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Abstract

Two important physical phenomena are observed in the practice of magnetic particle
inspection (MPI). The first one is that leakage flux is present in the defect area of the work-piece
under inspection. The second one is that magnetic particles aggregate in the vicinity of the defect.
These phenomena manifest the theory of flux refraction, which occurs in the intersection area of
two different magnetic materials, and the theory of magneto-static force, which is experienced by
the iron powder in a magnetic field distribution.

Two electromagnets, made of cast steel, are aligned together such that the leakage flux in the
air gap forms a fringing field distribution. It is this magnetic field distribution that simulates a
defect area in a magnetized magnetic work-piece. Since the permeability of cast steel is far larger
than that of air, the direction of the fringing field at the surface of the electromagnets is almost
perpendicular to the surface. Such a simple geometry renders an analytical solution to the

Maxwell’s equations.

The magnetic force of the magneto-static field exerting on the magnetic particle, an iron
powder in this case, can be derived by using the principle of virtual displacement. We obtain a
formula of magnetic force, whose direction coincides with the gradient of the magnetic flux density
and whose magnitude is proportional to the magnitude of the particle volume, the magnetic flux
density and its gradient. This formula also agrees with the observation in MPI that the magnetic

particles aggregate in the vicinity of the defect.
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C 1.8803x107* TR (B i Bhi AR
M 1.4931 dyne TR (B i JeE R S
T 1/30 sec B RERIALE x < HUSREH]
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PR FH BRI S 22 SRR 2 AR B i » TR B 43 i vh A1 T80k
Fris2 JJBLEB B - K5k 8-1 < B Eg2 By A (8-1)8i(8-2) = Al A H g — SR« Tia
RN

1848 gauss, x<2x10" m
B(x) = 800x10° gauss, x>2x10" m (8-3)
1146.3+ 2500000 x
Ho x DU (em) SRR 5 53— 51 » B A =it (gauss meter) B jHI SR PR BiLig %
ﬁzzi@zaﬁ)%édZDTi% -

2% 8-2 SRS i B eiom A 2 BRI E

—HH SR 55 AH S
0 HIE(x) T 5 (gauss) IR () T % 5 (gauss)
-1.65 1825 -1.7 1856
-1.45 1825 -1.5 1851
-1.25 1820 -1.3 1848
-1.05 1821 -1.1 1833
-0.85 1811 -0.9 1823
-0.65 1805 -0.7 1838
-0.45 1799 -0.5 1846
-0.25 1802 -0.3 1842
-0.05 1827 -0.1 1831
0.15 1769 0.1 1847
0.35 866 03 985
0.55 517 0.5 467
0.75 353 0.7 331
0.95 251 0.9 236
1.15 196 1.1 168
1.35 155 1.3 136
1.55 125 1.5 105
1.75 100 1.7 84
1.95 81 1.9 68

8-2 [5(8-3)x0Z B(o)fhfRElFe 8-2 (2 FrfIfiEr . Lz -
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T T T
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& B EEEIRIR
—EwE |

1800

1600 |

1400
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g b S— - - — —
600 |
400 |

200

0-2 -1.5 -1 -0.5 0
x(cm)

Ul 8-2] FERESRSR PR S BLB Rid5 < P A i B LR

FR(8-2)ZU AT AR PRIGE A L B, K/ INGESaSs T RS i » cist S PR R A Bl
RATRER -
7% 8-3 i P S P T i T T
g=4mm g=8mm g=12mm g=16mm
o HIE (gauss) 1853 973 704 522
HIEm(E (gauss) 1848 1065 748 576
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: ; : { O il
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> : :
© i <
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o® :
; © : H : i
1000 F- e - U |:| oo cciond i ST ey
6 2
@ :
500 i i i i i i
0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
x(cm)

(i 8-3] S bttt 7 Bl S P e FEE ol R
= TR IES) ) HERR
BAI ABNT S B AT Bk VY S SO AR B 52 J e B B 4 15% 8-3 s

7 8-4 SRy RERE B

S BEGE | B OAIBGE | BB | SR
k x, (cm) x, (cm) x, (cm) x, (cm)
1 0.8 1 1 1.2
2 0.66 0.65 0.86 0.92
3 -2.56 -3.41 -2.29 0.5
4 2.7 -3.69 -2.43 -3.35
5 -3.63

FERH T BRI R H SR MR > TEH B ASRRR P (x, < O)AYIRFfEI 3B 2T
£ 3T (TF 130 F)) NS VU E IR g (RF k) AZiE BNl A A 225 > w]
FRAEERARE S R > IR R SRERE HRhpl 75 HE ok () Bl X B P 7
HIAHAT -

B 8 A SRR < R B HE R AR x, e R (v, = %)
BN (a, = X, ) > AMEM SRR REESARE ¢ By BE )0 i 8 M (A% 8-1 Al ) » 4l

ULERERT R H NSNS B, S8 H e ) - 21(4-23)=0Frs1]
F(x)=mv,(x)+cv,(x)+ Msgn(v,), i=1234 (8-4)
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FOBHRFIIERS - 10 F, FRHERL . M) - BUEHER < #dT) - efifr(8-1) IS i

o A (4-20) 2 AEH
vk,

o (ky + k3x)3

8-4 MRS VU R EFF. L 38i%185 7] F, B Gm{E F, < LR - SEREA RS - (HE R RERAINL

S0 e R FER LB T R s BRI -

F,(x)=~ (8-4)

ERRES EHER 7T (dyne)
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30+ N V‘ ~
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O ZEVUAR B BB
T mE
60 H
] | | I I
-7%.4 ) > 0.7 0.8 0.9 1
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8-4 S5 REhIG s S Ry Tt DY AL AR B
VY ~ B
" SRR AT B ) B Tk 2 B E e MR BT R AR »
JEMEI3HT(qualitative analysis)fG ARG AWTE Z G > JRE]D -
a G ERA R R P FH ) i i FEE (G il 7 PR B ok DR B T (P ot
FRER N 5 o
b BRI 3 FIT I e R R S L rh o SR REDRE 2 Al )] - T o HE B AR
bz o LRI PRI < B A
C AERGEA A FE S| < BRIECRIED N » BT IR » DLEGE AL S50 52 RIS < Bt
PREFEE B g PG E FH TTTRGEE. » BrSF BN RIE Z Y -

E &5 HT(quantitative analysis)g gt 2l |
1. T RSB O AT B B
AR ARG 9 I PR HE S IR R TR s AR EE - EMIE S e 22
Rz —AEMI AT (4-13) - Bl IS SR BN ZUREAT (8 8-2) » MERRG=RE & IR e
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[ 9-1] S iHRL BB B RR e E (V) B 1%
9-1 UZRETIRREFE C2 2 MBI AR E AR SR (N) > TR C3 5
B PR ] 3SR HAEEN SRR MR N T B i R (4-13) 2 Bl
fH -
AACHE RS PR R < BERAIRTAEARBRES TR LASS - BT LR - B4t - FER OISR
LEFRRENE ~ AR ARSI EE S e LT - 12
PRI MPERE S5 AT BEARACE B B RS HE -

2. Tk B E

AT B R TR R Ry » FLrP R R SRS SR RN B (R Sk AUBR SR (30HZ)
BEAER RS ISR RE LR 2 L (NTSOREHE » AT & AR w5 B B B G s e e
HUERSEPR IR > DA VSRS S8 - ANAE SR L SR R E ST TR AT -
B A > | AERRINIERS) - AT B RS R IR -

FESEHUES R Z IR T > Al ZERie )R/ N (4-20) Fo (8-4) . B G LB ] <5
(order of magnitude) > &= I TEBER(AIE] 8-3) - (HERIFARITI NN ~ PR EAET TR
EATHIIMHIA] - ARACEARE R R BIE > RAHENIABENESR 2 I EETi () - LIg sk
FERLLETT TR - 0 HE s R E & - JIE A DI -

BEAt > Sk RERL Bt b B R IR IoRAE e - SRR (St 1~ - HP
ARLLUE BRGNS RS B » DLESUR G5 ERE AR A B Bl L MERfENE - (A ST
IR PR ERHAE
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