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POINTABLE OPTICAL SYSTEM WITH COUDE OPTICS

HAVING A SHORT ON-GIMBAL PATH LENGTH

[0001] This invention relates to an optical system with a gimbaled telescope
and, more particularly, to a gimbal structure using a coude reflective optical

system to conduct the optical path between the gimbaled and non-gimbaled

optical components.

BACKGROUND OF THE INVENTION

[0002] In the design of an optical system with a gimbaled telescope, for

receiving light, transmitting light, or both, with a significant field of regard,
there must be an allocation of the optical functions between on-gimbal

components and off-gimbal components. The on-gimbal components are

pointed as the telescope points, whereas the off-gimbal components are not
pointed as the telescope points. If all of the optical components are mounted
on the gimbal structure, their large mass and size may require an unacceptably

large gimbal structure. Increasing the on-gimbal mass requires the use of a
stronger gimbal structure, larger bearings, and larger drive motors. Also, the
maximum slew rate of the gimbal is reduced. For some very large and heavy

optical components, such as high-power laser transmitters and cryogenically

cooled sensor receivers, it is impractical to mount these components on the

gimbal. They therefore must be mounted off-gimbal but to the structure to
which the gimbal structure is mounted, such as the airframe of an aircraft or the

non-gimbaled structure of a spacecraft.

[0003] Where at least some of the optical components are mounted off-gimbal,
additional optical components must be provided to conduct the beam path

between the components mounted on the gimbal and the components mounted
off the gimbal. These additional optical components must be geometrically
arranged to transmit the beam path continuously as the gimbaled structure is

pivoted about the x and y axes.

[0004] One such approach is an arrangement of mirrors termed coude optics.

The coude optics typically directs the beam path along the axis of rotation of



the gimbal axes, to avoid nutation of the beam path about the inner and outer

gimbal pivots. Existing approaches to coude optics work well for astronomical

applications, where the field of view of the optical system is relatively small.

However, a larger field of view and field of regard is normally required for

surveillance and other applications. The available coude optics is much less

successful for these applications requiring a larger field of view. The result is a

tendency to place more of the optical components onto the gimbal structure

than would otherwise be desirable from the standpoint of the mechanics of the
gimbal structure.

[0005] Accordingly, there is a need for an improved approach to

communicating the beam path between the on-gimbal and the off-gimbal

components, particularly for optical systems requiring a larger field of view

and larger field of regard. The present invention fulfills this need, and further

provides related advantages.

SUMMARY OF THE INVENTION

[0006] The present invention provides a coude gimbal structure incorporating

coude optics tailored to permit a wide-field-of-view beam path to be

communicated between the on-gimbal and the off-gimbal optical components.
The approach may be used for beam-transmitting optical devices (e.g., laser

transmitting devices) beam-receiving optical devices (e.g., sensor and

surveillance systems), or devices that have both transmitting and receiving

capabilities. The present coude optics design has a short on-gimbal optical

path length, limiting the amount of beam spreading that occurs. Consequently,

a wider field of view than possible with other coude optical systems is practical

with the present approach. Although the primary application is in ultraviolet,

visible, or infrared light optical systems, the present approach is more generally

applicable, for example for use with signals in other portions of the

electromagnetic spectrum, such as radio frequency signals.

[0007] In accordance with the invention, a coude gimbal structure comprises a

two-axis x-y gimbal system including an outer gimbal pivotable about a first

rotational axis, and an inner gimbal supported on the outer gimbal and

pivotable about a second rotational axis which is perpendicular to the first



rotational axis and which intersects the first rotational axis at an intersection

point. The coude gimbal structure further includes a folded afocal three-mirror

anastigmat having a positive-optical-power primary mirror, a negative-optical-

power secondary mirror, and a positive-optical-power tertiary mirror, a first flat

fold mirror, and a second flat fold mirror. The primary mirror and the

secondary mirror lie substantially on a third axis passing through the

intersection point and lying perpendicular to the first rotational axis and

perpendicular to the second rotational axis. A beam path parallel to the third

axis is reflected from the primary mirror to the secondary mirror. The tertiary

mirror lies on the second rotational axis. The first fold mirror redirects the
beam path reflected from the secondary mirror to the tertiary mirror. The

second fold mirror lies at the intersection point and redirects the beam path

reflected from the tertiary mirror along the first rotational axis. (The beam path

is described herein in terms of a received beam that is received by the primary

mirror of the optical system from an external input, and then is reflected to exit

the gimbal along the first rotational axis. Under reciprocal-path principles of

optics, the described system is equally applicable to a transmitted beam that is

input along the first rotational axis, and leaves the optical system after a final

reflection from the primary mirror.)

[0008] The primary, secondary, tertiary, and first fold mirrors are all preferably

mounted to, and move with, the inner gimbal. The second fold mirror is

preferably mounted to, and moves with, the outer gimbal. The outer gimbal

typically includes an outer-gimbal bearing having a center opening through
which the beam path passes after reflecting from the second fold mirror. The

first fold mirror preferably, but not necessary, lies substantially on the third
axis or on a locus of points lying in the plane defined by the second rotational

axis and the third axis, but not on the first rotational axis or the second

rotational axis. The primary mirror is preferably circular with a circular
diameter of DP (see Figure 3). The tertiary mirror preferably lies outside of the

circular diameter DP so that it does not obscure the primary mirror.

[0009] The optical components that are located off the gimbal may be of a wide

variety of types. Generally, an optical transceiver is not mounted to either the

inner gimbal or the outer gimbal, and intercepts the beam path after it passes
along the first rotational axis. The optical transceiver may be an optical



transmitter such as a laser whose output beam is conducted to the gimbaled

components and thence transmitted outwardly from the primary mirror of the

telescope. The optical transceiver may be an optical receiver such as a sensor

or a spectrometer, whose input beam is received by the primary mirror and

conducted off the gimbal to the light receiver. The optical transceiver may

include both transmitting and receiving functions.

[0010] In another embodiment, a coude gimbal structure comprises a two-axis

gimbal system including an outer gimbal pivotable about a first rotational axis,

and an inner gimbal supported on the outer gimbal and pivotable about a

second rotational axis which is perpendicular to the first rotational axis and

which intersects the first rotational axis at an intersection point. A reflective

coude optical system includes a positive optical-power primary mirror

mounted to the inner gimbal. The primary mirror is directed along a third axis

passing through the intersection point and lying perpendicular to the first

rotational axis and perpendicular to the second rotational axis. Preferably, the

primary mirror is circular with a circular diameter DP. A primary-mirror

projected path length of a beam path parallel to the first rotational axis does not

exceed one-half of DP, and a primary-mirror projected path length of a beam

path parallel to the second rotational axis does not exceed one-half of DP.

Other compatible features described herein and elsewhere may be used in

conjunction with this embodiment.

[0011] In yet another embodiment, a coude gimbal structure comprises a two-

axis gimbal system including an outer gimbal pivotable about a first rotational

axis, and an inner gimbal supported on the outer gimbal and pivotable about a

second rotational axis which is perpendicular to the first rotational axis and

which intersects the first rotational axis at an intersection point. A reflective

coude optical system includes a positive-optical-power primary mirror

mounted to the inner gimbal. The primary mirror is directed along a third axis

passing through the intersection point and lying perpendicular to the first

rotational axis and perpendicular to the second rotational axis. The coude

optical system includes an intersection flat fold mirror at the intersection point.

Other compatible features described herein and elsewhere may be used in

conjunction with this embodiment.



[0012] The longer the on-gimbal path length of the coude optics, the greater the

increase in the cross-sectional dimensions (i.e., spreading) of the optical beam.

The increase in the cross-sectional dimensions is proportional to the field of

view of the optical system. The increase in the optical beam size is not of

concern in applications such as astronomical telescopes, where the field of

view is very small, typically on the order of 0.01 degrees. However, for

applications such as earth-surveillance or other scene-surveillance systems, the

field of view is typically much larger, on the order of 1/2-1 degree or more, or

about 50-100 or more times the field of view for a typical astronomical

telescope. In this case, the increase in the cross-sectional diameter for

conventional coude optics is quite large. Other components of the system, such

as the diameter of the bearing through which the beam passes, must be

increased in size, resulting in increased weight, size, and power requirements

of the gimbal structure. With the present approach, the on-gimbal coude path

length is decreased substantially, so that beam spreading is reduced and the

required enlargements of weight, size, and power requirements of the gimbal

system are much smaller. This consideration is of great significance in the

design of airborne and space borne gimbaled optical systems.

{0013] Other features and advantages of the present invention will be apparent

from the following more detailed description of the preferred embodiment,

taken in conjunction with the accompanying drawings, which illustrate, by way

of example, the principles of the invention. The scope of the invention is not,

however, limited to this preferred embodiment.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Figure 1 is a block diagram of a pointable optical system including on-

gimbal and off-gimbal elements;

[0015] Figure 2 is a schematic perspective view of the pointable optical system

and optical components of a gimbaled telescope;

[0016] Figure 3 is a schematic perspective ray-path drawing of the gimbaled

optical system of Figure 2; and

[0017] Figure 4 is an optical prescription for an embodiment of the present

approach.



DETAILED DESCRIPTION OF THE INVENTION

[0018] Figure 1 depicts a block diagram of one form of an optical system 20.

An afocal telescope 22 is mounted on a gimbal structure, so that the afocal

telescope may be pointed at objects within a field of regard of the gimbal

structure and the afocal telescope 22. In this form, an optical transceiver 24 is

so large and heavy, or otherwise has special requirements, that it is not

mounted on the gimbal structure and is stationary relative to the movement of

the gimbal structure. The off-gimbal optical transceiver 24 may be an optical

transmitter such as a laser that beams its power output through the pointable

afocal telescope 22; the optical transceiver 24 may be an optical receiver such

as a sensor that requires cooling to cryogenic temperatures; or the optical

transceiver 24 may include both a transmitter and a receiver. An optical beam

link 26 extends between the on-gimbal afocal telescope 22 and the off-gimbal

optical transceiver 24 to provide output from the optical transceiver 24 to the

afocal telescope 22, or input from the afocal telescope 22 to the optical

transceiver 24, or both functions. The optical beam link 26 must provide the

proper path from or to the relatively stationary optical transceiver 24 even

though the afocal telescope 22 pivots to various angles within its field of

regard.

[0019] Figure 2 depicts a coude gimbal structure 30 that comprises the afocal

telescope 22, including its gimbal structure 32 and its optical components 34,

in relation to the optical beam link 26. Figure 3 is a ray-path illustration of the

optical components 34 of the coude gimbal structure 30 and their relation to the

optical beam link 26, but with most of the physical gimbal structure 32 omitted

for clarity of illustration.

[0020] The coude gimbal structure 30 comprises a two-axis gimbal system 36

including an outer gimbal 38 (which may also be termed a yoke) of the gimbal

structure 32 pivotable about a first rotational axis 40, and an inner gimbal 42

supported on the outer gimbal 38 and pivotable about a second rotational axis

44. The second rotational axis 44 is perpendicular to the first rotational axis 40

and intersects the first rotational axis 40 at an intersection point 46.



[0021] The outer girabal 38 is pivotably supported on outer-gimbal bearings 48

and 50. The inner gimbal 40 is pivotably supported on inner-gimbal bearings

52 and 54. One or both of each pair of bearings 48, 50 and 52, 54 may be

contained within a rotational drive motor or rotational drive motors for

movement about the two rotational axes 40 and 44.

[0022] The coude gimbal structure 30 further includes a folded afocal three-

mirror anastigmat 56. The folded afocal three-mirror anastigmat 56 has a

positive-optical-power primary mirror 58, a negative-optical-power secondary

mirror 60, and a positive-optical-power tertiary mirror 62. In the preferred

embodiment, the primary mirror 58 is circular with a circular diameter DP,

which is substantially the same as the aperture of the primary mirror and of the

afocal telescope 22. The tertiary mirror 62 lies on the same side of the primary

mirror 58 as the secondary mirror 60. The tertiary mirror 62 preferably lies
outside of a cylinder of rays 80 extending to (or from) the primary mirror 58,

where the cylinder of rays 80 has a cylindrical diameter of no greater than DP.

Stated alternatively, the tertiary mirror 62 is at a greater distance from a third

axis 68 that passes through the intersection point 46 and lies perpendicular to

the first rotational axis 40 and the second rotational axis 44, than is the

outermost of the rays that are incident upon the primary mirror 58.

Consequently, there is no projected area of the tertiary mirror 62 onto the

primary mirror 58. The tertiary mirror 62 does not obscure the primary mirror

58 and does not obscure any of the light rays. Additionally, there are a first flat

fold mirror 64, and a second flat fold mirror 66 that are preferably positioned

so that neither of the fold mirrors 64, 66 further obscures the primary mirror 58

beyond the obscuration of the secondary mirror 60. That is, the only effective

obscuration of the primary mirror 58 is by the secondary mirror 60.

[0023] The mirrors 58, 60, 62, and 64 are all supported from the inner gimbal

42 and rotate as a fixed set about the axis 44. The mirror 66 is supported from

the outer gimbal 38 and rotates about axis 40. However, the support structure

for the mirrors 58, 62, 64, and 66 are omitted from the drawings to avoid

clutter.

[0024] The primary mirror 58 and the secondary mirror 60 lie on the third axis

68 passing through the intersection point 46 and lying perpendicular to the first

rotational axis 40 and perpendicular to the second rotational axis 44. The



tertiary mirror 62 lies on the second rotational axis 44. The first fold mirror 66

preferably does not lie on the third axis 68. The second fold mirror 66 lies at

the intersection point 46.

[0025] As shown in Figure 2 and in a ray-path view in Figure 3, a beam path

70 of an incoming light beam 72 parallel to the third axis 68 is incident upon

the primary mirror 58. The beam path 70 reflects from the positive-optical-

power primary mirror 58 to the negative-optical-power secondary mirror 60.

The beam path 70 reflects from the secondary mirror 60 to the first flat fold

mirror 64, which redirects the beam path 70 to be incident upon the tertiary

mirror 62. The beam path 70 reflects from the tertiary mirror 62 to the second

flat fold mirror 66, which redirects the beam path 70 along the first rotational

axis 40. An outgoing beam path initially along the first rotational axis 40

reflects from the mirrors in the opposite order.

[0026] The outer-gimbal bearings 48 and 50 are supported from the outer

gimbal 38. The outer-gimbal bearing 48 is an annular cylinder in form, with a

hollow center opening 74. . The beam path 70 passes through the hollow

center opening 74 as it travels along the first rotational axis 40 to the optical

transceiver 24 after reflecting from the second flat fold mirror 66.

[0027] It will be recalled that the primary mirror 58 is preferably circular with

a diameter of DP. In this presently preferred embodiment, a primary-mirror

projected path length of the portion of the beam path 70 onto the primary

mirror 58, measured parallel to the first rotational axis 40, does not exceed one-

half of Dp (i.e., one-half of the aperture of the primary mirror 58 and of the

telescope 22). A primary-mirror projected path length of the portion of the

beam path 70 parallel to the second rotational axis 44 does not exceed one-half

of Dp. Stated another way, the beam path 70 does not extend all the way across

the face of the primary mirror 58, in the segments of the portion of the beam

path 70 lying along either the first rotational axis 40 or the second rotational

axis 44. Similarly, the cylindrical diameter of the cylinder of rays 80 does not

exceed one-half of DP. This geometry shortens the overall length of the beam

path 70 between the primary mirror 58 and the transceiver 24, so that the

increase in the cross-sectional area of the beam path 70 is limited, even for an

optical system with a significant field of view. This limitation on the length of

the beam path 70 is a result of the second flat fold mirror 66 positioned at the



intersection point 46, and the presence and positioning of the positive-optical-

power tertiary mirror 62.

[0028] The present coude approach uses an arrangement of two flat fold

mirrors and three powered mirrors, as compared with prior coude approaches

which typically use 4-5 flat fold mirrors and 2 or more powered mirrors. The

present approach results in a coude path length of only about 1/2 times the

aperture diameter of the primary mirror 58. (The "coude path length" is

defined as the distance measured along the beam path between the on-gimbal

optics pupil that is closest to the inner gimbal axis (if there is more than one

pupil) and the outer gimbal axis bearing.) By comparison, prior arrangements

of mirrors produced a coude path length of about 2-1/2 to 4-1/2 times the

aperture diameter. The result of a small coude path length is a small beam

diameter (i.e., limited spreading of the beam) as the beam path 70 passes

through the center opening 74 of the outer gimbal bearing 48. The small beam

diameter allows the bearing structure to be made more accurate, smaller,

lighter, and less expensive than the bearing structure of prior approaches.

Another important advantage is that the intersection point 46 of the axes 40,

44, and 68 is near the center of gravity of the physical components of the afocal

telescope 22. Consequently, the swept volume of the gimbaled afocal

telescope 22 is relatively small, and there is a good static balance of the

physical components of the gimbaled afocal telescope 22. The drive motors for

the gimballing movement may be made small, and counterweights are typically

not needed.

[0029] These advantages are direct results of the optical arrangement. The

folding of the beam path 70 by the first flat fold mirror 64 allows the tertiary

mirror 62 to be positioned so that the pupil of the reimaging afocal three-mirror

anastigmat 56 is positioned at about the second flat fold mirror 66. The size of

the second flat fold mirror 66 may therefore be made as small as possible,

which aids in avoiding any obscuration of the primary mirror 58 by the second

flat fold mirror 66. The spreading of the beam path 70 between the second flat

fold mirror 66 and the outer gimbal bearing 48 allows the coude path length to

be only about 1/2 of the aperture diameter of the primary mirror 58. The beam

spreading of the beam proportional to the length of the beam path subsequent

to the pupil. Beam spreading between the second flat fold mirror 66 and the



outer gimbal bearing 48 in the present approach is consequently small,

allowing the center opening 64 of the outer gimbal bearing to be small.

[0030] An exemplary optical design embodying the present approach as been

prepared. Figure 4 sets forth the optical prescriptions for the five mirrors 58,

60, 62, 64 and 66 in this design.

[0031] Although a particular embodiment of the invention has been described

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.



ΓEUROSTYLEI CLAIMS

What is claimed is:

1. A coude gimbal structure (30) comprising:

a two-axis gimbal system (36) including

an outer gimbal (38) pivotable about a first rotational axis (40), and

an inner gimbal (42) supported on the outer gimbal (38) and pivotable

about a second rotational axis (44) which is perpendicular to the first rotational axis

(40) and which intersects the first rotational axis (40) at an intersection point (46); and

a folded afocal three-mirror anastigmat (56) having a positive-optical-power

primary mirror (58), a negative-optical-power secondary mirror (60), and a positive-

optical-power tertiary mirror (62), a first flat fold mirror (64), and a second flat fold

mirror (66), wherein

the primary mirror (58) and the secondary mirror (60) lie on a third axis

(68) passing through the intersection point (46) and lying perpendicular to the first

rotational axis (40) and perpendicular to the second rotational axis (44), and wherein a

beam path (70) parallel to the third axis (68) is reflected from the primary mirror (58)

to the secondary mirror (60),

the tertiary mirror (62) lies on the second rotational axis (44),

the first flat fold mirror (64) redirects the beam path (70) reflected from

the secondary mirror (60) to the tertiary mirror (62), and

the second flat fold mirror (66) lies at the intersection point (46) and

redirects along the first rotational axis (40) the beam path (70) reflected from the

tertiary mirror (62).



2. The gimbal structure of claim 1, wherein the primary mirror (58), the

secondary mirror (60), the tertiary mirror (62), and the first flat fold mirror (64) are

mounted to the inner gimbal (42), and the second flat fold mirror (66) is mounted to

the outer gimbal (38).

3. The gimbal structure of claim 1, wherein the outer gimbal (38) includes

an outer-gimbal bearing having a center opening (74) through which the beam path
(70) passes after reflecting from the second flat fold mirror (66).

4. The gimbal structure of claim 1, wherein the primary mirror (58) is

circular with a circular diameter DP, and wherein the tertiary mirror (62) lies outside

the circular diameter DP of the primary mirror (58).

5. The gimbal structure of claim 1, wherein a pupil of the afocal three-

mirror anastigmat (56) is positioned at about the second flat fold mirror (66).

6. The gimbal structure of claim 1, wherein the primary mirror (58) has an

aperture diameter, and wherein a coude path length is about 1/2 of the aperture

diameter of the primary mirror (58).

7. The gimbal structure of claim 1, further including

an optical transceiver (24) that is not mounted to either of the gimbals and

intercepts the beam path (70) after it passes along the first rotational axis (40).

8. The gimbal structure of claim 1, wherein the first flat fold mirror (64)

lies on an arc lying in a plane defined by the second rotational axis (44) and the third

axis (68).









A. CLASSIFICATION OF SUBJECT MATTER
INV. G02B7/182
ADD. G02B17/06 G02B23/16

According to International Patent Classification (IPC) o r to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

G02B

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal , INSPEC , WPI Data, COMPENDEX

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No

US 5 363 235 A (KIUNKE PUL C [US] ET AL) 1-8

8 November 1994 (1994-11-08)
abstract
column 1 , line 56 - column 3 , line 4
column 11, line 31 - line 68

US 5 115 355 A (DUNN MURRAY [US])
19 May 1992 (1992-05-19)

abstract
column 1 , line 29 - column 2 , line 22

_ /

Further documents are listed in the continuation of Box C See patent family annex

* Special categories of cited documents
1T" later document published after the international filing date

o r pπoπty date and not in conflict with the application but1A' document defining the general state of the art which is not cited to understand the principle or theory underlying the
considered to be of particular relevance invention

"E- earlier document but published o n or after the international 1X " document of particular relevance the claimed invention
filing date cannot be considered novel or cannot be considered to

"L1 document which may throw doubts o n priority cla ιm(s) or involve a n inventive step when the document is taken alone
which is cited to establish the publication date of another "Y" document of particular relevance, the claimed invention
citation or other special reason (as specified) cannot be considered t o involve an inventive step when the

1O" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu¬
other means ments, such combination being obvious to a person skilled

1P" document published prior to the international filing date but in the art

later than the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

20 July 2007 17/08/2007

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P B 5818 Patentlaan 2
NL - 2280 HV Rijswijk

TeI (+31-70) 340-2040, Tx 3 1 651 epo nl,
Fax (+31-70) 340-3016

Cohen , Adam

Form PCT/ISA/210 (second sheet) (April 2005)



C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication where appropriate, of the relevant passages Relevant to claim No

NEFF B W ET AL: "Agile beam director 1-8

system design: ROBS/TCATS optical tracker"
PROCEEDINGS OF THE SPIE - THE
INTERNATIONAL SOCIETY FOR OPTICAL
ENGINEERING SPIE-INT. SOC. OPT. ENG USA,

vol. 3779, 19 July 1999 (1999-07-19), - 21

July 1999 (1999-07-21) pages 402-412,
XP002443544
ISSN: 0277-786X
the whole document

om PCT/ISA/210 (continuation of second sheet) (April 2005)



Patent document Publication Patent family Publication
cited in search report date member(s) date

US 5363235 A 08-11-1994 NONE

US 5115355 A 19-05-1992 NONE

Form PCT/ISA/210 (patent family annex) (April 2005)


	front-page
	description
	claims
	drawings
	wo-search-report

