PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 7 : (11) International Publication Number: WO 00/33012
A2

F41G 3/00 (43) International Publication Date: 8 June 2000 (08.06.00)

(21) International Application Number: PCT/US99/26882 | (81) Designated States: IL, JP, European patent (AT, BE, CH, CY,

(22) International Filing Date: 11 November 1999 (11.11.99)

(30) Priority Data:

09/190,954 Us

12 November 1998 (12.11.98)

(71) Applicant: RAYTHEON COMPANY [US/US]; EO/E1/E150,
P.O. Box 902, El Segundo, CA 90245-0902 (US).

(72) Inventors: AHMAD, Anees; 5751 N. Kolb Road #4102,
Tucson, AZ 85750 (US). ARNDT, Thomas, D.; 2155 W.
Dove Way, Amado, AZ 85645 (US).

(74) Agents: COLLINS, David, W.; Suite 125B, 75 West Calle De
Las Tiendas, Green Valley, AZ 85614 (US) et al.

DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT,
SE).

Published
Without international search report and to be republished
upon receipt of that report.

(54) Title: LINE OF SIGHT POINTING MECHANISM FOR SENSORS

44~| 58 22
| 52 ,
50 -
=\
32 Ason4/
: I EFE=N
76\ E M=l <
) IPT ] v\
0 :
I
1 55 % ‘.5'8 A —

(57) Abstract

A missile (20) includes a fuselage (24) with a roll axis (42) and a nod axis (44) perpendicular to the roll axis (42), and a conformal
window (32) mounted to a forward—facing end of the fuselage (24). There are a sensor system (34) with a field of regard through the
window (32) and a line of sight (36), and a sensor system pointing mechanism affixed to the airframe and upon which the sensor system
(34) is supported. The sensor system pointing mechanism includes a gimbal structure (41) having a first degree of rotational freedom about
the roll axis (42) and a second degree of rotational freedom about the nod axis (44), and a linear translational mechanism (50) connected to
the sensor system (34). The linear translational mechanism (50) is operable to translate the sensor system (34) away from the window (32)
with increasing angular deviation of the line of sight (36) of the sensor system (34) from the roll axis (42). Preferably, the translational

mechanism (50) is a slider—crank mechanism.




AL
AM
AT
AU
AZ
BA
BB
BE
BF
BG
BJ
BR
BY
CA
CF
CG
CH
CI
M
CN
CU
Ccz
DE
DK
EE

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT.

Albania ES Spain LS Lesotho SI Slovenia
Armenia FI Finland LT Lithuania SK Slovakia
Austria FR France LU Luxembourg SN Senegal
Australia GA Gabon LV Latvia SZ Swaziland
Azerbaijan GB United Kingdom MC Monaco TD Chad

Bosnia and Herzegovina GE Georgia MD Republic of Moldova TG Togo
Barbados GH Ghana MG Madagascar TJ Tajikistan
Belgium GN Guinea MK The former Yugoslav ™ Turkmenistan
Burkina Faso GR Greece Republic of Macedonia TR Turkey
Builgaria HU Hungary ML Mali TT Trinidad and Tobago
Benin IE Ireland MN Mongolia UA Ukraine
Brazil 1L Tsrael MR Mauritania UG Uganda
Belarus IS Tceland MW Malawi Us United States of America
Canada IT Ttaly MX Mexico UZ Uzbekistan
Central African Republic JP Japan NE Niger VN Viet Nam
Congo KE Kenya NL Netherlands YU Yugoslavia
Switzerland KG Kyrgyzstan NO Norway w Zimbabwe
Cdte d’Ivoire KP Democratic People’s NZ New Zealand

Cameroon Republic of Korea PL Poland

China KR Republic of Korea PT Portugal

Cuba KZ Kazakstan RO Romania

Czech Republic ILC Saint Lucia RU Russian Federation

Germany LI Liechtenstein SD Sudan

Denmark LK Sri Lanka SE Sweden

Estonia LR Liberia SG Singapore




10

15

20

25

30

WO 00/33012 PCT/US99/26882

LINE OF SIGHT POINTING MECHANISM FOR SENSORS

BACKGROUND OF THE INVENTION

This invention relates to sensors used in flight vehicles, and,
more particularly, to a pointing mechanism for sensors used with

conformal windows.

Optical sensors are used in aircraft and missile applications to
receive radiated energy from a scene and convert it to an electrical
signal. The electrical signal is provided to a display or further proc-
essed for pattern recognition or the like. The optical sensor and its
related optical train, termed a sensor system, are usually packaged in
an elongated housing. The sensor may be pivotably mounted within
the airframe to allow the optical sensor to be pointed toward subjects
of interest.

The sensor system is rather fragile and is easily damaged by
dirt, erosion, chemicals, or high air velocity. The sensor system is
therefore placed behind a window through which the sensor views the
scene and which protects the sensor system from such external
agents. The window must be transparent to the radiation of the oper-
ating wavelength of the sensor, resist attack from the external forces,
and minimally distort the image received by the sensor. The window

must also permit the sensor to view the scene over the specified field



10

15

20

25

30

WO 00/33012 PCT/US99/26882

of regard, which is the specified angular extent over which the sensor
must be able to view the scene.

For many applications such as low-speed aircraft and helicop-
ters, the window may be spherical in shape, with the sensor pivot
point placed at the center of the sphere to minimize line-of-sight-
dependent distortion of the image. However, in higher speed aircraft
and missiles the spherical window is unsatisfactory, as it induces a
great deal of aerodynamic drag that reduces the maximum speed and
range of the vehicle. An elongated, relatively narrow window, termed a
conformal window, is therefore preferred for use in high-speed appli-
cations to reduce the aerodynamic drag.

The elongated telescope of the sensor system may easily fit
within the elongated conformal window when the line of sight of the
sensor system lies parallel or nearly parallel to the direction of elon-
gation of the conformal window. If the telescope is pivoted so that the
line of sight points at a greater angle to the direction of elongation of
the conformal window, the telescope of the sensor system may contact
against the inside surface of the window and prevent further move-
ment. One design approach to increasing the allowable pointing angle
is to make the elongated telescope of the sensor system and its optics
smaller in diameter, but this design variation reduces the aperture
size and thence the energy-gathering capability of the sensor system.

There is a need for an improved approach to sensor systems
used with conformal windows, which allows the sensor system to be
pointed to large line-of-sight pointing angles within the spatial enve-
lope of a conformal window. The present invention fulfills this need,

and further provides related advantages.

SUMMARY OF THE INVENTION

The present invention provides a flight vehicle, either a manned

vehicle or an unmanned missile, with a sensor system protected by a
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window such as a conformal window. A pointing mechanism points
the sensor system to a desired line-of-sight angle. The pointing
mechanism of the invention allows the sensor system to be pivoted to
large line-of-sight pointing angles within the available spatial envelope
of the conformal window than possible with prior pointing mecha-
nisms. Little weight is added to the structure with the present point-
ing mechanism, and the size of the optical aperture of the sensor sys-
tem need not be reduced. Large-aperture sensor systems may there-
fore be used with conformal windows and pointed to large line-of-sight
pointing angles to provide the sensor system with a high field of re-
gard.

In accordance with the invention, a flight vehicle such as a
high-speed missile comprises an airframe, a window mounted to the
airframe, a sensor system with a field of regard through the window,
and a sensor system pointing mechanism supported on the airframe.
The sensor system pointing mechanism includes a gimbal structure
upon which the sensor system is supported and having at least one
rotational degree of movement, and a translational mechanism oper-
able to linearly translate the sensor system in a controllable manner.

In a preferred application, the window is a forward-facing, gen-
erally conical or ogival, elongated conformal window that narrows to a
closed, pointed forward end and has a relatively large rear end that
attaches to the airframe. When the sensor system is pointed forward
with a zero or small line-of-sight pointing angle relative to the axis of
elongation of the conformal window, the sensor system is positioned
as far forwardly as it can reach without contacting the closed end of
the window. As the sensor system is pivoted to increasing line-of-
sight pointing angles, the sensor system is linearly translated rear-
wardly into the relatively larger-diameter portion of the conformal
window, so that there is more room to accomplish the pivoting to a
large angular deviation from the axis of elongation of the conformal

window.
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Any operable mechanical device may be used to provide the
combination of rotational and linear movements. Preferably, the
pointing mechanism comprises a slider-crank-type mechanism. There
is a pin support on one part of the sensor system and the transla-
tional mechanism, and a slot on the other part of the sensor system
and the translational mechanism, with the pin support being engaged
to the slot. A pivoting drive link extends between the sensor system
and the translational mechanism at a position remote from the en-
gagement of the pin support and the slot, whereby rotation of the
drive link rotates the sensor system relative to the translational
mechanism and also linearly translates the pin support in the slot.
The dimensions and linkage lengths of the pointing mechanism may
be selected as necessary for various sizes and shapes of the sensor
system and the window.

A single motor is operably connected to the pivoting drive link to
cause it to rotate, thence providing both the rotation and linear
movements. The use of a single motor, rather than two motors (one
for translation and one for rotation), is an important advantage of the
present invention. The use of a single motor reduces weight, power
consumption, and the number of wires that must extend between the
stationary airframe and the movable gimbal, and has lower cost. An
angular measuring device, such as a resolver or a potentiometer con-
nected to the motor axis, provides feedback data to control the degree
of angular deviation.

The present approach allows the sensor system to be optimally
positioned for small pointing angles and for larger pointing angles as
well, so that the sensor system may have a large field of regard and
good optical performance. Other features and advantages of the pres-
ent invention will be apparent from the following more detailed de-
scription of the preferred embodiment, taken in conjunction with the

accompanying drawings, which illustrate, by way of example, the
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principles of the invention. The scope of the invention is not, however,

limited to this preferred embodiment.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1A is an elevational view of an unmanned missile, and
Figure 1B is an elevational view of a manned aircraft;

Figure 2 is a schematic sectional view of the conformal window
and sensor system positioned in relation to the conformal window for
two lines of sight;

Figures 3A-3C are views of a first embodiment of the approach
of the invention, wherein Figure 3A is a top view, Figure 3B is a side
view with the sensor system pointed at a O degree line of sight nod an-
gle, and Figure 3C is a side view with the sensor system pointed at a
35 degree line of sight nod angle;

Figures 4A-4C are views of a second embodiment of the ap-
proach of the invention, wherein Figure 4A is a top view, Figure 4B is
a side view with the sensor system pointed at a O degree line of sight
nod angle, and Figure 4C is a side view with the sensor system
pointed at a 35 degree line of sight nod angle; and

Figures SA-5C are views of a third embodiment of the approach
of the invention, wherein Figure 5A is a top view, Figure 5B is a side
view with the sensor system pointed at a O degree line of sight nod an-
gle, and Figure 5C is a side view with the sensor system pointed at a

35 degree line of sight nod angle.

DETAILED DESCRIPTION OF THE INVENTION

The present invention is preferably utilized in conjunction with
a sensor system used on a flight vehicle such as an unmanned missile
20 of Figure 1A. The missile 20 has an airframe 22, including in this

case a fuselage 24, tail fins 26, and guidance fins 28. A rocket motor
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30 is positioned in a tail of the fuselage 24. At a forward end of the
fuselage 24 and supported on the airframe 22 is a forward-facing win-
dow 32 through which a sensor system views an external scene. In
this case, the window 32 is a conformal window having an ogival
shape, but which could also be conical or other non-spherical shape.
Figure 1B illustrates a manned aircraft 20' having similar elements,
including a fuselage 24, a tail 26', wings 28', a jet engine 30', and a
forward-facing conformal window 32'. The preferred application of the
present invention is on the missile 20, and the following discussion
will be directed toward such a missile. The invention is not limited to
the illustrated missile 20, but is equally applicable to the aircraft 20,
other missiles, and other operable structures.

Figure 2 depicts an interior view of the nose of the missile 20,
with a gimbaled sensor system 34 schematically shown and illustrat-
ing a problem encountered in the conventional approach. The sensor
system 34 may be of any operable type, such as a visible-light sensor
or an infrared sensor, with appropriate optical elements. Such sensor
systems are known in the art.

When the line of sight 36 of the sensor system 34 is pointed di-
rectly forwardly as indicated at 34a and 36a, it fits easily within the
available spatial envelope of the conformal window 32. However,
when the sensor system is pivoted about its pivot point 38 so that its
line of sight 36b is pointed at a sufficiently great nod angle A (illus-
trated as about 25 degrees), the sensor system 34b contacts the inside
surface of the conformal window 32 and cannot pivot to greater nod
angles. The maximum nod angle A could be increased by making the
sensor system 34 of smaller diameter, but that solution would reduce
the light-gathering capability of its optics (i.e., a smaller optical aper-
ture).

In many cases, system specifications require a greater maxi-
mum nod angle A, on the order of about 35 degrees or so, without in-

creasing the axial length of the missile compartment that is available
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for containing the sensor system 34. With the conventional approach
illustrated in Figure 2, either the maximum nod angle A cannot be in-
creased to the desired value, or the optical aperture of the sensor
system must be reduced. The present invention provides a mechani-
cal structure that allows a greater nod angle without reduction of the
aperture.

Figures 3-5 illustrate three embodiments of the present inven-
tion, and the following discussion is generally applicable to all three
embodiments except where otherwise indicated. The same terminol-
ogy and reference numerals will be applied to the three embodiments.
The views presented for the three embodiments are the same, with the
-A view being a top view, the -B view being a side view with a zero nod
angle, and the -C view being a side view with the sensor system ro-
tated to a nod angle of about 35 degrees.

The sensor system 34 includes a telescope assembly 40, which
contains the optics (lenses and/or mirrors) that gather and focus opti-
cal energy, and a sensor which receives the optical energy and con-
verts it to electrical signals. The telescope assembly 40 is mounted to
a "roll/yaw" type gimbal 41 having two degrees of freedom, which
permits the telescope assembly 40 to rotate about a roll axis 42 and
also about a nod axis 44. The roll axis 42 in this case of the forwardly
facing sensor system 34 is coincident with a longitudinal axis 46 of
the fuselage 24. These two degrees of rotational freedom permit the
telescope assembly 40 to be pointed in any generally forwardly facing
direction up to the maximum nod angle A. The "roll/yaw" gimbal is
illustrated, but the present approach is equally applicable to other
types of gimbal structures such as those which rotate about x and y
transverse axes.

A translational mechanism 50 is provided to linearly translate
the telescope assembly 40 of the sensor system 34 in a controllable
manner between a first location and a second location along the roll

axis 42. This linear translation of a portion of the sensor system 34
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between different locations along the roll axis 42 is to be distinguished
from rotational movement of a portion of the sensor system 34 about
the roll axis 42 and the nod axis 44. The linear translation is per-
formed to move the telescope assembly 40 rearwardly as the nod angle
A increases. That is, the telescope assembly 40 is in its forwardmost
position when the line of sight is directly forward (nod angle A of zero),
and moves rearwardly as the line of sight angle deviation (increasing
nod angle) from the roll axis 44 (and thence longitudinal axis 46) in-
creases.

The translational mechanism is preferably of the slider-crank
type. That is, a rotational element causes the telescope assembly 40
to rotate about the nod axis 44 under command, and a mechanical
constraint simultaneously allows the telescope assembly 40 to trans-
late linearly with a linear component parallel to the roll axis 42. With
increasing nod angle A, the telescope assembly 40 moves linearly
rearwardly, and with decreasing nod angle A, the telescope assembly
40 moves linearly forwardly. These movements allow the telescope as-
sembly 40 to pivot to greater nod angles A in the same length of avail-
able fuselage, than possible without the linear rearward movement.
This type of a mechanism may be implemented in a number of em-
bodiments, three of which are discussed next. However, it is to be
understood that a key feature of the invention lies in the fact of the
linear translation occurring in a controlled manner simultaneously
with the nodding rotation, not in the specific mechanical structure
utilized to accomplish the simultaneous movement.

In the embodiment of Figures 3A-C, a pin 52 extends outwardly
on each side of the telescope assembly. Each of the two pins 52 en-
gages a slot 54 in a stationary housing 55 of the translational mecha-
nism 50. A drive link 56 is pivotably connected to the telescope as-
sembly 40 at a location remote from the pins 52, and a single motor
58 having a motor axis provides rotational movement to the drive link

56. Figure 3B illustrates in side view the sensor system 34 and the
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translational mechanism 50 when the nod angle A is zero. As the
drive link 56 is rotated by the motor 58, clockwise in Figure 3C, the
telescope assembly 40 rotates in the opposite direction, counterclock-
wise in Figure 3C, to an increasing nod angle A. This angular motion
is measured by an angular measurement device 59 connected to the
motor axis, such as a resolver or potentiometer, whose output is used
as a control signal for the motor 58 to establish the magnitude of the
degree of rotation of the motor axis. At the same time, the pins 52 are
drawn rearwardly in the slots 54, thereby linearly translating the tele-
scope assembly 40 rearwardly, as a comparison of the position of the
pins 52 in the stationary slots 54 of Figures 3B and 3C shows. This
rearward movement of the telescope assembly 40 allows the rearward
end of the telescope assembly 40 to move into and utilize what other-
wise would be unused space at the sides of the rearward end of the
available compartment 60, while also allowing the forward end of the
telescope assembly 40 to pivot to a larger nod angle A than possible in
the absence of such rearward movement. The available field of regard
of the sensor system 34 is therefore larger than would otherwise be
the case. This movement is equivalent to a slider-crank mechanism
with fixed link lengths.

In the embodiment of Figures 4A-4C, the guide pins 62 extend
inwardly from a pivotable telescope housing 64, and the slot 66 is in
the telescope assembly 40. A drive link 68 is rotationally driven by a
motor 70 having a motor axis. Rotation of the drive link 68 by the
motor 70 causes the telescope assembly 40 to rotate and simultane-
ously translate linearly rearwardly, as seen by comparing the position
of the pins 62 in the slot 66 in Figures 4B and 4C. This angular mo-
tion is measured by the angular measurement device 59 connected to
the motor axis, such as a resolver or potentiometer, whose output is
used as a control signal for the motor 70 to establish the magnitude of
the degree of rotation of the motor axis. This movement is equivalent

to a slider-crank mechanism that has a fixed base length but a cou-
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pler link whose length varies to draw the telescope assembly 40 rear-
wardly with increasing rotation.

In the embodiment of Figures 5A-5C, a motor 72 having a motor
axis is integral with the telescope assembly 40, and the guide pins 74
extend outwardly from the motor 72. The nod axis 44 is the same as
the axis of rotation of the motor 72. The guide pins 74 engage respec-
tive slots 76 in a stationary housing 78. The motor 72 is coupled to
the stationary housing 78 by a link 80 of fixed length. As the motor
72 rotates the telescope assembly 40 to increasing nod angle A, as
seen in Figures 5B and 5C, the motor force reacts through the link 80
to draw the telescope assembly 40 rearwardly under the constraint of
the guide pins 74 sliding in the slots 76. This angular motion is
measured by the angular measurement device 59 connected to the
motor axis, such as a resolver or potentiometer, whose output is used
as a control signal for the motor 72 to establish the magnitude of the
degree of rotation of the motor axis. As in the embodiments of Figures
3 and 4, the telescope assembly 40 of the sensor system 34 more effi-
ciently utilizes the available space in the compartment, allowing piv-
oting of the telescope assembly 40 to a greater nod angle A than would
otherwise be the case.

Although a particular embodiment of the invention has been de-
scribed in detail for purposes of illustration, various modifications and
enhancements may be made without departing from the spirit and
scope of the invention. Accordingly, the invention is not to be limited

except as by the appended claims.
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CLAIMS

What is claimed is:

1. A flight vehicle (20), comprising;:
an airframe (22);
a window (32) mounted to the airframe (22);
a sensor system (34) with a field of regard through the window
(32); and
a sensor system pointing mechanism supported on the airframe
(22) and comprising
a gimbal structure (41) upon which the sensor system (34)
is supported and having at least one rotational degree of movement,
and
a translational mechanism (50) operable to linearly

translate the sensor system (34) in a controllable manner.

2. The flight vehicle (20) of claim 1, wherein the flight vehicle

is an unmanned missile (20).

3. The flight vehicle (20) of claim 1, wherein the flight vehicle

is a manned aircraft (20).

4. The flight vehicle (20) of claim 1, wherein the airframe (22)
comprises a fuselage (24), wherein the window (32) is affixed to the fu-
selage (24), and wherein the sensor system (34) and pointing mecha-

nism are located within the fuselage (24).

5. The flight vehicle (20) of claim 1, wherein the sensor sys-

tem (34) comprises an optical sensor.
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6. The flight vehicle (20) of claim 1, wherein the translational

mechanism (50) comprises a slider-crank mechanism.

7. The flight vehicle (20) of claim 1, wherein the sensor sys-
tem pointing mechanism includes

a pin support (52) on one of the sensor system (34) and the
translational mechanism (50),

a slot (54) on the other of the sensor system (34) and the trans-
lational mechanism (50), the pin support (52) being engaged to the
slot (54),

a pivoting drive link (56) extending between the sensor system
(34) and the translational mechanism (50) at a position remote from
the engagement of the pin support (52) and the slot (54), whereby ro-
tation of the drive link (56) rotates the sensor system (34) relative to
the translational mechanism (50) and also linearly translates the pin
support (52) in the slot (54),

a motor (58) having a motor axis and operably connected to the
pivoting drive link (56) to cause it to rotate, and

an angular measurement device (59) connected to the motor

axis to measure a degree of rotation of the motor axis.

8. The flight vehicle (20) of claim 1, wherein the gimbal
structure (41) has a first degree of rotational freedom about a roll axis
(42) and a second degree of rotational freedom about a nod axis (44)
lying perpendicular to the roll axis (42), and wherein the translational
mechanism (50) is operable to linearly translate the sensor system
(34) between a first location and a second location along the roll axis

(42).

9. The flight vehicle (20) of claim 8, wherein the airframe (22)
includes a fuselage (24) with a fuselage axis of elongation (46),

wherein the window (32) is mounted to a forward end of the fuselage
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(24), and wherein the roll axis (42) of the gimbal structure (41) coin-

cides with the fuselage axis of elongation (46).

10. The flight vehicle (20) of claim 9, wherein the translational
mechanism (50) is operable to move the sensor system (34) away from
the window (32) with increasing angular deviation of the line of sight

of the sensor system (34) from the roll axis (42).
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