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Research on magneto-mechanical coupling on tensile monofilament

steel wire ropebased on ANSYS finite element simulation

SU Sanqging , MA Xiaoping ,WANG Wei, YI Shuchun, LU Xiuqi, RENGuangchao, NIU Xiaobo
(School of Civil Engineering, Xi'an Univ. of Arch. & Tech. , Xi'an 710055, China)

Abstract; The 50 Mn monofilament steel wire rope with defects was axial tension, which respectively were
calculated in the static loading field and in the environmental magnetic field as well as the residual magnetic field
itself 3D static magnetic field, then the magnetic scalar calculation was finished by ANSYS finite element simulation
software. Then the two physical field on magneto-mechanical coupling was analyzed directly, and along with the
load increasing, getting the distribution of the normal magnetic flux leakage signals B(x) and its the value of the
gradient K at the specimen defect. As the result, with the increasing of the stress concentration level, the normal
magnetic flux leakage signals have signal zero crossing and its the value of the gradient K have a maximum value.
Finally, comparing with the test results and simulation results, it proves the reliability of the simulation. The
relationship between the defective early damage of the steel wire rope and the metal magnetic memory signals were
found by further research, which shows that the numerical simulation method can provide the reference on magnetic

memory finite element coupling analyzed for steel wire rope tension loading.
Key words: monofilament wire rope; finite element method; metal magnetic memory; magneto-mechanical coupling;

stress concentration
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Fig. 1 The constitutive relation of specimen
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Tab. 1 Parameter of specimen with defection
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Fig. 3 The overall size of finite element model
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Fig. 6 Simulate process magneto-mechanical coupling

2 HBEHERRESH

2.1 MADHER

AL I R AR A 28 b A I TR K /N B B 22
g 22 1) A 3R 4y SRR E B AL TR 3 kNL 5 kN
7 kN, 9 kN, TERLUT RN A T, Ir LUK 4o
WAL 1 6 7R 4 ) A 5. 02X 10° MPa, 8. 36X
10° MPa, 11.71X10° MPa, 15.05X 10° MPa. A

R G0 5 2 RV IR B AL B, BT DL A BH
JE AR B, AN 38 31 5 ¢ B R R 7 8 A Hh 2% K
FOoR AL . A B B AR AS TR 2 RN = B
mE 7 .

NODAL SOLUTION ANSYS

STEP=1
sUB =1
TIME=1

AUG 28 2016
22:51:03

.BE7E+0B  .439E+09  .791E+09  .114E+10  .149E+10
.263E+09  .615E+09  .967E+09  .132E+10 .167E+10

(a) 3kN

s AUG 29 2016
rIME=1 08:44:27
SEQV (ave)

DMX =.002989

L S —— |
.144E+0S  .731E+09  .132E+10 _ .1S0E+10  .249E+10
.438E+09  .102E+10  .161E+10  .220E+10 .278E+10

(b)5kN

=1
s AUG 29 2016
< |

09:14:13

I I ]
.202E+09  .102E+10  .184E+10  .267E+10  .345E+10
L613E+09  .143E+10  .226E+10  .308E+10 .390E+10

(c) TkN
NobRY soLTTION ANSYS

R15.0

AUG 29 2016
09:24:57

STEP=1

.260E+09  .132E+10  .237E+10  .343E+10  .448
.78BE+09  .184E+10  .290E+10  .395E+10 .S501E+:

(d)9kN

B7 HEREBLARHETTENRE
Fig. 7 Stress contour plot of specimen with defection

in different loading

M T LU Y, BE & A0 7 28080 A T 3 ok,
AT R e Ak 7 1y A vh B Yk . AR 1A P B TR
RABWNE, WAOEPRERK, MAOWHBLT
FRARAE - AR R FE 1R A 7 00 <7 TS A A A A
AR R 0 B R MBI EL SR 11 A BT X



5% 3 W TREIR, S BT ANSYS AR TR0 R 22 48 5 22y b -G R S T 313

(R R T A R At 7 B L N, XN
RAEAE Z Jim 2 B0 e, X J7 ) 32 31 25 3N
77 AR R O ) FE 94 R 28 5% . A ol b Ak 19 17
Fifi &/ 28 34 i 55 A e Ze PR BE A, B Ty B R R
A, it a7 28 1) 384 o g R

VI E MM S e N 5 25
Wit o3 A b ) U 04 3 AH 6 b, B BCHE 3 kN
5kN, 7kN, 9 kN#fm F, % +=0.828 mm, y=
0 mmif iy Z J5 ] () B 42 B, BB AR K E
43200 mm, F3E|WE 8 Fr s iR 77 #h 8.

& 8 LW, IRAFLEA I Aar T AH [|) 2542 A B
1oy AR FE A A ], 7E Bl B MDA P R ) 450 8
Bl A e, BUEA R R, N E R R,
BB RAE . IR FE ST 3 kN I, N 4R
Wb B BN, AT A 9 kN B,y S
Ak 1) B B B K

—=—3LkN
3000 LN
—A—7LkN
25001 —v—9kN
20001
o
[=]
= 1500f
b
1000+
500
1 1 1 1 1
0 50 100 150 200

z/mm

B8 E®ELWEANE
Fig. 8 Stress value in specified path

W9 AR 22 28 B 2 R AR R B Ty = B, far 3
13 kN, 5 kN, 7kN, 9 kN @yn#d e, fak
KA X S5 AR RS, X AEH T E
BB AL B K AR SEAE WY X U7 1) R A AR AR /N,
ANSYS

R15.0

AUG 28 2016
22:50:09

NODAL SOLUTION

STEP=1

SUB =1

TIME=1

SEQV (ave)
DMX =.001795
SMN =.867E+08
SMX =.167E+10

vz

X

—
.867E+08 .439E+09 .791E+09 .114E+10 .149E+10
.263E+09 .615E+03 .967E+09 .132E+10 .167E+10

B9 3KNHFETEFRGEZANZE

Fig. 9 Stress contour plot of the overall specimen in 3 kN

PrUAER I B HAEH T, S ERNEE, S5
RAFSE bR 32 97 0 fh o0 B2 47, P S BOKAF A
WA T . R i A T S PR B IR AR, BT LUAE SERR
AN e R~ 3 N i N 32 B A+ B L SN D o e
3 kNAar ¢ T IO R 5], oAt far 2 A — 3.
2.2 REESHSHNE

i ANSYS 432553 Bt i 5 31 1) B 5T 55 3L
Ry, R GRS G o% R AR M AR EE A ] 2
fif T AN TP B B, P E O oy
B A5 B 5 28 1) o A2 BT 5 35000 3K A 38 T U R S S
H) SR . AR F RS R, SR BGA A 1w
x=1.38 mm, y=0 mm &b #% i o] 7% 8% B o B4R,
FEHUEE AR DL 3. S HSemn g kAT b b, $ I E
flae A 0 mm, #HLRFEEE% AR 5 IR InHL (S 5 R &E
PEARRIF 3. WK 10 Bros, (a) B () A2 A7 43
R0 kN, 3kN, 5kN, 7kN, 9 kN #)EH T iR
At A B G ) Bl 23 303 8 R N7 ik B 2 1L, wT LA
FHAEs G Tt IS W R, e ROV 9 AR AR HE
HRIZL, A 0 AL B, RO 2 P AT
T Z &y Jrim Hovfe, 55, JoHH R A ARk,

BEIZE SR 11, B 12 Pros, $REUEAE EA
() 8 A T ) 5 ) e SN i I A 9 o) R N i B
ISP B AR 7 ] WO BR R . 45 SR8, Wiz
77 1] A AR e Ak 0 325 1) 6 JREON. 5 B S LS &
R, I HRE BB AT i BE,  I 0G-DF A% ) 22 8 L Bl
Z M, X AL EH 1 RE A Y ) B v R R b A T 1
I, FCET N RS S S A WG . A
WILLE R, I 0 I AT 0 4 0HE IE A & e 0 AH 55
B, SE—ANERFE AL, JEON SR DB B U RE 3 0 E A
bl 5 T e B B ) 50 K — 28, 7E S AN Bk PE AL,
ADESF AR B, HE PR a] BE i P A iR A A T SR
L —uii & BN 5 —u i) fE v, ZEZS[E)
RS A ey, BrUAESE — Ao, ik
TR A v T RS B IO AR 7 1) e 3R N SR B ) 6
TR 2 8 L L B O e IR R, R O A ) 3 1Y
T AT 5 A A I 246 X B P P W R K . Tl X T 56
TANERBE,  E T R N 2 Y A b D) X R o) A
B, FERENT 57— v 11 R AT 3 B B% A% 2 I ik B 00 o7
A ) SN S L N RGBS A R, B L
T A5 5 76 I 0 Y 2 M B I A A K, 5 kB
— Ak B I G W B A R . i A S B Ak R 9% 1] i RN i
FERR RO I A R AE, JF HRE &R AT K, #h
FEAE AR AL B .



314

OB

PN

(AR FH

849 %

VECTOR

STEP=1
SUB =1
TIME=1
B
ELEM=8Q7581
MIN=.438E-05
MAX=1.37938

ANSYS

R15.0

AUG 2P 2016

W438E-05

17549

2
3501976008 070109438] I 052192’
526,462 8774 1.228:4

a) 0 kNE U i Ja 7 Fﬁﬁz!

VECTPR

STEPF1
sSUB F1
TIMEFL
B
ELEMF809579
MIN=[136E-05
MAX=B.25836

VECTOR

lSUB 1
TIMEF1

ELEMT809379
MIN=!136E-05
MAX=3.46406

136E-05 +724.08 (12448016 2
2362 041 1.08651:2 1581072

c) 3 kNI R AR 50 3 == 5]

11(:03:44

1.403:893

[ 1.579:38

ANSYS

R15.0

AUG 2§ 2016

21304:24

117,224 2.896i32
2.53428 " | 3.25836

ANSYS

R15.0

AUG 2§ 2016

21:24:03

J36E-05
384

VECTOR

lsus 41
TIMEFL

ELEMF809979
MIN=|136E-05
MAX=$.57465

127694793
897 1215416 9; 11924148

(e) 5 kN I A R 5t i = (]

pop—
769793 115539558 2730937

——
3.079,17
2.69427  |3.464'06

ANSYS

R15.0

AUG 38 2016

21:42:59

—
3.17747
2 3.574165

ANSYS

R15.0

AUG 28 2016

..wISMT—l)S +794:368 9.5 88)73 2! ,5;3
| 7185, 119,115 51 3 298519 2.78012
) 7 kN A J R i < (5]
VECTQR
lSTEF:l
SUB F1
TIMEJF1
B

ELEM3809979
MIN=]160E-07
MAX=3.64377

- :
.160E-07 ~809%
| .404 863

5] 2%
21024§32'

26 1.61924
1521445 9)

(i) 9 KNI IR RE I, 558 E = ]

& 10

291 3.23
2 83404 |

HeEEREARS

21:54:55

19
3.643\77

VECTOR
STEP=1
suB =1
TIME=1
B
ELEM=8

MIN=.43

MAX=1.

msmmﬂl 5 5 TR 5

136

9632
D8I 3.25836

Vs 0 vy diagh
() 5 kNB Ja] [l 255 tﬁmmréwzeu

[IKgT Lo

)7WHJ@L1%M@M@FKE
W i 7

29 X &m B 04!N Y6437
(j) 9 kNI Ji [l 2 A1 Rl R i B < ]

SIHEA B A T B RE R 58 =

Fig. 10 Magnetic flux density contours plot of specimen and the surrounding air in different loading
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