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Abstract

The drop of the fastening force of the shape memory alloy (SMA) pipe connection will lead to the
fall off of the connecting fittings in the process of subsequent use, which will affect the safety and
reliability of the whole system. In order to systematically study the drop law of the SMA pipe con-
nection fastening force, the nonlinear finite element ABAQUS user-defined material subroutine
(UMAT) program is employed to simulate the assembly process of the pipe connection system with
different pipe connection wall thickness. The results show that the drop of the fastening force oc-
curs in the middle part of the SMA pipe connection, and with the same wall thickness of SMA pipe
connection, the drop of the fastening force is more obvious before cooling down during the as-
sembly process. The contact pressure between the inner wall of the SMA pipe connection and the
outer wall of the connected pipe, and the martensite volume fraction of the inner wall of the pipe
connection gradually increase with the increase of the wall thickness of the SMA pipe connection;
and in the middle part of the inner wall of the SMA pipe connection, the martensite volume frac-
tion of the inner wall of the pipe connection increases to different degrees. The work in this paper
can provide the mechanical foundation and technical reference for the optimization design of SMA
pipe connection.
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TARE1Z A4 (Shape memory alloy, SMA)E#:LFE R BY%, SSRERESHEREFEAIEFRE
B, BMYMBNRANRZETRGE. ARGV FTRSMAB B LM E R /R ME, A0t TIegkit
FRITHAAEABAQUS —IRFF K H ' & XA EH(UMAT) TR, XA ) B Sk Bk R4 R G i S At Fe ik
TEEBER . FREREH: EHEHBREREASMATE LEM B RERA; MRASEELBEET, HE
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TR Al B A7 DL R BB Sk N BE I BB R Ay o K B Sk BRI T B AR 2 e BB Sk A B v [R5
PRESFAEERE AR . KL TIETASMATE LKL THR A SRR ASE.
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1. 5|8

TEARILAZ & 42 (Shape memory alloy, SMA) H# R ILLAK, B 3Z A THLEHIR . LB RS, V)
TREEESK[1] [2] 3] AFE TGS EME, SMA METERIIFEE/ER T, I MR BRI AR
WIZRI[4] [5]. Hrr, Ni-Ti JRICZE SEHELE R SMA BTERICTZ RN SEEVE B8 B 2 1) [ 55
HERSEE 6], HEEERFOURA T L. RIS E R, M THamiEETT A, SMA &
Pk B S BRIE SR U . T EREYE R, R R R SE R N, BT RGN He A = AE AU AR
e

ITAER, T #EE SMA BHERIN 22 g1, PRI SA, V2 E NS 23X SMA B RS
T T BUETHFAEHL . ™4 K257k Lagoudas = 4EA#IFEAYFI Total Lagrange M@k Zmd T SMA Hlixd
FRKAETEAT B TCHE T, i) s PRI 6 AN 8] JUART RS A9 428 9 R 1 SMA B 42 3k 5 1 58 22 T) 1) 4
JE N T AT BUA AN . 52 S5 [ 8k b A8 BB T A N AN R EL PR, BEH5E 7 TiNiFe-SMA & #k 4
FTHRARAE T KB A RE . K% SF (9133 %] Clausius-Clapeyron 7 FEREATAEIE, FEALAE KTV AL
Y NITi-SMA 8] 5 R 8 . R LR, FHe) Al 101 A0 5K A5 [11 10 TiNiNb 83k JUA RS BL S
BEAIK R BO AR 1) 5 N T 52 34T 1 BUE 0T o BRI AN, BARESE[12)3 T 5 IRARAH AR S Ak 2 e, 2%
FE ) [IRAEAN R AR TR, WAL ) 2 M e T T 5 IR A [F AR AR AR AR IR B 3 0, IR A IR 5%
gl ABAQUS F /7 T2, XA TH/ERIZN SMA B Sk AU 4258 28 FH T 75 A [R] i A 38 fr 102 9 2%
PR B BRGEB AL BEAT 1 20 A AR A o B R A (13145 B T BR 7T ABAQUS XK H P A EHFIE 7,
I SMA B RS S HOERE DT o BE A IRTAE AL, X SMA 45 R G 1) 2 Pl Rk AT B AR A,
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PR TSR LA RS R 42 e o0 84 Sk AN A 22 T2 il s 2 3 7K1 A0 s 77 g o S

SCHR[13 1AV 12k BE TR SR, A543 Sk P9 BE S5 403 A A/ B 2 [ 77 A 0 1 i P 820 A 6 3k P B v )
AL S R AEBRE LR . N ARG IT SMA A 12 Sk BE R0 [ X Bk B RIS L, R SO AR )
ABAQUS-UMAT £/, Xf AN [A SMA 45 Kk BE JE T B 5 2 Gt A2 e REREAT BB DU F X A [F) A 42k
BEJE T BN kT LR BEAT 0T B T, 25 G2 BE JE 0T SMA B H AR AR AT Ty LUK 4 28 G A2 26T 56 B 2RI
Ja SR ARG 2 18] 4 i 2 BV BLR IR, O SMA B R GRS ML AL 4R 3 8 L.

2. ERpIRE
2.1. SMA F#XH
AN RIBIERAE, SMA M) R ARRL X[ 14]
g =5,(ET.0,)=¢6 +e) +&] (1)
Hr, DR AR R, RIE TR R o, WANER, &, & Me HRZRMENENE, H2

ATy AN AR . d (1), *ETE%%EQ/H‘JTHF”E@ BRIEAN

dgl.j = Sijkldo-kl + Aijdf + @ide 2
R, do, dE AT HAFCRBKEMRS B, B RAEEAMMBMERSR, 5, A, Fo, 5

MERREEKRESE, HEBRIKESEMNZKIKE SR,
HE SR I B8, Brison [1514 5, f1 @, EAE LD IRARFR B R BOOER R N

(§)=(1_§)FA+§FM 3)
o, PR S, MO, FIE “A” fl “M” 451407 B B AR T ol
L Mises BB ANIEN, SMA MHASR B 5K & 53 n] ARR AN

3H . .
2_eqoij é >0
A, =1 4)
’ H tr %
—-&; £<0
&

b, H O SMA TE Stz e 7 rp ) 7 28 R oK A AR AR
3

o =\ (5)
ETN IV R SN INVALIS - Vin
i 2/ o\2
& = g(“’n) (6)
RORERAE A,
H3(2)~(4), A3 SMA BRI A RN
do—kl = Cijk[ (é)(dgl/ —A,-jdg—@ij (§)dT) (7)

A, C,-jk,(f)%j SMA MEHIRIESK &8, v X RE KBTIV ERE.
2.2. SMA HBTIEFHIGE
KH Liang-Rogers & 52158 A SMA TEAHAR I F2 oh 5y FARARFR 73850 5 B J IR 2[RI O &R o R
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SMA HIRARZE N B, MRS TR T > M, 5N ) o2 0, <0 <o, I, SMA KETEARAE,
LRI 5 AR 73 KN

(0% —0w) L (8)

O-ms - Gmf 2

¢ =%cos{

X, o, Fl o, 8D AT IR H RS, ELEAAS I R h, BRI BT R AR, SR
Brison £ V407 FEXT H ARG K R AT ik
{o-ms =O-scr +CM (T_Ms)

9
Umf :O-fcr—‘rCM (T_Mf) ( )

Hob, o Moy, 2R EATFARE AR EORIGME, Cy N T RS MRS, M, M, 5
R IF AR RGO . FIRE, SR Brison AiPE: 3, L E UK TR 1A% o 9 T LAZE Ty

{O-as =C,y(T-4)
Ot :CA(T_Af)

MURPE TR T > A, NI o il o, <o™ <o, I, SMA KAWL, Hhit D KRR35

gzé—;{costfAs[T—As—Z:qﬂﬂ} (11)

X, & FRIERATTIRI 2 5 RKERA D BIIWIUGIE, C, W IRER N R, 4 M 4, FoR IR
(LSRG Y

2.3. YIEER

K1 RN SMA B RS2SR HIH R =K. SMA B8N 3.00 mm, KJF 11.00 mm, #JiHHEE
JE ¢ 1.40 mm, #HEEAIMERN 3.16 mm, BEJE 0.58 mm. BUBEEEAE 5858 —i, K 13.00 mm.
BBk IR AR G5 M R 5 SMA B8 RGN A RGT A BRI, 25 B 3052 Pr T oL, X 45 8zk o [R50 A7 T
AT R I A R 2 R, WA I B A Sk B T YT R IR A 2R . FEIELEE 45°CRE, X
SKEMTY AR R E R, R ERE AR E S h, WEESAINAE 80°C B M T R, REKE
PELA A BINEIRE 45°C, SERIEAN A AR,

eI & S B BHER NI-Ti &4, HMEZHWE | iR, Ex, Ev AR IREFID AR5
PERLE, 05, On F9BLIRIRFI LS [ IR R A, B8 B9 AN B IR VA RA LU A S5 R e HAERA T
BOL R P REEA . BB O PO B S B A BB A S A RL, MORLERL Ry 122 GPa, WifA
EboA 0.325, JE RN 714 992 MPa, ##{bIEE N 18,676 MPa.

3. EUGERE D

T A [ B BE R R SMA B 3 RG2S R FE AT A PR T EUE AL, 15 2B 0 5 oA 2081 5 1)
NIy A L. [ 2 A 3 s N BEJREA 2.50 mm, $ RN A 170 MPa i, 2552 A HIET 80°C 5%
HG 45 CHEEAE 5 ESNRERIM 1/4 B ERB InAi = Ble aTUUE H, AN RGTELEALE
B4 A 5 BN 27 /KA B R ARG, DR S 285 T 5 v 2600 A 4 S R B 5 e A /MR 2 ()2 kS I T D
Wit B A EER L.

4 MK 5 Frs N2 LEE 2 )9 2.10 mm A1 2.50 mm I, SMA %35 2 48 55 10 58 A AT 5 & 3k

(10)

N
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R 55 40k 12 HIMRE 2 (A1 A P S D B e Sk N BE R S A i e o @I XS LU AT, BEAE KRR EROR, A
IRV 5 J5 5 4 Sk A BE B Ml F B /KB K, ELARAE I X 3, Bz fi e I8 77 35 75 85 4 S A B o )30
P RAEBRTEILG . MG BEKEEE N 2.10 mm B, 23R 07 e N 77 7574 H AT A IR X R %2 15.98
MPa, A E1J5 F42) 18.02 MPa. 4B LBEE A 2.50 mm I, %3007 82 B 7 31 3 [X 384 H R T %
2] 16.47 MPa, AHG FF#2) 19.49 MPa. J@IX L UL EXdE, TTUAEH, AHIFEEERBN T, ik NEE
R T 0SS P i e I 3 7 4 0 Ji P K 7 00 5 B 0 B .

&6 A 7 i N 2L BE E N 2.10 mm A1 2.50 mm B, SMA &2 R 48 5 e 52 A 2000 5 & kN
RE I [CAR AR 0 B B e S W RE I A i 28 o @I XF BT 5, BEE RSk BEJEIG R, BB Sk N BE 5 45 4
B HMREFE bR, B IR A BB 38 K. AR R Sk BE JE 1 RGUER EIAT G, Bk BE K
ARG B VA BE T 100 p 19 i [ w350 S 38 K 20/ Ja e TR e, (HTE A BE v ) ST AR IS K
WO TE RS AT, A R E JEAE  S pA BE 5 e 1 A B S A7 DA A R 40 B i KA 350 HH B B 2 vy
F£)0.2mm 4k, 4EEE 2.10 mm B, 5 RARRFR 80 K278 0.78, 2BE)E 04 2.50 mm B, T [RAAA
U B R0 0.820 BEFLTERGA AN G, AN IR BE JR A 4z 3k P BE 55 0l 12 AR 4 1 5 AR AR 7 B
KALE BN EAF, HMEEE N 2.10 mm B, I AT R A B H BLIERE 506 1147 0.2 mm 4k,

A SMA &3k

Figure 1. SMA pipe connection system assembly profile
B 1. SMA B ARG R EREE

Table 1. Material parameters of NiTi shape memory alloy
= 1.NiTi ERIZIZE M EES%(13]

EA/GPa Ev/GPa u 0,/(10°°°C) O/(107%°C) Ca/(MPa/*C) Cwm/(MPa/°C)
67 26.3 0.25 11 6.6 13.8 8
MJ/°C My°C A4J°C A¢°C Oy/MPa or/MPa H/1072
39.35 28.24 51.75 72.05 100 170 6.7
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Figure 2. Equivalent stress distribution of the connected pipe
before and after cooling down
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KAELI N 0.86, HEEJFN 2.50 mm I, L FRAAARAR I B KL B H IR RE B35 112 0.1 mm &b, ok {E

214 0.92,
4. &g
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Figure 3. Equivalent stress distribution of the pipe connection
before and after cooling down
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Figure 4. Contact pressure distribution curve of inner wall of
pipe connection before cooling down
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Figure 5. Contact pressure distribution curve of inner wall of
pipe connection after cooling
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Figure 6. Martensite volume fraction distribution curve of inner
wall of pipe connection before cooling down
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Figure 7. Martensite volume fraction distribution curve of inner
wall of pipe connection after cooling down
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