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(57) ABSTRACT 
Asensor for facilitating the measurement of temperature and 
magnetic ?eld is described. The sensor comprises an optical 
cable having a distal end encompassed in a sheath of giant 
magnetoresistive material. Temperature changes alter the 
spectrum emissivity of the giant magnetoresistive material. 
Magnetic ?eld changes alter the spectrum changes that occur 
from distorting the optical ?ber that occur When the giant 
magnetoresistive material distorts the optical ?ber. 
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AN ELECTRIC MOTOR 

STATEMENT OF GOVERNMENT INTEREST 

[0001] The invention described herein may be manufac 
tured and used by or for the Government of the United States 
of America for governmental purposes Without the payment 
of any royalties thereon or therefor. 

BACKGROUND OF THE INVENTION 

[0002] (1) Field of the Invention 

[0003] This invention generally relates to sensors useful in 
electric control circuits and more particularly to a sensor that 
can measure temperature and magnetic ?eld strength in an 
electric motor for facilitating motor control. 

[0004] (2) Description of the Prior Art 

[0005] Electric motors operate With diverse operating 
requirements, such as maximum ef?ciency, loW noise, high 
torque and minimum physical siZe. Prior art motor control 
systems operate electric motors according to one or more of 
these or other requirements in response to various param 
eters, such as Winding temperature. This particular param 
eter is important because it impacts the noise emanating 
from the motor. Moreover, as Winding temperature increases 
Winding resistance increases, so for a given voltage the 
magnetic ?eld for the motor is reduced. 

[0006] Stator temperature is another important parameter. 
Measuring stator operating temperature can provide an 
indication of operating ef?ciency. The simplest approach for 
monitoring stator temperature is to include a resistance 
temperature detector (RTD) or thermocouple (TC) in the 
Windings. Resistance temperature detectors (RTD) and ther 
mocouple sensors (TC) are inexpensive and easy to handle. 
HoWever, their outputs are subject to electrical noise. 
Another approach is to use infrared (IR) thermometry. 
Sensors incorporating this technology provide a signal that 
has a signi?cantly loWer noise component. HoWever, it has 
also been found that these systems are expensive and 
dif?cult to implement in a reliable manner often requiring 
constant monitoring of the sensor itself. 

[0007] Another suggested approach for measuring tem 
perature includes measuring temperature through emissivity 
measurements. US. Pat. No. 4,974,182 to Tank, for 
example, discloses one such method; US. Pat. No. 5,239, 
488 to Markham et al. discloses another implementation of 
an emissivity measurement. Although these sensors provide 
temperature measurements, their constructions are not con 
ducive to inclusion in an electric motor, particularly at 
locations embedded in stator laminations Which are optimal 
measurement locations. Moreover this apparatus provides 
only a temperature measurement. 

[0008] Conventional sensors for measuring magnetic 
?elds includes sense coils and Hall effect sensors. Sense 
coils are extremely reliable, require no external poWer and 
are easily understood. HoWever, they are only capable of 
measuring alternating magnetic ?elds. They also have a 
large siZe and Weight and the output signal has signi?cant 
noise. Hall effect transistors, on the other hand, are com 
paratively small and lightWeight. They are extremely reli 
able and measure both AC and DC ?elds. They require 
external poWer in the form a reference current in order to 
produce an output signal. 
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[0009] Some prior art references have proposed measuring 
both parameters. For example, US. Pat. No. 4,899,042 
(1990) to Falk et al. discloses an integrated optic ?eld sensor 
that includes an interferometer formed in a substrate. These 
integrated optical sensors measure electric, magnetic and 
temperature ?elds. The sensors are based upon stress-in 
duced, refractive index changes in a ?rst arm of a bridge. 
Electric and magnetic ?eld sensors are also disclosed based 
upon evanescent ?eld coupling betWeen the ?eld sensitive 
material and a ?rst arm. While this patent discloses a system 
for measuring different parameters, a separate sensor is 
required for each parameter. Moreover, the method of sens 
ing is to alter the path length. 

[0010] Other devices have been proposed for using optical 
techniques for measuring magnetic ?elds. These include 
US. Pat. No. 4,433,291 (1984) to Yariv that discloses an 
optical ?ber cable and magnetic ?eld detector magnetostric 
tively reactive to the presence of an external magnetic ?eld. 
A magnetotrictively responsive jacket disposed about the 
periphery of a ?ber optic core responds to magnetic ?elds 
and strains the core effecting the light transmission through 
the core. An interferometer detects the changes. US. Pat. 
No. 4,591,786 (1986) to Koo et al. discloses a ?beroptic 
magnetic radiometer With variable magnetic biasing ?elds 
for measuring AC and DC magnetic ?eld gradients. An 
optical interferometer includes magnetostrictive magnetic 
?eld sensing elements in each of the interferometer arms. 
US. Pat. No. 4,600,885 (1986) to Koo et al. discloses 
another ?beroptic magnetometer for detecting DC magnetic 
?elds in Which an AC magnetic ?eld of a knoWn frequency 
and constant amplitude is imposed such that the DC ?eld 
introduces a detectable phase shift. 

[0011] US. Pat. No. 4,622,460 (1986) to Failes et al. 
discloses a ?beroptic magnetic sensor With a thin Walled 
cylindrical barrel having an elastically radially deformable 
mid-section. A single mode optical ?ber is Wound about the 
mid-section of the barrel and a magnetostrictive element is 
located Within the center of the barrel. Field changes affect 
the length of the magnetostrictive element and consequently 
cause axial forces to be applied to the end of the barrel 
deforming the mid-portion and inducing a strain in the 
optical ?ber from Which the external magnetic ?eld strength 
may be deduced. 

[0012] US. Pat. No. 4,868,495 (1989) to EinZig et al. 
discloses a sensor With a single mode optical ?ber for 
detecting electrical currents or magnetic ?elds. A current 
transformer utiliZes a ?beroptic sensor and a phase modu 
lated single mode ?beroptic interferometer such that a 
magnetostrictive element measures magnetic ?elds. This 
element comprises a tubular element having a slot along its 
length to alloW the ingress and egress of a conductor, such 
as an electrical cable. 

[0013] Each of the foregoing references discloses one of a 
number of diverse approaches for measuring either magnetic 
?eld or temperature. HoWever, none of these references 
discloses a structure by Which a single sensor provides 
information from Which the values of both temperature and 
magnetic ?eld strength can be deduced. Consequently, mea 
surements of both require a duplication of the number of 
sensors. Such duplication increases volume and increases 
cost. Moreover many of the foregoing structures, particu 
larly for measuring magnetic ?eld, are not readily adapted 
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for use in motor control circuits wherein the optimal position 
location of such sensors is betWeen existing stator lamina 
tions in a motor. 

SUMMARY OF THE INVENTION 

[0014] Therefore it is an object of this invention to provide 
a sensor for generating information from Which temperature 
and magnetic ?eld strength can be deduced. 

[0015] Another object of this invention is to provide a 
single sensor from Which temperature and magnetic ?eld 
strength can be deduced and Which is compact and easy to 
use. 

[0016] Another object of this invention is to provide a 
single sensor for measuring temperature and magnetic ?eld 
for providing information from Which temperature and mag 
netic ?eld can be deduced and Which is adapted for con 
struction on a silicon chip for producing temperature and 
magnetic ?eld information signals that have a high signal 
to-noise ratio. 

[0017] In accordance With one aspect of this invention a 
sensor for measuring magnetic ?eld strength and the tem 
perature at a body includes a giant magnetoresistive sheath 
for contacting the body and Which is thus subjected to the 
magnetic ?eld and temperature at the body. The giant 
magnetoresistive sheath overlies an optical means for 
receiving energy emanating from the giant magnetoresistive 
structure. A ?rst processor connects to the optical means for 
generating a temperature signal indicative of the temperature 
at the body. A second processing means connects to the 
optical means for generating a magnetic ?eld strength signal 
indicative of the magnetic ?eld strength of the body. 

[0018] In accordance With another aspect of this invention 
an electric motor system comprises an electric motor having 
stator laminations, a motor control located remotely from 
the electric motor for controlling the energiZation of the 
electric motor in response to input signals and a cable 
interconnecting the motor control means and the motor. A 
sensor is located at each of at least one location in the stator 
laminations. Each sensor comprises giant magnetoresistive 
means for contacting the proXimate stator laminations 
thereby to be subjected to the magnetic ?eld and temperature 
of the proXimate stator laminations and an optical structure 
that contacts the giant magnetoresistive sheath for coupling 
energy emanating from the giant magnetoresistive material. 
A ?rst processing means connects to the optical means for 
generating a temperature signal indicative of the temperature 
at the stator laminations and a second processor generates a 
magnetic ?eld strength signal indicative of the magnetic 
?eld strength at the stator laminations in response to the 
energy from the optical means. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] The appended claims particularly point out and 
distinctly claim the subject matter of this invention. The 
various objects, advantages and novel features of this inven 
tion Will be more fully apparent from a reading of the 
folloWing detailed description in conjunction With the 
accompanying draWings in Which like reference numerals 
refer to like parts, and in Which: 

[0020] FIG. 1 is a diagram of an electric motor system 
constructed in accordance With this invention; 
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[0021] FIG. 2 is a detailed perspective vieW of a portion 
of the electric motor shoWn in FIG. 1 including one sensor 

location; 
[0022] FIG. 3 is a cross-section taken along lines 3-3 in 
FIG. 2; 

[0023] FIG. 4 is a cross-section taken along lines 4-4 in 
FIG. 2; 

[0024] FIG. 5 is a perspective vieW of an alternate version 
of a sensor constructed in accordance With the teachings of 
this invention; 

[0025] FIG. 6 is a cross-section vieW taken along lines 6-6 
in FIG. 5; 

[0026] FIG. 7 depicts one embodiment of an electric 
motor system constructed in accordance With this invention; 

[0027] FIG. 8 depicts another embodiment of an electric 
motor system constructed in accordance With the teachings 
of this invention; and 

[0028] FIG. 9 depicts yet another embodiment of an 
electric motor system incorporating this invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0029] FIG. 1 schematically depicts an electric motor 
system 20 that includes an electric motor 21 With an arma 
ture or rotor 22 and a stator 23. The stator 23 comprises a 
plurality of radial stator laminations 24 that carry a ?eld 
Winding 25. 

[0030] The electric motor system 20 also includes a motor 
control 26 that responds to auXiliary sensors and inputs 27 
for establishing the energiZation of the ?eld Winding 25 by 
a ?eld poWer supply 30. Typically the auXiliary sensors and 
inputs 27 Will receive signals representing motor speed or 
other operating parameters and operator provided input such 
as a speed set point. The general con?guration of the electric 
motor system 20 is Well knoWn in the art. FIG. 1 represents 
one speci?c electric motor system that can bene?t from this 
invention. It Will become apparent that other electric motor 
systems can also bene?t from this invention. 

[0031] In accordance With this invention an analyZer 31, 
that can be proXimate to or remote from the stator 24, 
generates a temperature (T) signal on a conductive path 32 
and a magnetic ?eld ((1)) signal on a conductive path 33. The 
motor control 26 uses these signals, in a conventional Way, 
to further control the ?eld poWer supply 30 or other com 
parable motor parameter circuit. 

[0032] The analyZer 31 in FIG. 1 receives signals from at 
least one sensor. FIG. 1 depicts three sensors 34, 35 and 36 
that, in this embodiment, are located betWeen adjacent 
laminations and eXtend radially With respect to a motor aXis 
37. In accordance With this invention each of the sensors 34, 
35 and 36 has the same construction and is capable of 
providing a signal from Which the temperature of the lami 
nations 24 and the magnetic ?eld in the laminations 24 can 
be determined. 

[0033] FIGS. 2 through 4 depict, as an enlarged detail, 
one embodiment of such a sensor 36 that is disposed 
betWeen adjacent laminations 40 and 41. The sensor 36 
comprises a sheath 42 that surrounds an optical ?ber 43. The 
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optical ?ber 43 can comprise a tWo-glass or three-glass ?ber 
and FIG. 3 particularly depicts a three-glass ?ber With a 
central light transmitting core 44, a concentric re?ecting 
layer 45 and a fusible cladding layer 46 all lying Within the 
sheath 42. An end portion 50 of the optical ?ber 47 is 
concentric With and coextensive With the end portion 50 of 
the optical ?ber 43, and the sheath 42 includes parallel Hats 
51 for abutting the adjacent stator laminations. 

[0034] In accordance With this invention the end portion 
50 comprises a “giant magnetoresistive” (GMR) material. 
We have found that temperature changes alter the spectral 
emissivity of the energy from the GMR material in a 
predictable fashion and that changes in the magnetic ?eld 
alter the transmission characteristics of the optical ?ber 
surrounded by the GMR material such that a spectrum of 
that light changes, also in a predictable manner. Moreover 
We have found that the effects of temperature and magnetic 
?eld changes are independent of each other at least to a ?rst 
order of magnitude. More speci?cally, We have found that 
the folloWing relationship exists betWeen temperature, T, 
and spectral emissivity of the GMR material: 

1 1 lns s l + (Al/A2) 

[0035] In this equation K1 and 22 represent tWo different 
Wavelengths of the energy emanating from said giant mag 
netoresistive material, 61 and 62 represent the spectral emis 
sivities at the tWo different Wavelengths, c represents the 
speed of light and TI is the ratio temperature of the surface. 
The ratio temperature (T) is the temperature of the GMR 
material as a ratio With respect to a reference temperature. 
Thus, monitoring and analyZing the spectral emissivity of 
the energy received in the optical ?ber provides information 
from Which conventional spectral emissivity analysis can 
produce a signal that accurately represents the temperature 
T. 

[0036] Magnetic ?eld variations alter the stress that the 
GMR material in the end portion 50 imposes on the coex 
tensive portions of the optical ?ber 43. The forces and the 
spectrum of the light vary according to: 

so i212 coil2 2 

[0037] Wherein where so is the insulation dielectric con 
stant for the giant magnetoresistive material, i is the current 
in the giant magnetoresistive material, 1 is the length of the 
embedded ?ber portion, r is the radius of the optical ?ber, o 
is the conductivity of the giant magnetoresistive material 
and A is the cross section of the interface betWeen the giant 
magnetoresistive material and the length of the optical ?ber 
subjected to the force F such as the surface of Hats 51. en 

[0038] Speci?cally, as the magnetic ?eld changes, the 
current, i, changes and alters the force that the sheath exerts 
on the optical ?ber 43. This alters the stresses over the length 
of the optical ?ber that is coextensive With the sheath 42 and 
changes the spectrum of the light passing through this 
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portion. As previously indicated, the analysis of such 
changes in the spectrum of the light is readily determined. 

[0039] Moreover, in accordance With equations (1) and (2) 
changes of the spectral emissivity are independent of 
changes in the magnetic ?eld and that the changes in the 
spectrum are independent of the changes in temperature at 
least to the ?rst order. Consequently, changes in temperature 
do not affect the magnetic ?eld reading. Conversely, changes 
in the magnetic ?eld do not affect the temperature reading. 

[0040] Any of a Wide variety of giant magnetorestrictive 
materials can form the sheath 42. Particularly suited mate 
rials include, but are not limited to the alloys: 

[0041] The embodiment at the distal end of the sensor 
shoWn in FIGS. 2 through 4 assumes that the changes in 
radiant energy inherently produced by the material under 
differing temperatures, With a suf?cient magnitude to enable 
accurate analysis. If the characteristic emissivity for a par 
ticular giant magnetorestrictive material is not suf?cient, an 
alternate sensor 60 can be incorporated as shoWn in FIGS. 
5 and 6. Sensor 60 has the same basic construction as that 
of sensor 36 in FIGS. 2 through 4 except for the inclusion 
of a ?rst optical ?ber 61 and a second optical ?ber 62 in the 
sheath 63 of GMR material. In this particular application the 
distal ends of the optical ?bers Would be remotely spaced 
from a proximate surface of the GMR material by at least 
tWo Wavelengths (according to Nyquist criteria) to enable 
radiant energy such as light in the visible spectrum, to re?ect 
from the GMR material back into the optical ?ber 62. As Will 
also be apparent, forces on the optical ?ber exerted by the 
GMR sheath 63 introduce spectrum changes in the coexten 
sive portions of both ?bers 61 and 62 so the additional 
optical ?ber length being de?ned Would have to be taken 
into account. In such a system, hoWever, the standard for the 
temperature ratio measurement could then be the tempera 
ture of the radiant energy supplied through the optical ?ber 
61. 

[0042] FIGS. 7 through 9 depict different implementa 
tions of electric motor systems such as the electric motor 
system 20 shoWn in FIG. 1 Wherein the motor 21 is 
physically separated from the motor control 26. Each of the 
embodiments in FIGS. 7 through 9 depicts a single sensor. 
It Will be apparent that multiple sensors could also be used 
in these embodiments. As shoWn in FIG. 1 the analysis 
Would combine the various signals to provide an appropriate 
temperature and magnetic ?eld pro?le. 

[0043] In FIG. 7 the sensors are located at the lamination 
as shoWn in FIG. 1 With the sensor 36 having attached and 
adjacent thereto an analyZer 64 including a spectral emis 
sivity analysis circuit 65 and a spectrum analysis circuit 66. 
Such analyZers are readily available as silicon chips and can 
be formed as an integral part of the sensor sheath and optical 
?ber Without increasing the siZe of the sensor package to any 
appreciable extent. In this particular embodiment an inter 
face 67 routes signals related to the temperature and mag 
netic ?eld through a conductive path in the form of a coaxial 
cable 70, such as a coaxial cable or plurality of coaxial 
cables. Another conductive path 71 transfers poWer from a 
poWer supply 72 in a remote circuit 73 through the interface 
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67 to energize the components in the analyzer 64. Thus, in 
this system a ?rst processing system in the form of a spectral 
emissivity analyzer 65 is located at the motor adjacent the 
GMR sheath and provides a signal indicative of temperature 
While a second processing system in the form of the spec 
trum analyzer 66 provides a signal indicative of the mag 
netic ?eld. As Will be apparent the conductive paths 70 and 
71 can be constituted by coaxial and tWisted pair connec 
tions combined in a hybrid cable that may also include the 
conductors for energizing the electric motor 21. 

[0044] FIG. 8 depicts another embodiment adapted for 
noisy environments in Which the signals are subject to 
signi?cant electrical noise degradation. In this particular 
embodiment the analyzer 64 With the spectral emissivity and 
the spectrum analyzers 65 and 66 connects an electro-optical 
converter 74 that modulates a light beam for transfer along 
an optical path 75 to an optical-to-electric converter 76 in the 
remote circuit 73. ApoWer supply 72 provides poWer to the 
analyzer 64 and electro-optical converter 74 through a 
conductive path 77. Consequently, in this particular version 
the signals from the analyzers 65 and 66 are converted into 
optical signals, that can transfer through an optical path 75 
in multiple optical channels of modest bandWidth or in a 
time-division-multiplexed mode to be received by the opti 
cal-to-electronic converter 76 thereby to provide tempera 
ture and magnetic ?eld signals for the motor controller 26. 
In this particular embodiment the interconnection betWeen 
the remote circuit 73 is a hybrid cable including the optical 
path 75 and electrically conductive path 77. 

[0045] FIG. 9 depicts a system that could be incorporated 
using the sensor of FIGS. 5 and 6. That is, the sensor 60 is 
located at the laminations and only the tWo ?bers 61 and 62 
Would be carried back to the remote circuit 73. In this 
particular remote circuit 73 a light source 80 provides the 
radiant energy through the optical path 61 and an analyzer 
81 comprising spectral emissivity and spectrum analyzers 
Would receive the light from the optical path 62 thereby to 
provide the temperature and magnetic ?eld measurements 
for the motor control 26. 

[0046] In summary, a sensor constructed in accordance 
With this invention includes an optical ?ber With a distal end 
portion located in a sheath of giant magnetoresistive mate 
rial that is subjected to a magnetic ?eld and temperature to 
be measured. Temperature changes alter the spectral emis 
sivity of radiant energy emanating from the material. Mag 
netic ?eld changes the force applied by the GMR material to 
the optical ?ber thereby to change the spectrum of energy 
passed through the ?ber to analysis equipment. The active 
sensor portion therefore can be constructed extremely reli 
ably and inexpensively. Analysis circuits for monitoring 
spectral emissivity and light spectrum are readily available 
and reliably implemented. As particularly evident from 
FIGS. 7 through 9 the sensor can be used in a Wide variety 
of environments particularly in motor control circuits Where 
the analysis equipment can be located at a motor or at a 
remote control circuit and the motor and the remote control 
circuit can be connected With a variety of conventional 
cables incorporating optical ?ber, coaxial cable and other 
cable for tWisted pair and the like cable for carrying poWer. 

[0047] As still other approaches could be utilized, for 
example, a cable having a single optical ?ber corresponding 
to the optical ?ber 61 could be used to convey light from a 
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light source to the sensor While an analyzer 64 and interface 
67 such as shoWn in FIG. 7 could be utilized to interpret the 
light from an optical ?ber like the optical ?ber 62 for 
purposes of generating signals representing temperature and 
magnetic ?eld on a conductive path in the form of a coaxial 
cable 70. 

[0048] This invention has been disclosed in terms of 
certain embodiments. It Will be apparent that many modi 
?cations can be made to the disclosed apparatus Without 
departing from the invention. Therefore, it is the intent of the 
appended claims to cover all such variations and modi?ca 
tions as come Within the true spirit and scope of this 
invention. 

What is claimed is: 

1. A sensor for measuring magnetic ?eld strength and 
temperature of a body comprising: 

giant magnetoresistive means for being subjected to the 
magnetic ?eld and temperature of the body; 

optical means in contact With said giant magnetoresistive 
means for coupling energy emanating therefrom; 

?rst processing means connected to said optical means for 
generating a temperature signal indicative of the tem 
perature of the body; and 

second processing means connected to said optical means 
for generating a magnetic ?eld strength signal indica 
tive of the magnetic ?eld strength in the body. 

2. A sensor as recited in claim 1 Wherein said second 
processing means includes means for measuring the spec 
trum of the energy received from said optical means. 

3. A sensor as recited in claim 2 Wherein said optical 
means includes an optical ?ber having a portion thereof 
embedded in said giant magnetoresistive material and 
Wherein the change in the spectrum of energy received from 
said optical means changes as a function of a force applied 
to said optical means according to: 

so i212 so il2 

where so is the insulation dielectric constant for the giant 
magnetoresistive material, i is the current in the giant 
magnetoresistive material, 1 is the length of the embed 
ded ?ber portion, r is the radius of the optical ?ber, o 
is the conductivity of the giant magnetoresistive mate 
rial and A is the cross section of the interface betWeen 
the giant magnetoresistive material and the and optical 
?ber subjected to the force Fer. 

4. A sensor as recited in claim 1 Wherein said ?rst 
processing means includes means for measuring the spec 
trum emissivity of the energy emanating from said giant 
magnetoresistive means. 

5. A sensor as recited in claim 4 Wherein said ?rst 
processing means establishes the temperature, T, of the body 
according to: 
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wherein K1 and )»2 represent tWo different Wavelengths of 
the energy emanating from said giant magnetoresistive 
material, 61 and 62 represent the spectral emissivities at 
the tWo different Wavelengths, c represents the speed of 
light and TI is the ratio temperature of the surface. 

6. A sensor as recited in claim 4 Wherein said second 
processing means includes means for measuring the spec 
trum of the energy received from said optical means. 

7. A sensor as recited in claim 6 Wherein said optical 
means includes an optical ?ber having a portion thereof 
embedded in said giant magnetoresistive material and 
Wherein the change in the spectrum of energy received from 
said optical means changes as a function of a force applied 
to said optical means according to: 

so i212 (soil2 

where so is the insulation dielectric constant for the giant 
magnetoresistive material, i is the current in the giant 
magnetoresistive material, 1 is the length of the embed 
ded ?ber portion, r is the radius of the optical ?ber, o 
is the conductivity of the giant magnetoresistive mate 
rial and A is the cross section of the interface betWeen 
the giant magnetoresistive material and the and optical 
?ber subjected to the force Fer. 

8. A sensor as recited in claim 6 Wherein said ?rst and 
second processing means are located proXimate said giant 
magnetoresistive material. 

9. A sensor as recited in claim 8 adapted for connection to 
remote circuit means for utiliZing the temperature and 
magnetic ?eld measurements Wherein said ?rst and second 
processing means generate the temperature and magnetic 
?eld strength signals in electrical form and Wherein said 
sensor additionally comprises electric signal conductive 
means for conveying the electrical signals and poWer signals 
betWeen said ?rst and second processing means and the 
remote circuit means. 

10. A sensor as recited in claim 8 adapted for connection 
to remote circuit means for utiliZing the temperature and 
magnetic ?eld measurements Wherein said ?rst and second 
processing means generate the temperature and magnetic 
?eld strength signals in electrical form and Wherein said 
sensor additionally comprises ?rst means for converting the 
electric signals from said ?rst and second processing means 
into optical forms for conveyance to optical-to-electrical 
conversion means at the remote circuit means and conduc 
tive means for conveying poWer signals from the remote 
circuit means to said ?rst and second processing means. 

11. A sensor as recited in claim 6 Wherein said optical 
means includes ?rst and second optical ?bers having por 
tions thereof embedded in said giant magnetoresistive mate 
rial, said ?rst optical ?ber being connected to a light source 
for conveying energy to a surface of said giant magnetore 
sistive material and said second optical ?ber conveying the 
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energy that re?ects from said giant magnetoresistive mate 
rial to said ?rst and second processing means. 

12. Asensor as recited in claim 11 adapted for connection 
to a remote circuit means for utiliZing the temperature and 
magnetic ?eld measurements and providing poWer to said 
sensor and Wherein said ?rst and second processing means 
are proXimate said sensor, said sensor additionally compris 
ing cable means for conveying the temperature and magnetic 
?eld strength signals and poWer to the remote circuit means 
to said ?rst and second processing means and a ?ber for 
conveying radiant energy from said remote circuit means to 
said sensor. 

13. Asensor as recited in claim 11 adapted for connection 
to a remote circuit means for utiliZing the temperature and 
electric ?eld measurements, providing poWer to said sensor 
and radiant energy for said sensor Wherein said ?rst and 
second processing means generate the temperature and 
magnetic ?eld strength signals in electrical form and 
Wherein said sensor additionally comprises cable means 
including optical and conductor means, said optical conduc 
tor means converting the electrical signals from said ?rst and 
second processing means into an optical form for convey 
ance to optical-to-electrical conversion means at the remote 
circuit means and said conductive conductor means convey 
ing poWer signals from the remote circuit means to said ?rst 
and second processing means and an optical ?ber for con 
veying radiant energy from the remote circuit means to said 
?rst optical ?ber in said optical means. 

14. Asensor as recited in claim 11 adapted for connection 
to remote circuit means that includes said ?rst and second 
processing means and the remote sensing means includes 
means for generating radiant energy, said sensor additionally 
comprising cable means including ?rst and second optical 
?bers for conveying light to and from said ?rst and second 
optical ?bers in said optical means. 

15. A electric motor system comprising: 

an electric motor having stator laminations; 

a plurality of sensors located at spaced locations in the 
stator laminations, each of said sensors comprising: 

giant magnetoresistive means for contacting said stator 
laminations thereby to be subjected to the magnetic 
?eld and temperature of said stator laminations; 

optical means in contact With said giant magnetoresistive 
means for coupling energy emanating therefrom; 

?rst processing means connected to said optical means for 
generating a temperature signal indicative of the tem 
perature of said stator laminations; 

second processing means connected to said optical means 
for generating a magnetic ?eld strength signal indica 
tive of the magnetic ?eld strength in said stator lami 
nations; 

motor control means located remotely from said electric 
motor for controlling the energiZation of said electric 
motor in response to the signals from said ?rst and 
second processing means; and 

cable means interconnecting said sensors and said motor 
control means. 

16. An electric motor system as recited in claim 15 
Wherein said ?rst processing means includes means for 
analyZing the spectral emissivity of the energy emanating 
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from said giant magnetoresistive means and wherein said 
second processing means includes means for analyzing the 
spectrum of the energy received from said optical means. 

17. An electric motor system as recited in claim 16 
Wherein said ?rst and second processing means are located 
at said remote control means and said cable means includes 
means for conveying the energy emanating from said giant 
magnetoresistive means to said ?rst and second processing 
means. 

18. An electric motor system as recited in claim 16 
Wherein said remote control means includes a poWer supply 
and Wherein said ?rst and second processing means are 
located at said electric motor proXimate said sensor means 
and said cable means includes electrical conductor means 
for coupling said poWer supply to said processing means. 

19. An electric motor system as recited in claim 18 
Wherein said motor control means additionally includes a 
poWer supply for providing poWer to each of said sensors 
and Wherein said ?rst and second processing means generate 
the temperature and magnetic ?eld strength signals in elec 
trical form, said cable means including ?rst electrical con 
ductor means for conveying poWer from said poWer supply 
to said ?rst and second processing means and signal con 
ductors for conveying poWer from said poWer supply to said 
?rst and second processing means. 

20. An electric motor system as recited in claim 18 
Wherein said motor control means additionally includes a 
poWer supply for providing poWer to said sensors and 
Wherein said ?rst and second processing means generate the 
temperature and magnetic ?eld strength signals in electrical 
form, said cable means including electrical-to-optical con 
version means for converting the electrical signals from said 
?rst and second processing means into an optical form for 
conveyance, said motor control means including optical-to 
electrical conversion means for converting the optical sig 
nals received from said sensors into electrical signals and 
said cable means additionally includes electrical conductors 
for conveying poWer from said motor control means to said 
?rst and second processing means. 

21. An electric motor system as recited in claim 16 
additionally comprising means at said motor control means 
for generating radiant energy, said optical means including 
?rst and second optical ?bers having portions thereof 
embedded in said giant magnetoresistive material, said ?rst 
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optical ?ber being connected to the radiant energy source for 
conveying radiant energy to a surface of said giant magne 
toresistive means proximate an end of said ?rst optical ?ber 
and said second optical ?ber conveying the energy that 
re?ects from said giant magnetoresistive means to said ?rst 
and second processing means. 

22. An electric motor system as recited in claim 21 
adapted for connection to a remote circuit means for utiliZ 
ing the temperature and magnetic ?eld measurements and 
providing poWer to said sensor and Wherein said ?rst and 
second processing means are proximate said sensor, said 
sensor additionally comprising cable means for conveying 
the temperature and magnetic ?eld strength signals and 
poWer to the remote circuit means to said ?rst and second 
processing means and a ?ber for conveying radiant energy 
from said remote circuit means to said sensor. 

23. An electric motor system as recited in claim 21 
adapted for connection to a remote circuit means for utiliZ 
ing the temperature and electric ?eld measurements, pro 
viding poWer to said sensor and radiant energy for said 
sensor Wherein said ?rst and second processing means 
generate the temperature and magnetic ?eld strength signals 
in electrical form and Wherein said sensor additionally 
comprises cable means including optical and conductor 
means, said optical conductor means converting the electri 
cal signals from said ?rst and second processing means into 
an optical form for conveyance to optical-to-electrical con 
version means at the remote circuit means and said conduc 
tive conductor means conveying poWer signals from the 
remote circuit means to said ?rst and second processing 
means and an optical ?ber for conveying radiant energy 
from the remote circuit means to said ?rst optical ?ber in 
said optical means. 

24. An electric motor system as recited in claim 21 
adapted for connection to remote circuit means that includes 
said ?rst and second processing means and the remote 
sensing means includes means for generating radiant energy, 
said sensor additionally comprising cable means including 
?rst and second optical ?bers for conveying light to and 
from said ?rst and second optical ?bers in said optical 
means. 


