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Abstract: To avoid the negative effects of structural parameters’ randomness on its properties, an
optimization method of locking elastic sheet based on reliability sensitivity was proposed. Firstly, the
finite element model and failure modes of the locking elastic sheet for a magnetic suspension control
moment gyro were analyzed. Afterwards, considering the randomness of the structural sizes and
material parameters of the elastic sheet, the reliability of the elastic sheet in the series failure mode
were studied by using the response surface method and the first order second moment method.
Furthermore, the calculating formulas of reliability sensitivity with respect to the mean and variance
of random variables were derived. Eventually, the model of elastic sheet reliability optimization was
built with the optimization strategy determined by the result of reliability sensitivity analysis. The
difference influence of safety factor optimization and reliability optimization was analyzed.

Experimental results indicate that the reliability optimization could get better optimization results
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compared with the safety factor optimization. The reliability sensitivity optimization method not only

reduces the weight of the elastic sheet by 23. 71% under the premise of ensuring the high reliability of

the elastic sheet, but also reduces the weight of gyro room by 0. 98 kg, which is beneficial to weight

reduction of the magnetic suspension control moment gyro.

Key words: control moment gyro; locking device; response surface; first order second moment;

reliability sensitivity; weight reduction
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Fig. 1 Schematic diagram of locking device
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Fig. 2 Model of locking elastic sheet
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Tab.1 Main structural parameters of elastic sheet

EMZH 2 /() » /mm % /mm z /mm % /mm

N 7.0 80.0 2.0 3.0 10. 0
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Tab. 2 Material properties of elastic sheet

S 5t W RIERR
pri R B
/GPa /(kg+*m ) /MPa
QBe2 128 0.3 8 300 580

3 3 X AL AR A3 AT A5 B A i R Ak
PF UET A3 3] ANSYS 45 BR o058 B 43 #r 45 5 L 7]
3 Wi WU S KR A T R T i 2% Ak
R JIME M 379. 33 MPa, 1 T 14 9 b4 ik
BE 45 M RS LA KT 32 2 fr S AP AE AR R T
BUEZEHZ A5, I AR 2R f = 1.5 47
Wit% . 255U L B R i R o R TR

NODAL SOLUTION

DMX=7.53287 —
SMN=345106
SMX=380.841

345 9 3 25 338,546
345106 12,6275 84,8998 127177 1649 454 211732 234.00 206 787 8.546 ,

&3 B AR ) =
Fig. 3 Stress cloud diagram of elastic sheet in

locking state
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Tab.3 Modal and vibration of elastic sheet
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Fig. 4  Displacement-frequency response curve of

elastic sheet
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Tab.4 Mean and standard deviation of basic variables

Wit YE e o
2 /() 7.0 0.07
% /mm 80.0 0.8
% /mm 2.0 0.02
2z /mm 3.0 0.03
% /mm 10.0 0.1
% /GPa 128 6.4

A A I A A BRGS0 U 55 e D Y —
ANEE, UM R Y = (yioysrsy,) Fongh
F R AR AR B, g(Y) SRy 25 48 1) D) BE oR AL, RIIZ
PRIER R R 45 R 1) AR

J<O RABCRZE
g= g(Y)1s=0 ImFRE . (D
>0 TR

F IS FANAFAE 22 RO B, w] R H ]
S DI RE R IR N

R = P(G(Y) >0) , (2)

GY) = (g (Y)Y, g,(Y)) , (3)

LRI, GOY) N EDBREREL. g(Y)
FOREE RO T e PR AL

TERAF R B R A 11 B0 T AR A
ORI R 2 R 2 AT SE N

R=IR. 4)

F 9 1 A BR 5T 43 A 4 2R AT 2R R
FEAMWA

(L) o B 2R 200, BV BOIR S i A 25 i 1 g
A RE T EUR R ARSI I RERR AL g0 A

g1 = o, —max(o) , (5)
K. o = 580 MPa, it fr ok PR , max(o)
ok an N PIR

(2) W25 L4 2R 2%, i BIOIRAS TR 3 F — o [
S — i F o 1 AR S AR e T e 1 A, )
o BRI RE R 20
&= w — wr (6)
K. o A 1BBEETR, o = 200 Hz, KR
e 1 ) B KL A3
i () I AS 38 T AR O
R" =R "R, . (7
AP RS I g RAEEUT R AT AERE
3.3 MEEME
A% 2 ) 7 TH V5 30 3 OS5 A8 I ik &2
T AR Ay Wi 3 TR RS A SC Ay 2 R e N T ) 30 B
R BE o B4 Hb S W L S ) R pR R AR L R TS
A8 I Uk 22 S5 A Sy i 7 T AR A

vy = ko + ij1j+ Zkzjl—ixj+ Ekﬂ'xf’ ’
j=1 i=j i=1

(8
/H\:EP: ko s k_,' ’ ki_,' ’ kj}- ﬁ?#ﬁggxﬁy y?ﬂﬁﬁl%l



3 ]

VRS A5 R R A g R MR B AL Al SR B KAk 601

%(; i s X jﬂﬁ@%o

it A R OCHAF ANSYS H iy PDS 3 4y
P, B 6 DB S8 IR g0 A gy
o F R BRI S M A 20 T T PR AR B AR 5

x5 MEEHFHRE

Tab.5 Coefficients of response surface function
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Tab. 6 Reliability sensitivity of elastic sheet
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Tab. 7 Range of design variables of elastic sheet
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Tab. 8 Comparison of results of elastic sheet optimization
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optimization
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