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Abstract The robust topology optimization of an elastic continuum structure is performed under the loading position
uncertainty of a dynamic excitation subject to the material volume constraint. The design purpose in this work is to
minimize the structural dynamic compliance while reducing its sensitivity to the external load position perturbations in a
certain region. First, on the basis of the non-probabilistic convex representation of an uncertainty, the stochastic variation
of the loading position is indicated simply with an uncertain-but-bounded interval variable. Then, with the density vari-

able method of the RAMP (rational approximation of material properties) model, the design sensitivity analyses of the
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structural dynamic compliance with respect to the topological variables are conducted according to the quadratic Taylor
series expansion once the loading position moves locally. Finally, by using the gradient-based density approach of the
standard MMA (method of moving asymptotes) upon the choice of the maximal absolute value of the design sensitivi-
ties over the uncertain position interval, the robust dynamic topology optimization designs can be implemented within a
single-level optimization procedure for computational efficiency. The optimal configurations of two benchmark examples
loaded with the harmonic excitation are compared comprehensively with those obtained under the fixed loading position
of the excitation. Numerical results show that the present dynamic topology optimizations can essentially provide higher
robustness to the loading point disturbances than the equivalent deterministic topology optimization solutions. As the
material volume constraint is relaxed a little, the dynamic compliance of the robust topology optimization will be smaller

than that of the deterministic topology optimization over the whole load uncertain interval.

Key words loading position uncertainty, robust topology optimization, structural dynamic compliance, bounded interval

variable, maximal absolute design sensitivity
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Table 1 Optimized results and the dynamic compliance variations

Optimal results

Load position moves to the interval bound

Loading position

Cao/T iteration number Cq (T change ratio/%
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uncertain
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similar Cgo 1.2769 1.2880 0.868
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(a) Fixed loading point
Pl 5 T SR 25 A0 A AL BT 2 R HE
Fig. 5 Comparison of the topology optimizations on two

different design strategies
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(b) Uncertain loading point

K 5 PR SRS SR R IMILIL ST G5 R AT EE (80
Fig. 5 Comparison of the topology optimizations on two

different design strategies (continued)
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Table 3 Optimized results and the dynamic compliance variations

Optimal results

Cao/J

Loading position - :
iteration number

Loading position moves to

A half interval radius The interval bound

Ca/l change ratio/% Ca/ change ratio/%

fixed 2.9097 71
uncertain
3.0862

2.9035

similar f 173

similar Cqq

2.9595 1.711 3.1085 6.831

3.1047
29178

0.601
0.495

3.1616
2.9618

2.442
2.009

R4 TIRALHT R S5 T =B AR, )
RTINS, SNSRI 5 45 H K28 — B [ A R LE AR
A e ML Ja, S5 RIS — B [l A R A5 2
B MR A, (AR I B A IR X 1B 6
Jr Al T P RR A AR ATIR LR, SR i 48 X Bh3R
WGEE Cqo IEAMCEL i 2k, [R5 T ARG 30 354X
2R R R AR AR AL B a5 R EATE R A2,
fES R vE AL Bt i RE T, R R R BT a4
HATBL 2 HORDRE S BALE S B A F DX 18] e [, A3
SREG IR PUAN AT ] LR BE LA SD.

% 4 MBB REMHT =M EHBMEKRLLIL
Table 4 Comparison of the first three natural frequencies
of the MBB beam structure

Structural natural frequency /Hz

Design status

first second third
initial 240.54 572.14 821.45
deterministic optimization 361.75 497.02 955.53
robust optimization
similar f 318.46 436.67 824.44
similar Cqo 330.11 433.77 825.60

dynamic compliance Cyy/J

80 120 160

iteration numbers

K6 PR s IR ML s i

Fig. 6 Convergence curves of the structural dynamic compliance on

0 40

the two design strategies
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(1) 75 &3 VR P AL B A & MR A N A3 BIIFS
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%, H AN BB S E MRS AE T RIS N
DAL R R AR, {8 Frr 75405 ¥ A2 3 o7 B RE A LI )
TR0 T B A AT (4% 142

() A AL E R AE DB, gt dh T
ABE T 1R 5 ) 50 20 B2 A A A 0 A1 TR L ) ks 2
DAL R, 78 70 R W A5 21 0 45 ¥ ¥ 41 RS TAE
Wb L B YL (1R S T 5, S F R e S A fe.

) FEMFARRLA RGO, FafE s ML B
TR 44 SCER/IN B SR NBURERA KT L PR A R 1 4 410
g R X5 RO 7 2 — BB 20 4 e g S bl 18
X3, I+ Bk ZRGIE RS AL B8 A%, DT 4 F A
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