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(a) Surface integral of an irregular quadrangle parallel to
the z axis; (b) surface integral of an irregular quadrangle
parallel to the y axis.

154101-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 % 3R Acta Phys. Sin. Vol. 71, No. 15 (2022) 154101

4

Z sin 0y, k:+1| 1“ 77¢+1 Yy ) - ln(ng - ?/)L Ri+1,=0, Rppi+7rk4:=0, 771/‘+1 - y/ >0, 772 - y/>03
T

1 .

o e Z |sin O g1 |[In(y’ —mi1) —In(y = )], Ritri=0, Riyitrei=0, nfpy —y' <0, nj —y' <0,
jo k=1

0, Rp+r,=0, Rpyi+rii=0, niy —y' =0, n; —y' =0,

4

1 .

n E sin O, g1 [In(R+7) — In(Rpp14+7541)], HiAh,
=

(28)

WK 2(b) Bz, i 5 ARl AsAE S o lAPATER, DU Ay As As Ay BITRIFR 3 R AL B > = S B —
MEIE Z 0, El] Sy AsAsAs = SaiAy A, T SayA, Asay + Sasasay,, WAEEDUHIE S5, B FRAT R R

- Z | cos O kt1|[In(&f 1y — 2') —In(§] — 2')], Rp+re=0, Rppi+rei =0, &4 —a'>0, & — 2’ >0,

4
Z\cos&k er|In(z’ — &, ,) —In(z’ = &)], Rip+ri =0, Reyit+ris =0, & — 2’ <0, & — 2’ <0,
-

_J 4n
Sé'y -
0, Rk+rk:07Rk+i+7’k+i:0,fé—wlzo,fé—x/:(),
4
Z €08 Ok g1 [In(Riy1 + 7641) — In(Ry + 71)], oA,
L
(29)
(LI ), iFA AT R N
0, Azk = 0, Azi+1 = O, sin ei)i+1,
S, = 1< R2cos0; ;11 — Ap. 7 R2, . cosb; 11 — Ag. . 75 (30)
Jz i 1,141 x; i i+1 4,0+1 Tip1i+1
— t — arct HoAth.
D arctan AL Risinf;,0 O AL Rigsinf, fle

FUFEHICR, ¥ (28) 3 (30) AFFFR IR IBARRR F Ok T 1 S AT RS G 2B S, , ), A
S1 HEBR AR AR R R IR A R, HE R Sy

sz COSCvj1 COSCxj2 COSQY 3 ng

Sjy | = |cosBj1 cosfBja cosvjo Siy | - (31)
/

Sz cosvy;1  cosfBj3 COSYj3 Sz

(28) IX—(31) XY Fhp j FoR SRS 523 [ A AR N ZRUE. 12— TR0 6] 2 i 1 T AR
TP E AR SRR AT AR UL 2 IR A T A S R R MR RAIR R T, AL 2 IR AU
B ERBT S Ny

/
cosaj1 Cosaga cosayz\ /S,
n

!
Se A B = E cosBj1 cosfBja cosfBs || Sy |- (32)
Jj=1 /
COsYj1  €OSYj2  €OsYj3 /) \S

jz
WX A 2o TR SR TT B R — Ao B SRR A AR BT Rk =

T

He oz [ €083 M. , . [ cosaj1 cosaja cosay Sy
!
Hepmy ¢ = E cos B33 M., E cos 81 cosfBj2 cosf3 st |- (33)
i—1 k=1
Hem: J oS 3 M. . COS7j1 COSYj2 COSYj3 S,

P, X T REANERRE IR 5, 83 — A>3 ) S 23w e AR M ik 30

154101-7


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 71, No. 15 (2022) 154101
H,,. N o [ €083 M. , . CoSj1 COSQ COSQ3 Sy
Hupy p=>_ Y | cosp;s Mey | Y | cosBjn cosBjz cospBis S5, (34)
H,,.. e=1i=b\ cos V4,3 M., =1\ cos Yj1  COS7Vj2 €OSYj3 S’
|
Az (17) 3 (34) AT L &)@ w2 A Le=4mm, 5§ We=2mm ¥ D = 2 mm , {if;758
EREAINIE San - & Hy = 40 A/m | J5 15 2 475 TSz hifd g /g
oo = 50 MPa , JIRZ A T s iE 5, il
. . . “Q =7 P ‘Té’t_‘—u"_'_’“ E?‘C‘TS‘—H‘ M2 JH
4 AL ﬂfeﬂﬁ%&ﬁ#é@ﬁﬂ’]m&jm)&jﬁm% = éﬁf
BRI L = 1,2, 3 mm. BMESAS mR AR, 5
TEVHSE AR, e SRR 28 | RO i B Ay =417 x 107 m, My, = 1.35 x 106 A-m™!

PRRILATRE R B RO A BRZ MR N, M ROT
TPE SRR o0 A5 SRR, RS EE A BTREFF AT
SRS, A (17) XA BT iR R
JEE , FEEM) Pl 58 8 55 e Ay 5 P2 2 i) ) 5 3R 0 2 00
TR BE R/ AR B ER 1, FUHT (34) AR
GG A AL, THE R NIE 3 .

4.1 1RBVIGIE

VLA SCIE AR P T FRSOCR,, SR HTZAR Y
TR 4 P 3 A Y RS0 BE B BR R B4 1
YR o 8 H, F3k () 73 i H v A, Ferh SR

Mg =16x10Am~! B=149=0.75,ag =900,
(Na)p, =Na=5%x10"" k=152x10"% A/m, a =
1.44 x 1073 BIARIHREE L ANE 5 Fs.

HI 151 5 AT, AR B R KT i He
Skm i H AR Hy AEBREE RO A B
W RAR, 78 Bl i 20 45 30 2%t B PR A B /N AR R
17 HAESRE PO 20 6, ARk Ze A 1 2 B E
Tl BEE S = R, H, 5 H. A IR(E
/N, F IR SR A R 2L, B
IR SCRHY RS 11 S5 ik 483 J w1 AR5 5 1Y)
AL LA

FLR -

=t | i S FIUTHIRIER T
JERVACE TN > gﬁ% ﬁgﬁ | (WANSYS)il%
REFIUATRRY | posdls SRR 143 A
ST
{937 Sy
AR

ﬁz%ﬁﬁgf%ﬁ y fil

Al )52
Sl O St | ez MR T S
T e SREEFRA K& (20)3i+5E

SR (34)7% TP 3 T (3

[l 3

7T T G A 5 L Y 45 B R T A IE T S R AR

Fig. 3. Calculation flowchart of metal magnetic memory forward analysis based on surface magnetic charge density.
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Fig. 4. Shape, sizes and finite element meshing of the specimen with crack defect: (a) Shape and sizes of the specimen; (b) finite ele-
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Fig. 5. Calculation of H,; and H. with different lift off:
(a) Hz; (b) H.
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Fig. 6. Shape and sizes of the specimen with hole defect in
Ref. [21].
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Fig. 7. Comparison between theoretical results and experimental results of magnetic field distribution of the specimen with hole de-

fect: (a) Hy of experimental results; (b) Hy of experimental results; (c) H. of experimental results; (d) Hz of theoretical results;

(e) Hy of theoretical results; (f) H. of theoretical results.
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Table 1. Comparison of magnetic field distribu-

tion of specimen with hole defect calculated by dif-
ferent models.
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Fig. 8. Shape and sizes of the specimen with crack defect in
Ref. [22].
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Fig. 9. Comparison between theoretical results and experimental results of magnetic field distribution of the specimen with crack de-

fect: (a) H of experimental results; (b) Hy of experimental results; (c) H. of experimental results; (d) Hz of theoretical results;

(e) Hy of theoretical results; (f) H. of theoretical results.
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Comparison of magnetic field distribu-

ferent models.
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Fig. 10. Comparison of effects of stress concentration and macroscopic crack defect on the distribution of magnetic field distribution:

(a) Hg of stress concentration; (b) H, of macroscopic crack defects; (¢) H, of stress concentration; (d) H. of macroscopic crack

defects.
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Fig. 11. Influence of stress on H, and H. of the specimen with macroscopic crack defect: (a) Influence of stress on Hy; (b) influ-

ence of stress on H, .
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Fig. 12. Characteristic parameters of magnetic memory detection signal: (a) Characteristic parameters of H; (b) characteristic

parameters of H .
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Fig. 13. Influence of crack defect width W, on magnetic field distribution: (a) Variation of H, with W ; (b) variation of H. with
We; (c) variation of AH; and AH, with We; (d) variation of Wag, and Wag, with We.
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Fig. 14. Influence of crack defect lengthen L. on magnetic field distribution: (a) Variation of H, with Lc¢; (b) variation of H.
with L ; (c) variation of AHy; and AH, with Lc; (d) variation of Wap, and Wag, with L.
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Fig. 15. Influence of crack defect depth D on magnetic field distribution: (a) Variation of Hy with Dc; (b) variation of H. with
D¢ ; (c) variation of AH; and AH, with D¢ ; (d) variations of Wap, and Wag, with Dc.
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Fig. 16. Influence of crack defect buried depth B¢ on magnetic field distribution: (a) Variation of H, with Bc; (b) variation of H,
with Bc; (c) variation of AH, and AH, with B; (d) variation of Wa g, and Wag, with Bc.
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Abstract

The magnetic dipole theory has been widely and successfully used to qualitatively analyze the testing
signals of metal magnetic memory (MMM) testing. However, the magnetic charge density of the existing models
is always an assumed value distributed uniformly or linearly along the defect section or in a stress concentration
area, as a result the existing models are unsuitable for quantitatively analyzing the metal magnetic memory
signal. In this work, a new forward model of MMM testing is established by considering the influence of uneven
stress on magnetic charge density distribution, discretizing the specimen into numbers of micro elements firstly,
assuming that the magnetic characteristic parameters of each element are evenly distributed and the magnetic
charge density changes with stress in each element which can be determined by combining the modified
magneto-mechanical model and the classical theory of magnetic charges. Compared with the experimental
results of hole defect and crack defect specimen, the theoretical results calculated by the proposed model prove
to be in good agreement with the testing results both qualitatively and quantitatively. Consequently, the
proposed model is a new theoretical and quantitative model for analyzing the experimental change rule of metal
magnetic memory testing. Then, the effects of stress concentration and macroscopic defects on the distribution
of magnetic field are analyzed, showing that when there is only a stress concentration in the specimen, the
horizontal component is negative valley, and the normal component changes from negative to positive valley
peak in the stress concentration area; when there is a crack defect in the specimen, the distribution of magnetic
field is just opposite to that when there is only a stress concentration. The distribution characteristics of the
magnetic field can be used to judge the damage type in the specimen. Moreover, taking crack defect for
example, the horizontal and normal component of magnetic field and their characteristic parameters changing
with the size parameters of crack defect, such as width, length, depth and buried depth of crack defect, are
analyzed in detail. The results show that the Wapm, and Wapm, increase lineally with the increase of the width
of crack, AH, and AH,increase with the increase of the length and depth of crack, but gradually decrease with
the increase of defect buried depth.

Keywords: metal magnetic memory testing, magnetic charge theory, magneto-mechanical model, forward

model
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