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( Scusitivity Analysis and Tolerance Design of the Stabilized Mirror )

( Ho-Scop Jeong, Scok-Man Sohn, Chong-Won Lee )
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Fig. 1 Modeling of the stabilized mirror
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Fig. 2 Power spectral density function of dynamic disturbance
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Table 1 Assignment of level values for sensitivity analysis to select

control factors

Factor || Col. | Levell | Level 2 | Level3
My 5 1.2 1.5 1.8
mp 10 04 0.5 0.6
mp 12 03 04 0.5
mg 13 4.0 5.0 6.0
rp 14 45 55 65
B 19 27 37 47
Kem 21 40 50 " 60
Kms 22 80 100 120
Kep 25 20 30 40
m; 31 -45 -40 -35
my 33 90 100 110
P2 34 55 60 65
P 35 110 115 120
b, 37 25 30 35
bs 38 70 75 80

Table 2 Results of sensitivity analysis to select control factors

Factor Sum of Square F Ratio
My 81.8 26*
np 93.2 29*
mp 46.2 15"
mg 17.9 0.6
Tp 174.1 54+
g 61.5 1.9*
Kpas 9.7 0.3
Kam 8.8 03
Kra 23.7 0.7
n, 6.8 0.2
my 12.6 0.4
P 4.8 0.2
Ps 41.9 1.3+
by 15.6 0.5
by 47.4 1.5*

(* : indicates the significant factors chosen for robust design )

Table 3 Assignment of level values for sensitivity analysis

to select noise factors

Factor Col. | Level] Level2 | Level 3
22 1 -0.26 -0.25 -0.24
23 2 118 119 120
1Y 5 1.2 1.5 1.8
mp 10 0.4 0.5 0.6
[ 12 03 04 0.5
mg 13 4.0 5.0 6.0
fp 14 54.5 55 55.5
o 19 36.5 37 37.5
Krm 21 40 50 60
Knvm 22 80 100 120
Krn 25 24 30 36
m 27 0.0 0.2 0.4
P 29 0.0 0.2 0.4




n, 31 -40.5 -40 -39.5
my 33 99.5 100 100.5
P2 34 59.5 60 60.5
Ps 35 114.5 115 115.5
by 37 29.5 30 30.5
b; 38 74.5 75 75.5
Table 4 Results of sensitivity analysis to select noise factors
Average response by level Sutn of
Tactor || Level 1 | Level2 Level 3 Square(x 10'9)
82 1.06 1.05 1.05 1.07
[ 1.06 1.05 - 1.05 0.45
mym 1.05 1.05 1.06 - 217
mp 1.12 1.05 1.00 219.41
mp 1.05 1.06 1.05 3.38
mg " 1.06 1.05 1.05 1.16
e 111 1.05 1.01 130.24
n 1.06 1.05 1.05 332
Kem 1.07 1.05 1.04 18.41
Kam 1.06 1.06 1.04 69504
Kra 1.11 1.04 1.02 109.69
m 1.06 1.06 1.05 0.51
p 1.07 1.06 1.04 11.29
my 1.06 1.05 1.06 1.70
my 1.06 1.04 1.06 5.33
m 1.05 1.05 1.07 10.20
ps 1.05 1.06 1.05 0.36
by 1.05 1.06 1.06 1.43
by 1.05 1.06 1.05 1.60
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Table 5 Level valuc of design variables for inner othogonal array

Factor || Lower Limit | Upper Limit | Level Interval

my 1.2 1.8 0.005

mp 0.4 0.6 0.005

mg 03 0.4 0.005

p 45 65 0.5

n 27 47 0.5

s 110 120 0.5

b 70 80 0.5
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Table 6 Level value of design variables for outer orthogonal array

Factor Level 1 Level 2
my -5% 5%
mp -5% 5%
mp -3% 5%

P -0.5 0.5
s -0.5 0.5
ps -0.5 0.5
by -0.5 0.5

Table 7 Robust design values of GPTTS

Factor Initial Value | Robust Value

My 1.5 1.4

mp 0.5 0.5

mp 04 04

e 55 61.5

o 37 46.0

by 30 314

by 75 772

RMS (mil/sec) 1.0 0.9
S/N ratio (dB) 60 62
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2+4 % 9 ato] rRMSElel 349
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Table 8 Tolerance of GI'T'T'S

Initial tolerance Afler tolerancing
Factor || Lowtol. High tol. Low tol. 1ligh tol.

g2 -0.01 0.01 . 0.011

2 -0.5 0.5 -0.51 .
my -5% 5% -2.21% 6.00%
mp -5% 5% -5.01% .
mp -5% 5% . .
mg -5% 5% -10.5% .

rp -0.5 0.5 -0.54 .

s -0.5 0.5 -1.23 .
Kenm -5% 5% ° 5.04%
Kvn -5% 5% . .
Krs -5% 5% -5.15% .

m 0.4 L

p 04 1.01

n, -0.5 0.5 -0.52 .
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m; -0.5 0.5 -0.52 .
P2 -0.5 0.5 . 0.52
P -0.5 0.5 . .
by -0.5 0.5 . 0.53
by -0.5 0.5 . .

(+ : the factor whose tolerance is applied wide )

Table 9 Final designed values

Factor Final designed value
NS 1o 0.5 mm
2 g -119*%% mm
3 Ny 1.4'%% 0 kg
4 mp 0.5.005 kg
5 my 0.4 kg
6 mg 5.0.0s1 kg
7 o 61.5.055 mm
R Iy 46.0.) 33 mm
9 Kt 502" kKN/m
10 Kim 100 kN/m
I K 30.)6s kN/m
12 m 0.0 min
13 P 0.0 mm
14 ny -40.952 mm
15 my 100,95, mm
16 P2 60°%*2 mm
17 Pa 115 mm
18 b, 31.4"%% mm
19 b 77.2 mm
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