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Temperature Field Analysis of SMA Pipe Joint Based
on Finite Element Method

WANG Wei,GUO Xingye

(School of Civil Engineering, Shenyang Jianzhu University , Shenyang , China, 110168 )

Abstract ; During heating recovery of temperature field distribution of shape memory alloy pipe
joint under different thicknesses of rubber washers and sizes of pipe joint is analyzed, which pro-
vides a theoretical basis for pipe design in practical engineering. Firstly, the differential equation of
heat conduction in circular tube wall is established, and the temperature field distribution of the
SMA pipe joint during heating recovery is analyzed. Secondly, ABAQUS is used to simulate the
effect of the thickness of the rubber washer and the size of the SMA pipe joint on the temperature
field. The soft rubber washer has strong heat storage performance. During the heating and recovery
process of the SMA pipe joint,the temperature field range is the largest range during the conduc-
tion process of the soft rubber washer,and the pipe size has a strong influence on the temperature
field. Thenumericalresultsshowthat the soft rubber washer with a certain thickness in the SMA pipe
joint can effectively protect the temperature of the connected pipe during the heat recovery process
of the shape memory alloy , moreover,in the case of the same thickness of the soft rubber washer,
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the thermal resistance in the large-sized pipe joints is smaller than which in the small-sized one.

Key words : shape memory alloy (SMA ) ; pipe structures ; temperature field ; finite element analysis

(FEA) ;soft rubber washer
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Fig.4 Cross section of SMA pipe joint
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Table 1 Thermal and physical properties of SMA

‘ g/ LA/ FREH
WRE/C s . 1
(kgem™) (J+(kg:K) ) (W-(m-K) ")
20 7 500 500 10
100 7 500 510 12
200 7 500 530 13
300 7 500 550 15
400 7 500 580 17

K2 PRI YIS R
Table 2 Thermal and physical properties of Soft

rubber backing ring

‘ R/ HegE/ SIMER
RE/C 1 1
(kg'm™)  (J-(kg-K) "")(W-(m-K) ")
20 1 600 2 400 0.06
100 1480 2900 0.05
200 1360 3 400 0. 04
300 1240 3 900 0.03
400 1120 4 400 0.02

2.3 REBENMELE

HZEFEE N 3 mm JIFR 10 min B R B
Y= B mE 7 fros. NE H AT LUE Y,
SMA B HAF#E AT A &2 10 min B,
SMA i EE 5 o AR AT LU B, th Ah 3N
T T REAR , B /N2 IR Ry 342 T, R
HAEAHRIE R 70 C.
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Table 3 Thermal and physical properties of 304

steel tube

SHRER
(J+(kg-K) ") (W+(m-K) ")

% e/

/T
(kg-m™?)

20 7 800 470 47
100 7 800 490 45
200 7 800 516 42.9
300 7 800 529 38.7

400 7 800 541 35.8
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Fig.7 The temperature field contour plot when the

cushion is 3 mm and heated for 10 minutes
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Fig.8 The temperature field contour plot when the

cushion is 3 mm and heated for 16 minutes
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Fig.9 The temperature variation curves of the inner
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cushion is 3 mm
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Fig. 10 The temperature field contour plot when the

cushion is 1 mm and heated for 16 minutes
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Fig. 11 The temperature variation curves of the inner
and outer layers of the system when the
cushion is 1 mm
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Fig. 12 The temperature field contour plot when

heating for 16 minutes
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Fig. 14 The inner layer temperature variation curves

of the different thickness
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Fig. 15 The temperature field contour plot when
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