an
engine failure which allows axial longitudinal motion of the shaft relative to
other engine elements the detection of such motion may be used to activate the
shut off of the engine thereby minimizing further damage to the engine ana
preventing turbine overspeed which, for a gas turbine engine such as on an
aircraft, may be catastrophic. The shaft breakage may result from bearing
failure, imbalance, or other reasons.

[0003] Traditionally the failure detection system for gas turbine engine
shafts has involved complicated mechanical linkage and hydraulic elements to
detect engine failure and cause the shut off of the engine. An example of a
single thread electro-optic sensor system is disclosed in U.S. Patent No.
5,411,364. This sensor system eliminates the need for complicated
mechanical mechanisms by use of a single optical communication link that is
routed through the stream of gas flow in a sensor element slightly downstream

of a rotor element. If a failure or other event causes axial motion of the turbine
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rotor in the direction of the optical communication link such that a rotor element
impacts the sensor, the optical communication link is broken which condition
may be detected as the absence of an optical signal. This system requires use
of active electro-optical components, such as, light emitting diodes and light
activated diodes, near the turbine or use of optical wave-guides and other
components for sensing and transmitting. Use of such components in or near
the turbine is undesirable as the turbo machinery represents an inhospitable
environment for such equipment that may result in sensor failure and false
indication of engine failure. |
10004] The use of electromechanical switches to detect compressor failure
has been disclosed in U.S. Patent No. 3,612,710. While this invention
discloses a primarily mechanical switch with electrical continuity/discontinuity
features, it is complex in operation, which may lead to failure of the sensor and
false indication of compressor condition. There is no provision to distinguish
an open circuit due to the rotor or impeller movement from a failure of the
electrical circuit elements. While such lack of differentiation may not be critical
for the disclosed compressor application, a false indication for a gas turbine
engine such as on an aircraft may be catastropnhic.

[0005] As can be seen, there is a need for a reliable detection system with
a low probability of false indications that is based on a simple mechanism to

sense axial motion of a turbine engine rotor shatt.

SUMMARY OF THE INVENTION

[0006] An improved gas turbine engine broken shaft detection system

according to the present invention comprises a redundant electrical circuit
closed by a breakable wire link in communication with detection and control

elements for shut off of a gas turbine engine in the event of rotor shaft failure
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as for example a broken shaft.

[0007] In one aspect of the present invention a broken shaft detection
system for detecting a gas turbine engine broken shaft comprises a detector
assembly having a plunger assembly for axial displacement against a link that
forms continuity in a circuit detection element. When the link is broken by axial
displacement of the plunger the open circuit created may be detected by a
detection and test element that communicates such open circuit to an
overspeed circuit. The overspeed circuit controls a shut off switch to actuate a
shut off valve to halt fuel flow to the engine. The circuit detection element has
two pairs of parallel wires for connection between the link and the detection
and test element that enables the system to differentiate between a broken link
and a broken wire or wires elsewhere In the interconnections and provides for
redundancy and testing of the health of the system.

[0008] In another aspect of the invention a method for detection of a
broken shaft in a gas turbine engine comprises mounting a detector assembly
downstream of a power turbine wheel; positioning a plunger of the detecto‘r
assembly to be displaced against a link In the event of rearward motion of the
power turbine wheel; sensing the breaking of the link; and communicating the
breaking to a shut off valve to stop fuel flow to the engine. The detector
assembly link may be connected to a detection and test element by two pairs of
parallel wires for redundancy and to facilitate testing by measurement of
current for open circuit detection; monitoring for current ground paths parallel to
the link; and self testing of wires to check open circuits not attributable to the
link breaking.

[0009] These and other features, aspects and advantages of the present
invention will become better understood with reference to the following

drawings, description and claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Figure 1 illustrates a schematic block diagram of the system
according to an embodiment of the present invention;

[0011] Figure 2 illustrates a schematic block diagram of the electronic
control unit, fuel shutoff valve and detector elements;

[0012] Figure 3 illustrates a schematic diagram of the detection circuitry for
link breakage and system faults;

[0013] Figure 4 illustrates an engine mounting location for the detector
assembly according to an embodiment of the present invention;

[0014] Figure 5 illustrates a schematic representation of a mounting

position for the detector assembly shown in Figure 4.

DETAILED DESCRIPTION OF THE INVENTION

[0015] The following detailed description is of the best currently
contemplated modes of carrying out the invention. The description is not to be
taken in a limiting sense, but is made merely for the purpose of illustrating the
general principles of the invention, since the scope of the invention Is best
defined by the appended claims.

[0016] Referring to Figure 1, a broken shaft detection system 10 may have
a closed circuit detection element 20 in communication with dual detection and
test elements 52. The detection and test elements 52 may be In
communication with output circuits 80 to cause activation of engine shut off
switches 100 for activation of the engine shut off valve 110. When a link 24 is
broken on the happening of the event of a broken engine shaft, the detection
and test elements 52 sense the event and communicate it to the overspeed

circuit 80 to initiate shut off of the engine (not shown). A power supply 12 as
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well as other associated electrical and mechanical support elements, such as,
wiring, cables and mounting hardware are associated with the system. The
elements represented in Figure 1 may be located in an electronic control unit or
ECU. However, the link 24, interconnecting wiring and the shut off valve 110
may be external to the ECU.

[0017] Referring to Figure 2, the ECU 50 is in electrical communication
with the circuit detection element 20 and the shut off valve 110. The broken
shaft detection system 10 may have in common, elements of a pilot's shutoff
system 210 as well as other engine overspeed or failure systems. The circuit
detection element 20 may have a detector assembly 22 that includes a link 24
that provides circuit continuity between circuit wire pairs 26, 28. The condition
of circuit continuity is monitored by the ECU 50.

[0018] The two wire pairs 26, 28 are routed from the detector assembly 22
that may be located In the gas turbine engine 200, to the ECU 50. For

redundancy the two wire pairs 26, 28 may be split to be in electrical
communication with a second ECU 50 (not shown). In this embodiment the
paralleling of the two wire pairs may be initiated in the detector assembly 22 to
maximize redundant capability.

[0019] The two wire pairs 26, 28 may be routed through opto-isolated
switches 54 for open/short built in test (BIT) and then connected to a pair of
detection and test elements 52. The detection and test elements 52 provide
two independent circuits for redundancy and for prevention of false indication
(in the event one of the test elements 52 fails) to monitor the turbine shaft
status. The opto-isolated switches 54 are used to simulate an open circuit of
the link 24 to check the detection and test element 52. The detection and test
element 52 may be in communication with the overspeed circuits 80 to activate

the shut off switch 100 to apply power to the shut off valve 110.

[0020] In operation each detection and test element 52 may be activated
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when continuity is established in the circuit detection element 20. When the
link 24 is severed or open for approximately 1.0 to 1.5 msec as detected by
both detection and test elements and continuity exists in the wire pairs 26, 28,
the ECU 50 may actuate the shut off valve 110 to stop fuel flow to the engine
200. The use of wire pairs 26, 28 adds redundancy that does not exist in
current failure detection systems to detect false failure indications such as loss
of a connector. The detection and test elements 52 will not indicate a broken
link if either individual circuit 26 or 28 is not continuous when the continuity
between the individual circuits 26 and 28 is broken. Each ECU 50 may monitor
the detector assembly 22 for redundancy. Once the broken shaft detection
system has detected and open link 24 the output circuits 80 may not reset {o
allow fuel flow if continuity of link 24 is subsequently detected or if the
continuity in either or both individual circuit 26 or 28 is subsequently lost. This
safety feature prevents introduction of fuel to the engine 200 when the broken
shaft event has lead to subsequent damage to the broken shaft detection
system. A central processing unit 56 separate from or included in the ECU 50
may be used to control and monitor operation. Information such as detection
and test element 52 status, and BIT activation and results may be processed by
the central processing unit 56 sottware.

[0021] The ECU 50 enabling of the shut off valve 110 may be
accomplished by the activation of both output circuits 80. The output circuits
80 enable shut off switch 100 that may apply 32 to 45 Vdc to the shut off valve
110 for approximately 25 to 800 msec and then maintain approximately 63 io
90 mA thereafter while the signal is active. The overall reaction time of the
broken shaft detection system 10 may be less than 4.5 msec to achieve 95
percent of the shut off valve 110 activation voltage.

[0022] In addition to detection of a broken or open link 24 element, the
ECU 50 may detect, with the link 24 open or closed, an open circuit in wire

pairs 26, 28 or both. A short to ground of less than 500 ohms of a wire in wire
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pair 26 and wire pair 28 may be detected to identify a current path parallel to
the link 24. Such condition may prevent detection of an open link 24. Opto-
Isolated switches 54 may be used to simulate an open circuit between wire
pairs 26 and 28 and an open circuit in any one or more wires in the wire pairs
26, 28.

[0023] Referring to Figure 3, the schematic of elements of the ECU may
Include dual voltage comparators 40 for detection of a link 24 breakage. Also,
the dual voltage comparators 42 and 44 may monitor the wire pairs 26, 28.
Under conditions of no fault and no link 24 breakage these comparators 40, 42,
44 sense approximately equal voltage on the wires. The two current monitor
elements 45, 46 measure total current flow in the circuit and the two power
monitor elements 47, 48 measure voltage level in the circuit. The current
leakage element 49 monitors resistance to ground to detect shunt paths that
would mask detecting a broken link. The power supply 12 power condition at
points A and B is communicated to the detection and test element 52
comparison circuitry. Appropriate valve circuit elements such as resistors R1 -
RS are connected for proper circuit parameters.

[0024] Referring to Figures 4 and 5, the engine 200 broken shaft detection
system 10 should shut off the engine fuel supply relatively fast, detection may
pe set for activation in approximately 1.0 to 1.5 msec, to prevent overspeed of
the turbine and catastrophic damage to the engine 200. In addition the broken
shaft detection system should be resistant to false indications of shaft failures
to avoid aircraft in-flight shut down. In the herein described embodiment, the
detector assembly 22 may be mounted behind the stage 3 power turbine wheel
202 to detect power turbine rearward motion associated with a shaft breakage
event. The detector assembly 22 may be attached by bolts 36 to the engine
near bearing holder 204. A plunger 30 may be positioned behind a plunger
cover 32 to minimize exposure to the turbine environment. The plunger 30 may

be positioned against the link 24 assembly such that rearward motion of the
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plunger 30 breaks the link 24 thereby indicating the broken shaft event. The
wire pairs 26, 28 (one pair illustrated) may each be carried in connecting tubes
34 to be routed to the ECU 50. The use of a plunger 30 and link 24 allows
minimization of components that must be located in the harsh turbine
S environment as compared to existing systems. |
[0025] It should be understood, of course, that the foregoing relates to
preferred embodiments of the invention and that modifications may be made
without departing from the spirit and scope of the invention as set forth in the

following claims.
10
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CLAIMS:

1. A system for detecting a broken shaft for use with gas turbine engines (200) to detect
axial shaft motion comprising:

a broken shaft detection (20) element with a detector assembly (22) having a plunger (30)
adjacent a link (24), wherein said plunger (30) may be axially displaced by a force thereby
breaking said link (24);

an electronic control unit (50) in electrical communication with said link (24), wherein
said electronic control unit (50) comprising a first detection and test element (52) connected to
said link (24) by a first pair of parallel wires (26, 28) and a second pair of parallel wires (26, 28)
with a first wire (26) of each pair of parallel wires attached to a first end of said link (24) and a
second wire (28) of each pair of parallel wires attached to a second end of said link (24);

said first detection and test element (52) in electrical communication with a first output
circuit (80) that controls a shut off switch (100) wherein said shut off switch (100) may apply
power to activate a shut off valve (110) external to said electronic control unit (50); and

an electric power source in communication with said first detection and test element (52).

2. The system as in claim 1 wherein each wire (26, 28) of said first pair of parallel wires and
said second pair of parallel wires is routed through an opto-isolated switch (54) in said electronic

control unit (50) and said opto-isolated switches (54) are controlled by a central processing umt

(56).

3. The system as in any one or more of claims 1 - 2 wherein said first pair of paralle]l wires
(26, 28) are split to form said second pair of paralle]l wires (26, 28), said second pair of parallel

wires routed to a second detection and test element (52) in communication with said electric

power source.
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4, The system as in any one or more of claims 1 - 3, further comprising a second output

circuit (80) that controls said shut off switch (100) and in electrical communication with said

second detection and test element (52).

5. The system as in any one or more of claims 1 — 4, said detection and test elements (52)
comprising:

a pair of voltage comparators (40) connected between said two sets of said pair of parallel
wires (24, 26);

a pair of dual voltage comparators (42) connected between cach wire of said pair of
parallel wires (24, 26),

a current monitor (45, 46) and power monitor (47, 48) connected to measure current and

power levels; and
a voltage leakage element (49) connected to measure isolation from ground.

6. The system as in any one or more of claims 1 - S wherein said detector assembly (22) 1s
mounted in a gas turbine engine (200) downstream of a third stage power turbine wheel (202)
attached to a rear bearing holder (204).

7. The system as in any one or more of claims 1 - 6 wherein said plunger (30) is enclosed in

a plunger cover (32).
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8. A method for detecting a broken shaft in a gas turbine engine (200), comprising the steps
of:

mounting a detector assembly (22) downstream of a power turbine wheel (202) of the gas
turbine engine (200);

positioning a plunger (30) of said detector assembly (22) to be axially displaced when
said power turbine wheel (202) experiences rearward axial motion,

breaking a single link (24) when said plunger (30) is axially displaced in said detector
assembly (22) which link (24) is necessary for continuity in a detection and test element (52);

sensing the event of breaking of said link (24) in said detection and test element (52);

communicating the event of breaking to an output circuit (80) for activation of a shut off
switch (100); and

applying electric power by activation of said shut off switch (100) to a shut off valve
(110) to halt fuel flow to the gas turbine engine (200).
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