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(54) Rotor thrust measurements using fiber optic sensors

(57) A system and method use an optical strain
gage (10) to measure engine bearing thrust. Reflecting
surfaces, or mirrors (12, 14), encapsulated in a housing
(16), are separated by an initial gap (18). An incoming
fiber (17) receives light from an interferometer (26) and
transmits the light to the reflecting surfaces (12, 14),

which then reflect the light back to the interferometer
(26). An engine load is introduced to a bearing element
(20) bonded to the housing (16), and the rotor thrust into
the bearing element (20) causes a change in the initial
gap (18). An increase in the initial gap (18) indicates ten-
sion and a decrease in the initial gap (18) indicates com-
pression.
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Description

[0001] The present invention relates to gas turbine
engines and, more particularly, to measurement of rotor
thrust on gas turbine engines.
[0002] Historically, the measurement of rotor thrust on
gas turbine engines has been accomplished by the ap-
plication of electrical resistance strain gages to an en-
gine bearing housing or bearing race. The electrical out-
put of the strain gage system is proportional to the bear-
ing housing deflection imposed by the rotor thrust load-
ing. Unfortunately, this electrical resistance strain gage
technology of the existing art encounters several prob-
lems and limitations.
[0003] One problem encountered in the prior art is that
the strain gage indicated output is dependent upon its
temperature environment at any thrust load, thus induc-
ing errors into the measurement. In addition, the strain
gages are subject to mechanical fatigue failure and,
thus, loss of signal. A third problem is that the strain gag-
es are subject to electrical magnetic interference or oth-
er induced electrical noise, thus inducing errors into the
thrust load measurement. Also, the strain gages are
subject to hookup wiring configuration errors, resulting
in a reversal of the indicated rotor thrust direction, mean-
ing that the forward and aft thrust directions can be in-
dicated incorrectly, unknowingly by the observer. A fifth
problem encountered in the prior art is that the strain
gages are not an absolute measurement, as they re-
quire an electrical tare balance and other thermal com-
pensations. Furthermore, the required length of the
strain gage extension leads contain a resistive load, pro-
ducing a voltage drop from the strain gage sensor to the
remote data readout system, and thereby producing an
error in the thrust measurement. Yet another problem is
that the temperature of the strain gage extension leads
are subjected to various temperature gradients internal-
ly in the engine. This temperature change in the exten-
sion leads produces a change in the extension lead re-
sistance, in turn producing an error in the thrust meas-
urement. Finally, the electrical resistance strain gage
possesses a calibration constant known as the gage
factor. This constant is defined as the unit change of
electrical resistance of the strain gage for a given strain
input. This gage factor also varies as a function of tem-
perature and can produce an error in the indicated thrust
measurement.
[0004] It is seen, therefore, that it would be desirable
to have an improved rotor thrust measurement appara-
tus and method which overcomes the problems encoun-
tered by the strain gages historically used to measure
rotor thrust.
[0005] The present invention provides a rotor thrust
measurement and balance control system without the
use of a traditional strain gage, thereby eliminating er-
rors and problems consequent to the use of such a strain
gage in rotor measurement applications.
[0006] In accordance with one aspect of the present

invention, a system and method use an optical strain
gage to measure engine bearing thrust. Reflecting sur-
faces, or mirrors, encapsulated in a housing, are sepa-
rated by an initial gap. An incoming fiber receives light
from an interferometer and transmits the light to the re-
flecting surfaces, which then reflect the light back to the
interferometer. An engine load is introduced into a bear-
ing that transfers the engine load to the optical strain
gage to cause the change in the initial optical gap. The
bearing is either stretched or compressed, and transfers
the load through the adhesive to the optical strain gage.
An increase in the initial gap indicates tension and a de-
crease in the initial gap indicates compression.
[0007] Embodiments of the invention will now be de-
scribed, by way of example, with reference to the ac-
companying drawings, in which:
[0008] Fig. 1 is a schematic block diagram of an opti-
cal strain gage rotor thrust measurement system, in ac-
cordance with the present invention.
[0009] The present invention proposes using a fiber
optic sensor to measure engine rotor thrust.
[0010] Referring now to Fig. 1, the fiber optic strain
gage 10 comprises two reflecting surfaces, or mirrors,
12 and 14 which are encapsulated in a micro-tube 16,
and an incoming fiber 17. Light comes through the fiber
from a signal box, such as a Fabry-Perot Interferometer
(FPI) 26, and goes through mirror 14 to mirror 12, where
it is reflected back through mirror 14, which is semi-
transparent. Hence, the light is reflected back to the
interferometer 26 from the mirrors 12 and 14, and the
box 26 measures the interference. An increase in the
gap between the mirrors, as interpreted by box 26, indi-
cates tension; and a decrease in the gap between the
mirrors 12, as interpreted by box 26, indicates compres-
sion.
[0011] The space or optical gap 18 separating the mir-
rors 12 is defined as a cavity length L. When bonded to
bearing housing 20 using any suitable means such as
an adhesive 22, the strain from the rotor thrust is in-
duced into the bearing housing 20. Typically, a thin ad-
hesive line or layer is introduced below the micro-tube
and above the bearing, and then adhesive 22 covers the
structure for protection. The strain is transferred into the
optical strain gage as a cavity length 18 change. Arrows
23 represent the bearing housing load in a compression
state; in a state of tension, the arrows would necessarily
point outward, in the opposite direction. When the cavity
in the optical strain increases in length, the rotor thrust
load is in tension; and when the cavity length decreases,
the rotor thrust load is in compression. This change in
cavity length as compared to the original gage length 24
can then be defined as the indicated strain level, and is
measured at box 26. Light reflected in the FPI is wave-
length modulated in response to the cavity length and
any change in the cavity length. In accordance with the
present invention, the optical strain gage 10 can detect
changes in the cavity length in nanometers resolution.
[0012] In a preferred embodiment of the present in-
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vention, the optical strain gage is designed to be ther-
mally self compensating. This feature can be achieved
by constructing the strain gage so that reflecting surfac-
es 12 is made of a metallic fiber similar to the bearing
housing parent material. Then, if the optical strain gage
is submitted to a thermal cycle, the expansion or con-
traction will thermally match that of the parent bearing
housing material.
[0013] In a further preferred embodiment of the
present invention, the optical strain gage does not have
a metallic grid, as is found in an electrical resistance
strain gage. Since the metallic grid in the electrical strain
gages of the existing art are subject to fatigue type fail-
ures from alternating strain cycles, the elimination of this
grid in the gage of the present invention provides an ad-
vantage. Instead, the primary component of the optical
strain gage is the glass tube 16 in which the reflecting
mirrors 12 and 14 are encapsulated.
[0014] It is a further advantage of the present inven-
tion that the optical strain gage, being an optical device,
is completely insensitive to EMI or any other type of elec-
trical interference. Furthermore, the optical strain gage,
being an optical device and not an electrical resistive
device, means that the strain gage of the present inven-
tion is not sensitive to lead length losses. The optical
strain gage being an optical device with glass fibers
transmitting light makes the gage insensitive to lead
temperature in the engine environment. Finally, the op-
tical strain gage, being an optical device, does not have
a "gage factor" calibration constant which varies as a
function of temperature. The optical strain gage only
measures the mechanical change of the cavity length
which only varies as a function of the rotor thrust load
input. The optical strain gage, in accordance with the
present invention, comprises a single readout and con-
nector, so that it is not possible to connect the optical
strain gage to the readout device and measure the thrust
load in the undesired reverse direction. The optical
strain gage is an absolute type measurement. The only
variable that will affect the output of this optical strain
gage is a mechanical deflection of the gage cavity in-
duced by rotor thrust force into the bearing housing. The
system can be disconnected at any time and reconnect-
ed with out any tare adjustments, calibrations or other
compensations. With the optical strain gage of the
present invention, the measurement of the direction of
rotor thrust load is always absolute.
[0015] The optical strain gage has the ability to meas-
ure the cavity length to a very high resolution, typically
0.001 micrometers, resulting in a high accuracy rotor
thrust measurement. The optical strain gage of the
present invention further has the ability to measure the
actual deflection of the parent bearing housing with a
resolution of nanometers, thus providing an additional
piece of engineering information about the engine bear-
ing.
[0016] While the principles of the invention have now
been made clear in an illustrative embodiment, there will

become obvious to those skilled in the art many modifi-
cations in structure, arrangement, and components
used in the practice of the invention and otherwise which
are particularly adapted for specific operating require-
ments without departing from those principles. For ex-
ample, one alternative that may be considered is to use
the optical strain gage to measure other critical dynamic
operating parameters of the engine bearing. Using the
sensor in the dynamic mode, the bearing ball passing
frequency or slip rate could also be monitored by the
customer, providing valuable engineering information to
more accurately predict engine bearing life. Additionally,
an optical sensor constructed in accordance with the
present invention can be configured to measure temper-
ature and provide thermal engineering data about the
bearing to the customer. Furthermore, te application of
multiple optical strain gages could be incorporated with
an optical switching device to interrogate mul-tiple opti-
cal sensors on a single bearing housing or other instru-
mented bearings throughout the engine, which would
provide enhanced rotor thrust or other bearing load in-
formation to the user. Finally, the optical strain gage re-
adout device could be incorporated into a customer rotor
thrust measurement and control device for setting vari-
ous engine operating parameters, such as bleed sched-
ules, power settings, vbv schedules, A4 area, and cavity
pressures.
[0017] The present invention proposes a novel use of
an optical strain gage, specifically, to measure the inter-
ference between two waves. When the cavity in the op-
tical strain increases, the rotor thrust load is in tension;
and when the cavity decreases, the rotor thrust load is
in compression. This change in cavity length as com-
pared to the original gage length is used to measure ro-
tor thrust on a gas turbine engine.

Claims

1. A system (10) for measuring engine rotor thrust
comprising:

first and second reflecting surfaces (12, 14) en-
capsulated in a housing (16), the first and sec-
ond reflecting surfaces (12, 14) being separat-
ed by an initial gap (18);
an incoming fiber (17) for transmitting light to
the first and second reflecting surfaces (12, 14);
a bearing element (20) bonded to the housing
(16);
means for introducing an engine load into the
bearing element (20), the rotor thrust into the
bearing element causing a change in the initial
gap (18); and
a means for interpreting the change in the initial
gap (18), whereby an increase in the initial gap
(18) indicates tension and a decrease in the in-
itial gap (18) indicates compression.
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2. A system as claimed in claim 1 wherein the means
for interpreting the change in the initial gap (18)
comprises an interferometer (26).

3. A system as claimed in claim 2 wherein the incom-
ing fiber (17) further comprises an incoming fiber for
receiving light from the interferometer (26).

4. A system as claimed in claim 1 wherein the means
for introducing an engine load into the bearing ele-
ment (20) further comprises means for introducing
a rotor thrust into the bearing.

5. A system as claimed in claim 1 wherein the first and
second reflecting surfaces comprise mirrors (12,
14).

6. A system as claimed in claim 1 further comprising
a thin adhesive layer between the housing (16) and
the bearing element (20).

7. A system as claimed in claim 6 further comprising
an adhesive protective layer (22) around the hous-
ing (16), the bearing element (20) and the thin ad-
hesive layer.

8. A system as claimed in claim 1 wherein the system
(10) comprises a thermally self-compensating sys-
tem.

9. A system as claimed in claim 1 wherein the housing
comprises a glass tube (16).

10. A method for measuring engine rotor thrust com-
prising the steps of:

providing first and second reflecting surfaces
(12, 14), the first and second reflecting surfaces
being separated by an initial gap (18);
encapsulating the first and second reflecting
surfaces (12, 14) in a housing (16);
transmitting light to the first and second reflect-
ing surfaces (12, 14);
bonding a bearing element (20) to the housing
(16);
introducing an engine load into the bearing el-
ement (16), the rotor thrust into the bearing el-
ement (16) causing a change in the initial gap
(18); and
interpreting the change in the initial gap (18),
whereby an increase in the initial gap indicates
tension and a decrease in the initial gap indi-
cates compression.
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