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Modal Analysis of Composite Leaf Spring with SMA Based on ANSYS
GUAN Ming,REN Yongsheng,SUN Xiangzheng
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Technology, Qingdao, Shandong 266590, China)

Abstract; The modal analysis of composite leaf spring with SMA was carried out by the ANSYS software. First,a
FEM modal of the composite spring was established,and then the modal analysis of the composite spring correspond
to heating and cooling was conducted, respectively. Numerical results show the influence of temperature on the natu-
ral frequency and the modal shape of the composite spring. The influence of volume content of SMA fiber on the
natural frequency and the modal shape of the composite spring was also investigated. The natural frequency of com-
posite leaf spring with SMA is larger with the rising of temperature and so on.
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Fig. 2 The orientation style of layer
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Fig. 4 The finite element model of spring

3) Jil il 24 R R A 28 |72 |72
Fie BRI 5 78 Al 38 110 52 2301 0 26 A7 I 48 3 e 4oz NLER ﬁivr
By, H . P 1270 N,y 1/4 ARK S 5 Nr \\ﬁ//
Fm SMA A Z RIS T, SMA T2 T o 72 b
20,60 C LKA FEH 45,35 CHyAYTE AR [0 52 7 il BS5 WEZTHANMERE
b g AH B, MATLAB F2 57 F 5l 45, HaE Rk 1 Fig.5 The model of stress analysis of spring
JE7R o
4) 3K fift #1 SMAZREEH%
S AR ST T J7 B KL 25 43 BT » A5 BF 50 R il 2% Tab.1 The restoring force of shape memory alloy
3% Subspace, 8 5E 3 W 2R T L I W/ C 20 60 45 35
5) BF TSRS 70 B 45 3R A R 52 5 b Rk A8 8 T A 3 F%H/N 16528 33805 42710 32321

A [ G 400 2R A0 B B AT A H .
3 ANSYSERTERS T EITiE

SMA & & F R 1) SMA BB T 58 FIR Bk 6 OB R Bn 3 2 s s SMA 2 & # R 942
BRERE ST e A 8/ BRI L LR BN 3 R .

2 BAEEMRSHERE 3 AE/FREWMEMRSHER
Tab. 2 The parameters table of Nitinol Tab.3 The parameters table of Graphite/Epoxy
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Fig. 10 The second modal shape
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Tab. 4 The natural frequency of spring in heating Tab.5 The natural frequency of spring in heating
WEE/ C — B4 %/ Hz AR/ Hz =B/ He R/ C — IR /Hz MR/ Hz  =BioMiR/He
20 344, 30 1516. 00 4607. 00 20 269. 25 845.72 1850. 67
30 349. 75 1522. 27 4615. 22 30 282.52 875.08 1891. 90
40 355. 50 1532. 54 4623. 43 40 295.78 904. 43 1933. 13
50 389.12 1592. 25 4671.63 50 309. 04 933.79 1974. 37
60 459. 26 1729. 00 4790. 00 60 373.32 1079. 63 2191. 46
70 516. 00 1849. 22 4902. 12 70 427. 85 1205. 89 2387.58
80 534. 60 1889. 52 4942. 20 80 438.63 1231. 05 2427. 31
90 538. 00 1897. 00 4949. 00 90 449, 40 1256. 20 2467.05
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Tab. 6 The natural frequency of spring of different Tab. 7 The natural frequency of spring of different
SMA fiber volume content in heating SMA fiber volume content in heating
WRE8R/%  —WR/He Wi /Hz  =HifiR/Hz SR/ % — %/ He AR/ Hz =B d A/ He
10 159. 26 1729. 00 4790. 00 10 191. 35 559. 65 1138. 12
20 430. 04 1709. 88 4560. 26 20 260.57 759. 27 1542.73
30 398. 00 1705. 45 4353.03 30 308.13 895. 22 1818. 11
40 351.59 1695. 02 4167.79 40 344. 33 997.92 2026. 05
50 275.92 1675. 86 4001. 40 50 373.32 1079.63 2191. 46
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Tab.8 The natural frequency of spring in cooling Tab.9 The natural frequency of spring in cooling
WA/ C — B A2/ Hz B4R/ Hz =B AR %/ Hz e/ C — W A2/ Hz AR 2E /Hz =B R/ He
90 538.00 1897. 23 4949.12 90 449. 40 1256. 20 2467.05
80 533.23 1887. 36 4939. 24 80 437.95 1229. 63 2425.55
70 528.48 1877. 54 4929. 48 70 426. 50 1203. 07 2384.05
60 523.71 1867. 43 4919. 71 60 415. 05 1176. 50 2342.55
50 518. 95 1857. 23 4909. 95 50 403. 60 1149. 94 2301. 04
40 478. 23 1769. 62 4828.91 40 392. 16 1123. 37 2259.55
30 419.63 1650. 25 4721. 44 30 336.77 996. 45 2066. 76
20 344.00 1511. 23 4607. 74 20 269. 25 845.72 1850. 67
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Tab. 10  The natural frequency of spring of different Tab. 11 The natural frequency of spring of different
SMA volume content in cooling SMA volume content in cooling
W& E/% — K%/ He AR /Hz = BidiR/He T/ N — B dii 2/ Hz AR/ Hz =B/ He
10 523.71 1867. 43 4919.71 10 223.41 635.12 1254. 79
20 490. 88 1832. 66 4714, 95 20 304. 22 860. 04 1701. 33
30 454. 44 1810. 90 4531. 25 30 359. 75 1015. 64 2005. 31
40 402.01 1776. 94 4367. 4 40 402. 01 1132.07 2234. 89
50 316. 16 1724. 83 4217.61 50 415. 05 1176. 50 2342.55
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