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Abstract: To achieve dynamic performance improvement of the cross-spring compliant micro-
displacement magnifying mechanism (CMDMM), response surface methodology (RSM) was used to
optimize the structure parameters for multi-objective analysis. Firstly the parametric analysis FEA model
was built, and the working principle of the mechanism was analyzed. Having analyzed the kinematics,
dynamics with the ANSYS software, the design performance parameters of the mechanism were
determined. The standard response surface were established adopting the inscribed central composite
designs methods, and the optimize parameters were extracted. The 8 groups of cross-spring thicknesses
were selected to be the design variables. The former three steps natural characteristics were taken as

optimal objective. The stiffness of the mechanism was used as the constraint function. A multi-objective
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optimization design was proposed by Nonlinear Programming by Quadratic Lagrangian (NLPQL) method.

Three candidate points were given after thousands iterations. One best candidate point was chose to be

corrected as the final design point. The whole optimization program was established from all above steps.

Compared the former three steps natural frequency of vibration before and after optimization, the first

order frequency raised by 80%, the second and third orders become more than 4% increase. From those

discussions above, a positive correlation between thethickness of the cross-spring and the dynamic

performance can be concluded. It also showed that the thicknesses from different kinematic pairs had

different effects on the dynamic.
optimization design.
Key words: cross-spring pivot;

NLPQL; optimization design
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response surface methodology;

The response surface methodology was effective in dynamics

inscribed central composite designs;
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Fig.1 Structure diagram of CMDMM

1018005-2



sroh gk TA2

% 10 48

www.irla.cn

% 45 %

JCPFCR TR R 1 o iR KB, 2 5
Aii BT LA B DU G AL B R A
PN B , WA BB ) Al A, 20 i A TR] — 1 i Ak
(PN AT

ARG T A 1 SRR IC R AR AR P AR 2SI Y DY A T
b SR NAS I3 A3 22 BE B Bl B 58 SRR , il Tt
REVETCIFRI R i AL R ML D e/ T SE bR T
FER 25 18, LR g P 18 00 (8] 5 58 X3 R 5%
PEECHEHE I

AL 5 B AR S HILR by 22 3 A 7K1 X R 2 A
EERIUPANE SN ) R DRREEN (o R Y (B 1 G P S RO B R
RAAMGRz s, e shER eS| HH AR A PIAS ZE HATA
XS F 2 X Bz 3l I WA )l 6 5 3y AR G 25
RS A8 25 A HLE RN RS T AR S, 1R
%, TAES R IR A AR AL S a7 DL S b R S8 e A
TR, ARUEAE Bh # TAT A rp R 32 AT Aol 59 ) iz
J1, 9% B b RS S RS BT A R AR

2 AR ERE TR AR ST AT

g 1A A BT I — A E 2 H ARl IR
TESN AR B R AFFAZ GO T, B S Tk
2 R ATUAA B [T AT AR 0] B A A9 2 3% TR
BURG , — 7 [ 1 23 2 2 B A B3 B o, 3 T 224
AR LR, 7T LIE A ) 64 47 J) 77 =X BR il
H—BriR s, smh, — =B A 8RR EE RS
WAL, PRI, O 1 3R T ALY 4 30 ) 2 0 A BE |, 17
DAL R DG B BT = B RRAE SRR

RSN, TSRS AL AR FR) TR AP0 4 1 W B 25 s 2
PRELHLA B AR PE RE RO AZ AR

PAABE A B 942 3 28 1K 52 31 T B A Bl i 20 B R
AR AR O L 0 23R AR I 18] 2 BT 7 i) It B

P 2 LR NG IE 3 S BUR B R
Fig.2 Construction parameters of the CMDMM
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Fig.3 Sweep-frequency test of the CMDMM
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Tab.1 First three orders frequency of CMDMM

Mode 1 2 3

Frequency/Hz 11.343 68.674 106.61
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Figure

Type:total deformation
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Unit:mm

2015/12/27 15:48
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(a) First order mode vibration modes of CMDMM
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(b) Second order mode vibration modes of CMDMM
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Fig.4 First three vibration modes of CMDMM
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Tab.2 15 optimal experimental response points

No. Pl/mm P2/mm P3/mm
1 1.2 1.2 1.2

2 0.4 1.2 1.2

3 2 1.2 1.2

4 1.2 0.4 1.2

5 1.2 2 1.2

6 1.2 1.2 0.4

7 1.2 1.2 2

8 0.724 32 0.724 32 0.724 32
9 1.6757 0.724 32 0.724 32
10 0.724 32 1.6757 0.724 32
11 1.6757 1.6757 0.724 32
12 0.724 32 0.724 32 1.6757
13 1.6757 0.724 32 1.6757
14 0.724 32 1.6757 1.6757
15 1.6757 1.6757 1.6757
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Tab.3 Goodness of fit for the optimization

The first The second The third

frequency frequency frequency

R 1 0.9711 0.995 88
Rj 1 0.966 29 0.994 23
ORuse 0.013 589 1.3959 0.708 8
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(¢) = WO 26 Jo 5 7l ol 2 fo/Hz 72.317 72.208 71.966
(c) Third order frequency local sensitivity curve Ji/Hz 106.12 103.57 110.42
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Fig.8 Local sensitivity curve of the response points
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Tab.5 Design points before and after optimization

Obtimizi
. . . p .1mlzmg Optimal value Corrected value
Design variable  initial value
/mm /mm
/mm
f/mm 1.1 1.581 6 1.65
t/mm 1.1 0.846 11 0.85
t;/mm 1.1 0.460 75 0.46

B Ag IE B8 B S EUR AR B AT 1k — 20 i 05
ELoHT, AT LA U0 AR S R = B B A AL
T SR IEAT XS, a3k 6 i, W LU Y 7R %
ANHUAE) W BE A LR A A E (Bl 0.16%) I RTHE T, —
Wr AR T8 bR 5 T 80% , AL ROCR B3, — iR
B Ttlida .,

% 6 HRACETERIHEIRA bt
Tab.6 Comparative parameters performance before

and after optimization

Index . . Indicator
Initial value Optimal value
parameter performance
Sfi/Hz 11.343 20.505 80.8%
f/Hz 68.674 71.532 4.2%
fi/Hz 106.61 111.73 4.8%
K/N-mm™ 20.28 20.25 -0.16%
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Tab.7 First order frequency optimal design point

Pj::zgzr Initial value  Corrected value C;zidni:jﬁe
f/mm 1.1 1.668 1.7
f,/mm 1.1 0.555 49 0.5
t;/mm 1.1 0.5003 0.5
fi/Hz 11.343 20.603 21.213

K/N+-mm™ 20.28 19.29 20.15
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