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Abstract

The aim of this research is to implement a design framework based on reliability analysis and make it

possibly used for a reliable and robust design under uncertainties. Different types of reliability methods and

algorithms are programmed to explore their characteristics. In our work, RIA and the PMA are employed for

formulating the reliability analysis problems. A number of reliability methods are introduced in this program
such as FORM, AMV/AMV+ and MCS. Reliability analysis can be easily performed with this tool box only if
a drive file is ready to run. Users need to select random design variables and define their distributions and

correlation.
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Figure 1. Most Probable Point in u-space

2.2.2 AMV(Advanced Mean Value method) [7][8]
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Fig. 2 Reliability Index Approach(RIA)
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Fig. 3 Performance Measure Approach(PMA)
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Minimize H u ”

Subjectto G(u) =7 5)

AN w EEFH B AA w5 WHo
G) = @A el WA, 7 = @A e
vk Al o] =Z=o]t)

PMA(Performance Measure Approach)i= RIA <]
ARt =13 FA] e Hukd Ao A
Lee and Kwak © 2]3f A<= SIth7} $-0o PMA &
o] FA ol At [9][10].

Minimize * G(u)
Subject to H u ” = ,g, (6)

224  LXZARMEIZEHIE AMV 2] KKT =4

AFZARAE =T AMV 2 KKT =4S
RIA 232 398 A= AZsky
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FORM:

Minimize H u ”

Subjectto G(u) =172

Lagrange: L = ” u ” + AUG-2)

KKT:

oL u oG oL
w o] Pa " u

=Gu)—-z=0. @)
AMV+:
Minimize H u ”

«T

oG

Subjectto G(u’ )+ (u—u")-z=0

Lagrange: L=|| u " +/1(G(u*)+ag; (u—u)-7)
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&L u G A . &G .
A =0 Z =G+ —— (-u)—z=0
HuH+ 0, Y Gu) (u—u)-z=0 (8)
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SQP(Sequential Quadratic Programming),
MMFD(Modified Method of Feasible Direction),
NIP(Nonlinear Interior Point) {59 thofgh
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=2 T M
2.2.6 Warm/cold starting [11]
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(€))

PMA: u
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Drive file

v

Transformation

routine Limit
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State

Reliability Analysis

y

Save and get the result

Fig. 4 Flow chart of the program
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‘Reliability Analysis’ B}~ QFol| Al AAHF A9,
W2 A e RIA, PMA <72 3}, Warm starting, =] %]
3t ghareE AES v AE e 7w AAEY

o] 7hsakA HH.

B dfjado] Azdct @Al AA WEe AT
™<= 1 (lognormal) - 3% o
(uniform) X5 AFES £ QA Xﬂﬂﬂ
gk FORM % AMV+ WS A& 4= 9l
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t}. RIA, PMA & &3] 438 d4 &
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(normal) & 3,
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warm startin g

4, Mo

4.1 %2 = 2| (Short Column)
ol Al 7 b, Aol h 9l & wHrAl 84
Zwa

TAEA FEZE Y, 59 EUE M, 593
P7F &8 W4E FojA = AT [11][12].
2
GX)=1- 41\24 — sz > ,b=5, h=15,
bh’Y b °h°Y
' 1 050
Correlation matrix = 05 1 0 (1)
0O 0 1
AAWMF] 8522 JHE Table 1 o e
Aok AA =L 43 9 AA S
2433t (9.0 -8.75 -8.5 -8.0 -7.75 -7.5 -7.25 -7.0 -
6.5-6.0-55-50 -45-40-35 -30-25 -20-19-
1.8-1.7-16 -15-14-13 -12-1.1 -1.0-09 -0.8 -
0.7 -0.6 -0.5 -04 -0.3 -0.2 -0.1 0.0 0.05 0.1 0.15
0.2 0.25)

Table 1 Probabilistic information of design variables

Mean 500 2000 5
Standard 100 400 0.5
deviation

Fok w5 At 2 WE u= 6,5 -5 7t
Z7)go® L5t FORM ¥ AMV+ WY F

O

7HAZ AL 1 ko FORM ¢ 7% SQP ¢ ¢
AsFA . SQP 2] 4% MATLAB W2| ‘fmincon’
UF 3=&5 AREskQlh o]%x tode A sl
s A4S A8 e TR HAAS oy
S5 e ojof g Zlow Bl
3 2,394 P error norm =& z error norm < Z}
AA FE(Gu)=z) T AFE
(Jul=8 rix aix gksst 20 we Mcs
oA 3l ghEe Aols WHE Uehdal

Lk WEY E(norm)S T3k Zolth. 7|E =i

UL

o 4] K o]5=o] FORM ©] AMV+ .U} warm starting

~

A% S

o Yot ABE o IA BHE= AL oF 2= 9t
T PMA 08 AE E A AMV+7} )

% © 8 FORM/SQP Xt} &}zl AL
=
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4.2 HWA ZZT7[(MEMS resonator)

R A D R R == 0 2 I = i i
2 A& TFse 717 E, 71719 5474 o7t
oA 947 JIdE ¢ U oA\ T 2 A
ojth [13]. ¥ AFolA a#dtarat sk T2
H Y FdH=z A7 FxEo|g. 2zt A7
W2 Fig6 o vEl Qv o] &xl7]e] A
A= HFdA 7hdoel HW fJ¥ FZ7](input
resonator)’F @A =™ #E% W(coupling beam)<
el 7hxlol AgEw AxAHor F¥H 317
(output resonator) 7} -5 3}A ¥t}

Table 2 RIA approach, short column

RIA SQP(cold/warm) P error norm
FORM 2446/1061 1.36953e-2
AMV+ 1925/1036 1.36948e-2

Table 3 PMA approach, short column

P M Y

Distribution normal normal

Type

Lognormal

PMA SQP (cold/warm) Z error norm
FORM 3167/933 1.59943e-4
AMV+ 1743/1071 1.05209e-7
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Fig. 5 Layout of a MEMS resonator
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Fig 6. MEMS resonator geometric configuration

AFE A2 AlZko] ol A=
A wess s A
AEskolal, @Al CALFEM < o|-&3ato] af4S
T A Bo [14). A e WA 2(LSF)
doJE g g2 2og Fojxin,

LSF =10g(0.06) —log(obj1) (15)

Aol g
A FAgeTE

Frequency Respeonse Curve for H-Beam

(pm)

Displacement

33 34 35 36 37 38
Frequency (MHz)

Fig.7 Response graph of the H-Beam analysis

A = 7 ME Ag9selt. gE
X e A 2XE JPEEAH 5]
RIA o g A5 495t en FORM/SQP,
AMV+, MCS 7} #4888 Fahs WoR
AbgE e HFE AT FIFAA 2T
000z AAsith. 71 AIE Table 5 O
e ol

AMV+= TS %%k o ™, FORM/SQP +
FHSAAT MCS o Ao} g Ao]E HolE=
AL 4 F Ay Mcs o AyE Euj,
&g ol 50%0 getng Ada Bolgh

Alsadeds oF 4 9lal, FORM 9 Aol W
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&S HOor, FORM/SQP ¢ #& 74
HAs dauglEE AEokA & Az <l
FHsh=d Aoe As B ¢ 9

TR

Table 4. Probability distribution type and information

about design values

Parameters Name | Type Mean | Stdv

Location of Coupling | Lc Normal | 2.7 0.27

Spring from One End pm pum

of Microbeam

Starting location of | Le Normal | 9.53 0.953
Drive Electrode from pm wm

One End

Table 5. Reliability analysis of FORM, AMV+, and
MCS

Method Probability failure
FORM with SQP (RIA) 30.33%

AMV+ (RIA) Not converged
MCS(10e4 sampling) 51.73%
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