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Design of fast steering mirror with rigid
support structure for airborne platform
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Abstract: A compact Fast Steering Mirror (FSM) with a rigid support structure was designed for
adapting to the great vibrancy, impact and high-low temperature conditions of an airborne platform.
The support shafting, actuators, angle measurement elements of the FSM were designed and selected
respectively on the basis of design requirements of the FSM. Then, a device to adjust shafting
clearance was designed to improve shafting precision and provide additional supporting for mobile
parts of the FSM. The special grating displacement sensors with small sizes were designed and four
grating sensors were placed on the diagonal symmetrically to measure the position of the mirror by
quadratic average of each measuring result, which reduces the volume of the FSM, improves its

measuring precision, and removes the influence of clearance in the shaft direction on measuring
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results. Finally, the control bandwidth and pointing precision of the FSM for the airborne platform

were tested, and the results show that the designed FSM offers the control bandwidth about 110 Hz,

azimuth pointing error less than 3. 4" and the pitch pointing error less than 3. 8", which satisfies

application requirements of vehicle platforms.

Key words: Fast Steering Mirror(FSM) ; rigid support; difference measurement; control bandwidth;

pointing precision
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Tab.1 Performing requirements of FSM for airborne platform
Items Requirement
Optic diameter = @10 mm
Maximum angular range + 3'(X.Y axis)
Pointing error <4"
Control bandwidth = 100 Hz
Working Temperature —40°C ~+55C
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Fig. 3 Constitute of device for adjusting shafting clearance
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Tab.2 Performances of grating Sensor

No. Ttems Value
1 Size of main body 22 mmX16 mmX 20 mm
2 Total stroke +2.0 mm
3 Resonance frequency 1200 Hz
4 Precision >1 pm
5 Resolution 0.06 pm
6  Working Temperature —40°C ~+85C
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Fig. 10 Constitute of FSM for airborne platform
4 HUERNME 3 X FSM #9 5 34 )

4.1 #LEK FSM 2 $ 7 35 B i

TESE AL FSM 2 1l & 48 i ALt ), >R
ASER By PID 454 5005 T bR — B i ik . 15 3] &
GE ) P PR IR URE P 2 n i 11 BroR . BlEk FSM
4 PR ER 45 58 200 110 Hzw i THLRIZ 37 &
(O SR AR b L T RGBT K,

]

i

!
S !
i E ________________________________ s
& :

!

i

1

0 15 30 45 60 75 90 105 120 135 150
fMHz
B 11 ALk FSM A 3 i 45 4 s il 2

Fig. 11  Closed-loop amplitude-frequency curve

4.2 #HlF FSM 35 @45 B B

FIRSAET X HLER FSM 4 48 1) K 1 k17
TELERAGI , AnlE 12 FTR , SC 56 R S8 3 2
T 15000 2" [k B A A IR A% A L 32 S AL A
Lk FSM e 8 54 i, Horb, F45 38 L ANE
R A TR R WL 2R FSM IE % T/E I AR 35 75
T FSM ¥ FAS R 46 2 &, 0. 2" [ 1 EAY
FHF W FSM 19 52 BrAg 1) 4o B . B S 56 5 vk
b de il 3 B TR HLR AR IR 95 A K FSML $5
il 7 AN B TAERR E J5 L At F o EAY
WA FSM 1 52 b 4 & L IF 5 R 58 1915 7 & oF
A3 He o0 BT 5 128 17 35 A5 B 3% W1 2 45 28 FSM 1Y
i R EE



132 P

5 24 %

- ‘ontrol system

F«illz mﬁFSMiﬂaﬁF E{W'

Fig. 12 Experiment for measuring pointing precision of FSM

£33 HFH FSM iEEFBEMMRKE

Tab.3 Measure results of FSM pointing prccision

Appointed position Actual position  Pointing error

No- e/ (XY) angle/ (X.Y) /(AxsAy)

1 0,0) (+0.4",0" (+0.4",0"

2 (+69",0) (72.4",40.8")  (+3.4",0.8"
3 (—69",00  (—66.2",—1.0" (+2.8",—1.0"
4 0,+69)  (—0.8",+72.8" (—0.8",+3.8"
5 0,—69")  (—0.6",—72.4") (—0.6",—3.4"
6 (+69",—69") (+66.8",—66.0" (—2.2",+3.0"
7 (—69",—-69") (—71.8",—66.6") (—2.8",4+2.4"
8  (+69",+69") (+67.0",466.4") (—2.0",—2.6"
9 (+69",—69" (+72.0",—72.2" (+3.0",—3.2"
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