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Description

[0001] The invention described herein was made in
the performance of work under NASA Contract No.
NAS5-30800 and is subject to the provisions of Section
305 of the National Aeronautics and Space Act of 1958
(72 Stat. 435; 42 USC 2457).

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present invention relates to spacecraft in-
strumentation. More specifically, the present invention
relates to systems and techniques for monitoring the tem-
perature of scan mirrors used in connection with space-
craft instruments.

Description of the Related Art

[0003] Scan mirrors are often used in spacecraft to re-
direct energy received by the craft from a surface to an
onboard sensor. The sensor is typically part of an instru-
ment which generates data from the sensor readings.
The data is stored, processed onboard and/or transmit-
ted to earth for processing.
[0004] Some spacecraft components rotate for stabi-
lization, scanning or other purposes. Scan mirrors on
spacecraft in orbit around planetary and astral bodies
near the sun experience temperature variations during
rotation due to the effects of solar radiation and deep
space. This causes distortions in images reflected by the
mirror. Accurate knowledge of the mirror temperature is
of paramount importance in calibrating data generated
by the instrument under such circumstances.
[0005] An alternate approach for detecting the temper-
ature of the mirror involves the location of a temperature
sensor on the scanning mirror. This is only practical when
the mirror oscillates instead of rotates as the extraction
of electrical signals from the sensor is not possible in as
much as any wires would experience a considerable
amount of stress due to the scanning motion of the mirror.
[0006] Patent Abstract of Japan, vol. 011, no. 395, 24
December 1987 (JP 62160417) discloses a laser beam
scanner which comprises a rotary polyhedral mirror
which deflects a beam to a photosensitive drum. The
rotary polyhedral mirror is built in an optical deflector.
The temperature of the deflector is detected by a ther-
mistor in order to control the operation of a refrigerating
element. This element serves to cool the mirror as to
prevent any deformation due to temperature variations.
[0007] Patent Abstract of Japan, vol. 006, no. 198, 7
October 1982 (JP 57106975) discloses a picture data
processing circuit which comprises an oscillating mirror.
In order to carry out temperature compensation, a tem-
perature sensor is held stationary near the oscillating mir-
ror.
[0008] Patent Abstract of Japan, vol. 096, no. 011, 29

November 1956 (JP 08178689) discloses an earth sen-
sor which is loaded on an artificial satellite. The disclosed
system further comprises a scanning mirror and a tem-
perature sensor, which provides temperature data of the
scanning mirror surface. This data is then processed by
a temperature control device.
[0009] Patent Abstract of Japan, vol. 011, no. 037, 4
February 1987 (JP 61207935) discloses a solid-state im-
age pickup device comprising a rotary polygon mirror and
a photodetecting element array for detecting a tempera-
ture radiation of a black body surface of the polygon mir-
ror.
[0010] To circumvent the aforementioned problem, a
radio transmitter has been used with the temperature
sensor. However, this approach is costly, may impede
the operation of the mirror and the radio signal may in-
terfere with one or more of the instruments or other sys-
tems located on the spacecraft.
[0011] Hence, a need remains in the art for a low cost,
effective system and/or technique for accurately meas-
uring the temperature of a scanning mirror without inter-
fering with the operation of the mirror or other instruments
and systems on the spacecraft.

SUMMARY OF THE INVENTION

[0012] The need in the art is addressed by the remote
temperature sensing system of the present invention.
The inventive system is adapted for use with a scanning
mirror and comprises a sensor which is maintained a
predetermined nonzero distance from the scanning mir-
ror. The sensor detects heat radiated by the mirror and
provides a signal indicative thereof
[0013] In the illustrative implementation, the system in-
cludes a thermistor mounted within a housing. The hous-
ing is contoured to maximize the receipt of thermal energy
thereby. A mounting assembly maintains the thermistor
in close proximity (e.g., one-tenth of an inch) to the scan-
ning mirror. The invention includes a shroud mounted on
the mirror for shielding the thermistor and a support tube
connected to the thermistor housing on a first end and
to a base on the second end thereof. The support tube
is adapted to remain stationary within the shroud as the
scanning mirror and the shroud rotate due to the scanning
of the mirror. Wires are connected to the thermistor on a
first end thereof and are wrapped around the support
tube. The wires include a specific length of electrically
conductive material, such as Manganin, having a resis-
tivity which has a low sensitivity to temperature variations
thereby enhancing overall system accuracy. The sensor
output is processed in a conventional manner to provide
an output indicative of the temperature of the mirror.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014]

Fig. 1 is a simplified diagram of a scanning mirror
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arrangement incorporating the remote temperature
sensing system of the present invention.
Fig. 2 is a magnified perspective view of a portion of
the arrangement of Fig. 1 showing the scan mirror
tilted and the remote temperature sensing system of
the present invention in relation thereto.
Fig. 3 is an elevated side view of the remote temper-
ature sensing system of the present invention de-
picted without the shroud for clarity.
Fig. 4 is a sectional side view of the remote temper-
ature sensing system taken along the line A-A of Fig.
3.
Figs. 5 is a top view of the thermistor assembly of
the remote temperature sensing system of the
present invention.
Fig. 6 is a sectional view of the plate and thermistor
housing of the remote temperature sensing system
of the present invention taken along the line B-B of
Fig. 5.
Fig. 7 is a magnified view of a section of the plate
and thermistor housing of the remote temperature
sensing system of Fig. 6.
Fig. 8 is a bottom perspective (isometric) view of the
thermistor housing of the remote temperature sens-
ing system of the present invention.
Fig. 9 is a top perspective (isometric) view showing
the plate of the remote temperature sensing system
of the present invention.
Fig. 10 is a top view of the plate of the remote tem-
perature sensing system of the present invention.
Fig. 11 is a bottom view of the thermistor housing of
the remote sensing system of the present invention.
Fig. 12 is a sectional view of the thermistor housing
of the remote sensing system of the present inven-
tion taken along the line B-B of Fig. 10.
Fig. 13 is a sectional view of the thermistor housing
of the remote sensing system of the present inven-
tion taken along the line A-A of Fig. 10.
Fig. 14 is a magnified view of the upper portion of
the thermistor housing depicted in Fig. 13.
Fig. 15 is a sectional bottom view of the thermistor
housing of the remote sensing system of the present
invention taken along the line D-D of Fig. 12.
Fig. 16 is a perspective view of the support tube of
the thermistor assembly of the remote temperature
sensing system of the present invention.
Fig. 17 is a bottom view of the base of the support
tube showing terminals therein.
Fig. 18 is a block diagram of an illustrative electrical
system utilizing the remote temperature sensing sys-
tem of the present invention.

DESCRIPTION OF THE INVENTION

[0015] Illustrative embodiments and exemplary appli-
cations will now be described with reference to the ac-
companying drawings to disclose the advantageous
teachings of the present invention.

[0016] While the present invention is described herein
with reference to illustrative embodiments for particular
applications, it should be understood that the invention
is not limited thereto. Those having ordinary skill in the
art and access to the teachings provided herein will rec-
ognize additional modifications, applications, and em-
bodiments within the scope thereof and additional fields
in which the present invention would be of significant util-
ity.
[0017] Fig. 1 is a simplified diagram of a scanning mir-
ror arrangement incorporating the remote temperature
sensing system of the present invention. As shown in
Fig. 1, the arrangement 1 includes a mirror housing 3
which is conventionally implemented as a container con-
structed of metal, plastic or other suitable material. The
mirror 7 is disposed within the housing 3. The mirror 7 is
an oblong section of Beryllium with a reflective surface
on both sides. Typical dimensions for a spacecraft scan-
ning mirror are 22" x 8" x 2" in length, width and depth,
respectively. A conventional motor 9 is mounted on one
side of the mirror 7 at the axis of rotation thereof. The
motor 9 is secured to a left wall of the housing 3 and to
the mirror 7. Diametrically opposed to the motor 9, at the
axis of rotation of the mirror 7, is the inventive remote
temperature sensing system 10 of the present invention.
The system 10 is rigidly secured to a right wall of the
housing 3 on one end and maintains a heat sensor a
predetermined nonzero distance from the mirror 7 on the
other. In the illustrative embodiment, the predetermined
nonzero distance is 1/10 of an inch.
[0018] Fig. 2 is a magnified perspective view of a por-
tion of the arrangement of Fig. 1 showing the scan mirror
tilted and the remote temperature sensing system of the
present invention in relation thereto. As shown in Fig. 2,
the system 10 includes a shroud 12 attached to the side
11 of the mirror 7. The shroud 12 is a cylinder of aluminum
or other suitable thermally conductive material. The
shroud is bolted to the mirror 7 and serves to protect a
heat sensor, disposed therein, from stray thermal radia-
tion. As discussed more fully below, the system 10 in-
cludes a heat sensor which is maintained a predeter-
mined nonzero distance from the scan mirror 7 by an
assembly 14 which mounts, at the base thereof, to a pan-
el in a side of the housing 3. The shroud cover is not
shown to reveal the manner by which the assembly 14
engages the shroud 12.
[0019] Fig. 3 is an elevated side view of the remote
temperature sensing system of the present invention de-
picted without the shroud for clarity. Fig. 4 is a sectional
side view of the remote temperature sensing system tak-
en along the line A-A of Fig. 3. As shown in Figs. 3 and
4, the assembly 14 has an upper portion 16 and a lower
portion 18 connected by the support tube 15. The upper
portion 16 includes a thermistor housing 20 and an end
plate 22 disposed above the shroud cover 24. The mount-
ing of thermistors within the thermistor housing 20 is best
illustrated with respect to Figs. 5 - 15 below.
[0020] Figs. 5 is a top view of the assembly 14 of the
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remote temperature sensing system of the present in-
vention. Fig. 6 is a sectional view of the plate and ther-
mistor housing of the remote temperature sensing sys-
tem of the present invention taken along the line B-B of
Fig. 5. Fig. 7 is a magnified view of a section of the plate
and thermistor housing of the remote temperature sens-
ing system of Fig. 6. As illustrated in Figs. 5 - 7, the plate
22 has a plurality of concentric, annular grooves 23 ther-
eon on the surface which faces the scan mirror 7. In the
illustrative embodiment, the grooves 23 are cut at 40°
angles and serve to increase the surface area and there-
by maximize the efficient reception of thermal energy ra-
diated from the mirror 7.
[0021] The thermistor housing 20 is disposed on the
back side of the plate 22 and integral therewith. The hous-
ing 20 and plate 22 are constructed of aluminum or other
suitably thermally conductive material. As illustrated in
Fig. 6, the thermistor housing 20 is adapted to retain two
thermistors 26 and 28. The thermistors 26 and 28 are
bonded into the housing with a suitable thermally con-
ductive adhesive.
[0022] The thermistors 26 and 28 are of conventional
design and construction and may be selected to suit a
particular application and purchased from a number of
companies such as Yellow Springs Inc. [deletion(s)] In
the preferred embodiment, two thermistors are used.
However, those skilled in the art will appreciate that the
invention is not limited to the number of thermistors. In-
deed, the number and nature of the thermal sensors may
be varied without departing from the scope of the present
teachings.
[0023] As shown in Fig. 6 and the magnified view of
Fig. 7, each thermistor 26 and 28 is connected to two of
the terminals 30 - 33 (31 and 33 not shown) by leads 34
- 37 (35 and 37 not shown. In the preferred embodiment,
the terminals 30 - 33 are commercially available micro-
terminals. [deletion(s)]
[0024] Fig. 8 is a bottom perspective (isometric) view
of the thermistor housing of the remote temperature
sensing system of the present invention.
[0025] Fig. 9 is a top perspective (isometric) view
showing the plate of the remote temperature sensing sys-
tem of the present invention.
[0026] Fig. 10 is a top view of the plate 22 of the remote
temperature sensing system of the present invention.
[0027] Fig. 11 is a bottom view of the thermistor hous-
ing 20 of the remote sensing system of the present in-
vention.
[0028] Fig. 12 is a sectional view of the thermistor
housing of the remote sensing system of the present in-
vention taken along the line B-B of Fig. 10.
[0029] Fig. 13 is a sectional view of the thermistor
housing of the remote sensing system of the present in-
vention taken along the line A-A of Fig. 10.
[0030] Fig. 14 is a magnified view of the upper portion
of the thermistor housing depicted in Fig. 13.
[0031] Fig. 15 is a sectional bottom view of the ther-
mistor housing of the remote sensing system of the

present invention taken along the line D-D of Fig. 12.
[0032] As depicted in Figs. 8 - 15, the thermistor hous-
ing 20 includes first and second semi-circular sections
38 and 40 which house the thermistors 26 and 28 of Fig.
6. As best illustrated in Fig. 15, the first section 38 has
plural recesses 42, 44 and 46. The second section 40
has recesses 48, 50 and 52. The recesses 44 and 50
serve to retain the thermistors while the recesses 42, 46,
48 and 52 serve to captivate the terminals 30-33. This is
done by providing an area in which the insulated portion
of the terminal, in this case teflon, can cold flow in the
recesses 42, 46, 48 and 52 after insertion into 56, 60.
The apertures 54, 56, 58 and 60 serve to receive the
terminals 30 - 33 (not shown).
[0033] In the preferred embodiment, the plate 22 is
1/10th of an inch thick. Hence, the thermistors 26 and 28
are retained a predetermined nonzero distance from the
mirror 7 to maximize the effectiveness thereof in sensing
heat radiated by the mirror 7. The thermistor housing 20
is bonded to the support tube 15 with a suitable structural
adhesive.
[0034] Returning to Fig. 3, a resistance measurement
is taken from the thermistors 26 and 28 via wires 61 - 64
each of which is connected to a respective terminal 30 -
33. In the preferred embodiment, the wires 61 - 64 are
strands of a conductive material, such as Manganin,
which has a resistivity with a low sensitivity to tempera-
ture variations. The wires are wrapped around the sup-
port tube 15 as illustrated in Fig. 3. A layer of insulation
17 is wrapped around the support tube to protect against
stray thermal radiation. The insulator 17 may be polyester
or other suitable material separated by layers of reflective
polyester mesh which further isolates each reflective in-
sulator.
[0035] Fig. 16 is a perspective view of the support tube
of the thermistor assembly of the remote temperature
sensing system of the present invention. As shown in
Fig. 16, the support tube 15 includes an elongate tube
or cylinder 72 and a generally circular base 74. In the
preferred embodiment, the support tube 15 is fabricated
with a polycarbonate polymer construction such as Lex-
antm which is a poor thermal conductor. The tube 72 may
be sectional or a single unitary segment. The upper por-
tion of the tube 72 seats in the thermistor housing 20 as
depicted in Figs. 4, 6 and 7. Returning to Fig. 16, channels
75 - 78 are provided in a dome shaped transition section
77 of the base 74. As illustrated in Fig. 4, the channels
75 - 78 allow the wires 61 - 64 to feed through the base
74 and connect with terminals 80 - 86 (even numbers
only with 86 not shown in Fig. 4) which seat in the un-
derside thereof.
[0036] Fig. 17 is a bottom view of the base 74 of the
support tube 15 showing the terminals 80 - 86. Wires 88
- 94 (even numbers only) connect to the terminals 80 -
86, respectively. The wires are disposed within a sheath
96 which is terminated with a connector 98.
[0037] Fig. 18 is a block diagram of an illustrative elec-
trical system utilizing the remote temperature sensing
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system of the present invention. As shown in Fig. 18, the
system 100 includes the scanning mirror 7 which radiates
heat to the remote temperature sensing system 10 of the
present invention. The output of the sensing system 10
is used by an instrument 102 for calibration. After cali-
bration, energy reflected by the mirror (shown dashed)
is received by a detector 104. The output of the detector
104 is received by the instrument 102 and adjusted for
the temperature of the mirror 7 as necessary. The scan
of the mirror 7 is controlled by a spacecraft controller 106
via the motor 9. The output of the instrument 104 is input
to a spacecraft controller 106 for transmission to a ground
station.
[0038] Thus, the present invention has been described
herein with reference to a particular embodiment for a
particular application. Those having ordinary skill in the
art and access to the present teachings will recognize
additional modifications applications and embodiments
within the scope thereof, as defined by the appended
claims.

Claims

1. A remote temperature sensing system (10) for a
scanning mirror, comprising:

a scanning mirror (7) being rotatably arranged
about a rotation axis, the temperature sensing
system (10) being located at the mirror’s axis of
rotation;
sensor means for sensing the temperature (26,
28) of said scanning mirror; and
further means (12, 20, 22) adapted to maintain
said sensor means (26, 28) a predetermined
nonzero distance from the scanning mirror (7)
so that the sensing of the temperature of the
scanning mirror (7) is facilitated, said further
means including a shroud (12) for shielding said
sensor means (26, 28) from stray thermal radi-
ation, the shroud being mounted on the mirror
(7) for being rotatable relative to said sensor
means (26, 28).

2. The system of Claim 1, characterized in that the
first means is a thermistor (26, 28).

3. The system of Claim 1, characterized in that the
thermistor (26, 28) is mounted within the shroud (12).

4. The system of Claim 3, characterized by a housing
(20) within which the thermistor (26, 28) is mounted.

5. The system of Claim 4, characterized in that the
housing (20) is mounted within the shroud (12).

6. The system of Claim 5, characterized in that the
housing (20) has a surface (22) contoured to facili-

tate the receipt of thermal energy thereby.

7. The system of Claim 6, characterized in that the
surface (22) has a plurality of grooves (23) therein.

8. The system of Claim 2, characterized by wires
(61-64) connected to the thermistor (26, 28) on a first
end thereof, wherein the wires (61-64) include a
length of electrically conductive material having a
resistivity which has a low sensitivity to temperature
variations.

9. A method for remotely sensing the temperature of a
scanning mirror including the steps of:

providing a temperature sensor (26, 28) at a pre-
determined nonzero distance of a one-tenth of
an inch (0.254 cm) from said scanning mirror
(7), said temperature sensor (26, 28) being part
of a remote temperature sensing system (10)
located at said mirror’s axis of rotation to facili-
tate the sensing of the temperature of said scan-
ning mirror (7) by detecting heat radiated there-
by,
providing a shroud (12) which is mounted on
said scanning mirror for shielding said temper-
ature sensor (26, 28) and being rotatable relative
to said temperature sensor, and
processing electrical signals received from said
temperature sensor (26, 28) to ascertain the
temperature of said scanning mirror (7).

Patentansprüche

1. Temperatur-Fernmesssystem (10) für einen Abtast-
spiegel, mit:

einem Abtastspiegel (7), der um eine Drehachse
drehbar angeordnet ist, wobei das Temperatur-
Messsystem (10) an der Drehachse des Spie-
gels angeordnet ist,
einem Sensormittel zum Erfassen der Tempe-
ratur (26, 28) des Abtastspiegels; und
einem weiteren Mittel (12, 20, 22), das ange-
passt ist, um das Sensormittel (26, 28) in einem
vorbestimmten Abstand, der ungleich Null ist,
von dem Abtastspiegel (7) zu halten, so dass
das Erfassen der Temperatur des Abtastspie-
gels (7) erleichtert wird, wobei das weitere Mittel
eine Hülle (12) aufweist, um das Sensormittel
gegenüber thermischer Streustrahlung abzu-
schirmen, wobei die Hülle auf dem Spiegel (7)
befestigt ist, um relativ zu dem Sensormittel (26,
28) drehbar zu sein.

2. System nach Anspruch 1, dadurch gekennzeich-
net, dass das erste Mittel ein Thermistor (26, 28) ist.
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3. System nach Anspruch 1, dadurch gekennzeich-
net, dass der Thermistor (26, 28) innerhalb der Hülle
(12) befestigt ist.

4. System nach Anspruch 3, gekennzeichnet durch
ein Gehäuse (20), innerhalb dem der Thermistor (26,
28) befestigt ist.

5. System nach Anspruch 4, dadurch gekennzeich-
net, dass das Gehäuse (20) innerhalb der Hülle (12)
befestigt ist.

6. System nach Anspruch 5, dadurch gekennzeich-
net, dass das Gehäuse (20) eine Fläche (22) besitzt,
die eine Kontur hat, um dadurch die Aufnahme der
thermischen Energie zu erleichtern.

7. System nach Anspruch 6, dadurch gekennzeich-
net, dass die Fläche (22) eine Vielzahl von Nuten
(23) aufweist.

8. System nach Anspruch 2, gekennzeichnet durch
Leitungen (61-64), die mit einem ersten Ende des
Thermistors (26, 28) verbunden sind, wobei die Lei-
tungen (61-64) eine Länge eines elektrisch leitfähi-
gen Materials mit einem Widerstand aufweisen, der
eine geringe Empfindlichkeit gegenüber Tempera-
turschwankungen besitzt.

9. Verfahren zum entfernten Messen der Temperatur
eines Abtastspiegels, mit den Schritten:

Bereitstellen eines Temperatursensors (26, 28)
an einem vorbestimmten Abstand, der nicht Null
ist, eines Zehntelinches (0,254 cm) von dem Ab-
tastspiegel (7) entfernt, wobei der Temperatur-
sensor (26, 28) Teil eines Temperatur-Fern-
messsystems (10) ist, das an der Drehachse
des Spiegels platziert ist, um das Erfassen der
Temperatur des Abtastspiegels (7) durch Erfas-
sen der abgestrahlten Wärme zu erleichtern,
Bereitstellen einer Hülle (12), die auf dem Ab-
tastspiegel befestigt ist, um den Temperatur-
sensor (26, 28) abzuschirmen und die relativ zu
dem Temperatursensor drehbar ist, und
Verarbeiten der elektrischen Signale, die von
dem Temperatursensor (26, 28) empfangen
werden, um die Temperatur des Abtastspiegels
(7) festzustellen.

Revendications

1. Système de détection de température à distance
(10) pour un miroir de balayage, comprenant :

un miroir de balayage (7) qui est agencé avec
possibilité de rotation autour d’un axe de rota-

tion, le système de détection de température
(10) étant situé au niveau de l’axe de rotation
du miroir,
un moyen de capteur destiné à détecter la tem-
pérature (26, 28) dudit miroir de balayage, et
un autre moyen (12, 20, 22) conçu pour main-
tenir ledit moyen de capteur (26, 28) à une dis-
tance non nulle prédéterminée du miroir de ba-
layage (7) de sorte que la détection de la tem-
pérature du miroir de balayage (7) soit facilitée,
ledit autre moyen comprenant une enveloppe
de protection (12) destinée à protéger ledit
moyen de capteur (26, 28) d’un rayonnement
thermique parasite, l’enveloppe de protection
étant montée sur le miroir (7) de façon à pouvoir
tourner par rapport audit moyen de capteur (26,
28).

2. Système selon la revendication 1, caractérisé en
ce que le premier moyen est une thermistance (26,
28).

3. Système selon la revendication 1, caractérisé en
ce que la thermistance (26, 28) est montée à l’inté-
rieur de l’enveloppe de protection (12).

4. Système selon la revendication 3, caractérisé par
un boîtier (20) à l’intérieur duquel est montée la ther-
mistance (26, 28).

5. Système selon la revendication 4, caractérisé en
ce que le boîtier (20) est monté à l’intérieur de l’en-
veloppe de protection (12).

6. Système selon la revendication 5, caractérisé en
ce que le boîtier (20) présente une surface (22) pro-
filée afin de faciliter la réception d’énergie thermique
par celle-ci.

7. Système selon la revendication 6, caractérisé en
ce que la surface (22) comporte une pluralité de rai-
nures (23) dans celle-ci.

8. Système selon la revendication 2, caractérisé par
des fils (61 à 64) reliés à la thermistance (26, 28) sur
une première extrémité de celle-ci, où les fils (61 à
64) comprennent une longueur de matériau électri-
quement conducteur présentant une résistivité qui a
une faible sensibilité aux variations de température.

9. Procédé de détection à distance de la température
d’un miroir de balayage comprenant les étapes con-
sistant à :

procurer un capteur de température (26, 28) à
une distance non nulle prédéterminée d’un
dixième de pouce (0,254 cm) dudit miroir de ba-
layage (7), ledit capteur de température (26, 28)
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faisant partie d’un système de détection de tem-
pérature à distance (10) situé au niveau de l’axe
de rotation dudit miroir pour faciliter la détection
de la température dudit miroir de balayage (7)
en détectant la chaleur rayonnée par celui-ci,
procurer une enveloppe de protection (12) qui
est montée sur ledit miroir de balayage pour pro-
téger ledit capteur de température (26, 28) et
qui peut tourner par rapport audit capteur de
température, et
traiter les signaux électriques reçus dudit cap-
teur de température (26, 28) pour s’assurer de
la température dudit miroir de balayage (7).
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