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Design Sensitivity Analysis and Topology Optimization Method
for Power Flow Analysis at High Frequency
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ABSTRACT

A continuum-based design sensitivity analysis and topology optimization methods are developed for power flow
analysis. Efficient adjoint sensitivity analysis method is employed and further extended to topology optimization
problems. Young’s moduli of all the finite elements are selected as design variables and parameterized using a
bulk material density function. The objective function and constraint are an energy compliance of the system and
an allowable volume fraction, respectively. A gradient-based optimization, the modified method of feasible
direction, is used to obtain the optimal material layout. Through several numerical examples, we notice that the
developed design sensitivity analysis method is very accurate and efficient compared with the finite difference
sensitivity. Also, the topology optimization method provides physically meaningful results. The developed is
design sensitivity analysis method is very useful to systematically predict the impact on the design variations.

Furthermore, the topology optimization method can be utilized in the layout design of structural systems.
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Design Accuracy
Variable AVM DDM FDM (%)
1 -3.195776E-17 -3.195776E-17 -3.195774E-17 100.00
27 -1.894335E-16 -1.894335E-16 -1.894330E-16 100.00
44 -3.584428E-17 -3.584428E-17 -3.584428E-17 100.00
101 8.304383E-16 8.304383E-16 8.304379E-16 100.00
169 -4.475450E-17 -4.475450E-17 -4.475449E-17 100.00
343 2.794033E-17 2.794033E-17 2.794033E-17 100.00
399 -1.228857E-18 -1.228857E-18 -1.228857E-18 100.00

5.2 133444 2=
oA 1
a9 49 F2EL GEAAR AAYY geon 10We A7 gejel 1 F942 e nE
HogXE Eo 7tn Pwe MM duAs 2AH R . §§ EE 1.95x10" (N/m), 7%

ZAASE 0.1, Eold HlE 0.28, T2 0.0lm, 9EE 7800kg/m’olth. &4 $¥& 1024749
2 AL 1105700k uA AEFelA 2 dIAAN ARJER S AE3 AANFES 73
Kt
10W/nodee =" EnexgySinke
=== Power Bomndary+

e=0dBv

a9 4 A9 AAZA
g BEACA o8 1A Fa+ H2 AFFHE A% 23 a9 59 2ok A7IA HFH3
T 2" F e, AREX g3 TAHE A Hmplicit) ZAIAM duA FY4L gle

Rnog 7RG}
08125 08125

I ' II 0.082% 0.0625

(b) © = 500Hz

1000Hz

a9 5 F94 8 ¥ BT
99 AR ANE o Frso] wat AR BEI} A AL AL 2 e
Ao A7t 2AEHE ZAYAE EFSn dFT A5t AFHLE ALgHE A

@o-=

- 124 -



F Qloh FedA A8E JAG FE 2&Hoz wiXsd /S A%E 9 Aoz YA E
AN £ & Aotk FHTFE M AEFE U5 2 HAAM iz FEeeld At
2160.5991d] BlgjA HAHEE FoE 893.7622A4 oz FEeo|AdAE Folt WFow 2u)
ol AAHNT L B & Yot
A 2

a9 79 HEL ©e AAHY Ax 10W 797t gojo] 2 FuyE PP BE WOoZRY
F98 3 Pge stLudA ouAst £445E FREoY. ARAFE dAld FUdY 94
FE 102470012 BH-L 110570lth. AUA] HEeoldzo] disir ARJAEYE Agste] 4
ANZEs 3o

10W/nodev == " Energy Sipke
“ = = Power Boundary+

Fmi
T
19

e=0dB+

a9 6 A9 BA=A

A BANA Fos 92 AYAANE F9¢ 23 Qold HF ASREE 39 7% 2o A
2¥EY A%E AWEY AN Ao Yol Az BT/ Fapddl 2 BA 9ol A9 93
& Ae ¢+ Aok

(a) ® = 1000Hz (b) ® = 500Hz

a9 7 Fu4 d JHAQ8 £ X
a8 794 & F dxeol HAHIH F AqUAZt MMiEHe 9L U dRRe EHS
¢ Atk F JFAAZ} WA Yz 5 de FEY HEDN AR aEFHeE FRE
AFAUAE ZaAZ 5 degdzt A4dd. a9 8dAe HH3 A, 39 duA dx %
HAED. 9 (@dMe dux dx9 £¥7F 4938 RET U3, duyAy ag¥o=
HA &S ¢ & gt 23U A4 ASEIE H L3 HAAS AT FEAHQA aYolx
AAA] A BEE 324 RXHE AL ¢ = AU HHE A, Fof BHgs gk
Z}zy 4141.693 1920.76 0.2 FLEH A5 F] dEA A AETeldzrt F ol o) &

—

B
oo rlr o ooy lo

ox 1t

-125 -



[}

365182
2.55627
1.468073

°
3.65182
255827
1.46073
0.365182

0365182

(@ H3Hs3 A ) FH3 &
a9 8 AHst A, 39 A YEEE (0 = 1000Hz)

6. @&

B =RAAE 2 F35 99049 FA5E AMel tatd A&A shte) 44 ugE A
# E UZ2E 42 o8se A¥ FRAAS FHAAY. A4 AYAS
Aok U7 WSES I axe) 982 YddGom ARUE ¥42 J4sHParameterized)
Stk BAYSE dux) BESIAL, AVRIL AEARTOR AP o3y A FHF
AAE Tt} f& AR vEs] HFED HOo2 Fajein A7) VAR Fo| U ARGL
Bt E¥, +98 44 A4s0F BYHeR Jur) 918 B ST 9 A™sy) A
F9 duix 9E $EE vadte FFAY AU LE BE Wl 27 ANEYLE ¢ 4
AT ALE YA UPE AHEe A A WP BE FFE 9 AAYoz g2y 4
AT EE A4 ARAA JEe FF FA MRl 9@ PAe ANGEZ 27 F2AA
GANA Aolok Aol M F83A A8 5 e AAn,

&z 28

1. M.P. Bendsee, N. Kikuchi, Generating optimal topologies in structural design using a homogenization
method, Computer Methods in Applied Mechanics and Engineering 1988; 71:197-224,

2. 8. Cho, H. Jung, Design sensitivity analysis and topology optimization of displacement-loaded nonlinear
structures, Computer Methods in Applied Mechanics and Engineering 2003; 192: 2539-2553.

3. E.J. Haug, K.K. Choi, and V. Komkov, Design ensitivity analysis of structural systems 1986, Academic
Press, New York.

4. N.Kim, J. Dong, and K.K. Choi, Energy flow analysis and design sensitivity of structural problems at high
frequencies, Journal of sound and vibration 2002, 269: 213-250
D. Park, Vibration power flow analysis of coupled plates and box-type structures 1999

6. PE. Choi, Energy flow analysis of coupled structures 1993

- 126 -



