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Circumferential magnetic Barkhausen noise distribution
and plane stress measurement

Zheng Yang', Zhang Xin'?, Zhou Jinjie’, Tan Jidong'

(1. China Special Equipment Inspection and Research Institute, Beijing 100029, China; 2. School of Mechanical
Engineering , North University of China, Taiyuan 030051, China)

Abstract ;: Magnetic Barkhausen noise is sensitive to stress, which is an in-situ non-destructive stress measurement technology with
convenient operation, high detection sensitivity and good repeatability. It has broad application prospect in residual stress measurement,
stress concentration zone evaluation of parts and bearing stress evaluation of structures. The measurement of the maximum principal stress
and its direction during the measurement of the plane stress on the surface of ferromagnetic materials in engineering is an urgent problem
to be solved. Proposes a plane stress measurement method based on the circumferential magnetic Barkhausen noise distribution, and
establishes the solution of the plane stress tensor. The model realizes the demodulation of normal stress and shear stress in any direction
of the measuring point. Experiments have verified the effectiveness of this method. Measurement results show that when the principal
stress is greater than 50 MPa, the measured maximum principal stress direction deviation is 10°, the maximum normal stress deviation is
5 MPa and the maximum shear stress deviation is 6 MPa, which has high measurement accuracy

Keywords: circumferential magnetic Barkhausen noise distribution; stress measurement; plane stress tensor; principal stress;

nondestructive testing
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Influence of residual deformation caused by surface

LA EEAE T AL AR HOR AR BT E R
e BHER S PC I SRR . 2R N BT IT R
i U A gest MBN (2085, 28 m U RIREHE R A
S, U RUREHE P AR 7 S B B e B, U Rl HE
Ui 2 10 mmXx 10 mm B 77 VT8, RN HH o i 1BV BELA
20 mm, PR 5256 P I R A 0 g AT LI & LA 20 mm Dy
BB DX -2 0 o FACRs Py Bk S A S 2
CEmRp Lt . LR ARG AHER A 6 Fion, Skt
e PC s PR 5 A A f R M BE 1R , & T R
RAHEAJEGAE U BIGEHE b B 2 bl s Xl il 722
WAL , A1) MBN {575 th 2S8R SRR gl 28 1l
RS2, ZAT B B R SR AR AT R 4R,
AL PC 3, SEE R AR 50 Ha B9 IESX AR
AR AR T, AR T A i B JRCAR 1R S I (R Y
0.097 V, IhFRMCRARHIH 450 20 B, THiF EHOAAR AYHE 4
40 dB SREESIR H 0. 5 MHz, 5 AP RS54 18 U Y
R HE S AR AR S R A

AR RMS {152 MBN (45 5 R (ELHEAT B 77
il o 55 AL BT AT BTk, i 7 B, 18 7(b)
I TCI RS IS B B R 4R R 15 5, 20 i B



80  #% M £ % B42%
bl ) B, H AR
— ThEBKE R RER [
RMS = [—3 X; (13)
n =i

W

[]

HEHL

T

HEBA®E  HIERENT
B 6 ol R g0l

Fig. 6 Schematic of experimental instrument system

B S SEE Y

|
=3
<
w

Tk

0 005 010 015 020 025
I & e/s
(a) BBhE 5

(a) Excitation signal

E) 0.05 0.10 0.15 0,120 0.25
B /s
(b) BB R B WSS

(b) Received original detection signal

-0.10

|
35}

R MBN{E S/ vV

BRI JEMBNAE S E/ vV

0 0.01 0.02 0.03 0.04 0.05

I IA)e/s
(o) BB FRRNES

(c) Filtered detection signal

B7 MBN 6 8955 Ak 3

Fig. 7 Signal processing in MBN detection

JEABHIE 7 () BRI MBN 55, 3 LR T 5 3
3, S BRAE B RMS 3R 1) 1000 4~ MBN 305 5
RMS {E X4 MBN f5 5 3RBE SO )r R I3,

Hod, X, SRR 20 i B e S AR A B 4 i 1H
548 R, #E RMS T8 MBN A I BFRZE R
5y R EEE RS RRE I RMS B, [R] IR Rrds /N 0 I A 5K
PEIREL A oallh &

8 HEgy T A SR R G A SO I A5 R, RMS
{H 5% MBN 8 i 56 &, /T RLE 1, KT 400 4~
BAG , RMS {EH7E 0. 069 33~0. 069 40 V 5 Bl P 3 30 , %
RN, B TRGE, F b A ScsL e+, R AT 1 000 /> MBN
{55 W AT RMS {H,

0.0700
# MBN-RMS
0.0698 | %

0.0696 £ 3

MBN-RMS/V
#

0.069 4 # " 5 L
B oy e F gk

0.0692

0 a0 40 o0 #0100
WEAK
K8 RMSHSTHE RN MBN SR K FR

Fig. 8 Relationship between RMS value and numbers of

MBN wave-packet used in calculation

2.2 EAREHETE

B S RS AT 0235 BERHIG MBN 4L
SERE ISR X R BEATAR o 5 ANRRLARBL -, X
PESEF R L S, 2ER IRy T W B 7 1) b
) MBN 35, e el B A R L T 5
e 5 F1 94 O~ 200 MPa, 6] 10 MPa ) fit,
YRR b R RO AR 3 TLAE
Rl R T BT 5 YR 36 LT 4 (8 1R Sy AN g
FU MBN {55, RIS R S U, B IRLRE G Wit
B 5 YCHL R T2 AR S R b B

SN O BRI E I, B9 5k S
45#4 MBN-RMS {8, R & >4 25 4~ MBN-RMS 1§ [#)F 1
{8 SRR I RE A ARZS R 5 MBN-RMS {8 0 {8 2
3 AT TS T L, A FA RN

Y= 2071362.71 - &° — 546 362.69 - x> + 52 411.77 -
x — 1694.24 (14)
PR AT AR B F 45 8. 1) MBN #54E (L RMS 15 iE 57 /)
/NAT BTN X R 5 2) T TS 1 2 b (L PR RS
B IR T RMS (8500 A7 00— X BBt 56 28, M T
T LIk RMS 78 51 TE 1 37 00K/ 1 3) 1 7 0 A B 152



% 6 ]

KB BH A i 1 L SR S AR A K T g 81

LT, FEIER FM 0~200 MPa (25 4k i, MBN H54F (i
RMS M 0.068 9 V A5 {kZ| T 0. 107 8 V., ZEM& 8957
JLFE P9, RMS fH & K48 3h o0 0.001 9 V, & /M43 Ny
0.000 8 V, 5 K25 H IRTE 0 MPa )i} JJ{E I, £ /NE Bh
HBLAE 110 MPa [ S {E R, %07 507 JibR 52 B K2 N
13 MPa, 5i/NR2% % 3. 6 MPa,

200
+ RMS

180 o RMS Average
RMS fitted curve

160
140

B3/

0.070 0.075 0.080 0.085 0.090 0.095 0.100 0.105 0.110
MBN-RMS/V

K9 RIJj5 MBN-RMS 77 £k
Fig. 9 Calibration curve of stress and MBN-RMS

2.3 FmE MBN NEFEE A FH AR

Az A B e e A AP T R 7 K e
HORIRIE 2 FrEET MBN 454 & RMS J i 434 -8 1
N 15K A B RS R, R PO AR S TR IR
PRS2 B A5 i I R VL 3l DX 7 1
Frik A A, B RS A B B ARME, TR RAEE
T2 T B 7 N 1 S HR (.

FE/NRURLAAL b AP EA TR, InERbE 77, FEAR
P F MR A1) L MBN {55, Sl R il 4
PPEIEASTE I, DL 10 MPa B9 [H] M 0 MPa JT-44 A W
%] 200 MPa, 7ERE I 71 T 2R 2.1 FRBF iR & R 40
DU B A I HH 0 5 4 DD 1 i 2 S SRS 5 S A0 A

JE 1) B 2 S 58 TR M 75 15 5 00 o A W S A, SRR R
ANERAE 10 JiR  FERE—R T, 0o h BRI &,
P VE 7R e 1) Te) By 5° e i, 75 51 0° ~ 180° i 2
TEEFRME R S . T U BURESE R B9 BRI
180° ~360° [k I 52 25 A5 M 75 43 A1l 0° ~ 180° 14l 1 45
FXFRE ],

Refil Iy 1)

10 J& s MBN i & P

Fig. 10 Diagram of circumferential MBN measurement

ORT R UE X X R 48 A 09 IE 6 P, 7E S0 MPa Fil
100 MPa $i7 57 3 NI T IR T 360° AR L re ZE 4R 1R
G, [ 180° &5 R AT 7 1, S5 R W 11
Bz o H2RERW] PN 180° )5 AT R PR 2 69 4 18] 23 A
P 55 360°745 2 B (&1 58 4 E . PRI AT DA i H O i
180° )1 12 s 5 4% W P 15 9 7 AR EA T~ T 360° 1A
BTSRRI (5= M A 5T

Ayl

(a) 50 MPa (b) 100 MPa

& 11 & 180°41 360° i) MBN-RMS % Lk &
Fig. 11 MBN-RMS comparison diagram when

measuring 180° and 360°

3 SRMTE

3.1 FREEAERTEIR MBN 5454
NIRRT B9 MBN-RMS {H & [ 5375 a0 1 12 JiF s .
HArE 12(a) 4 H T 0.50,100.150 F1 200 MPa it MBN
FRUE(E RMS R JE 1) 43 A5, hL A B9 J7 m) Ry 90° 0 270°, i
K 12(a) 0T LAE W, FE R SRS T, 8 17 MBN 4345 L
- —IE B, A AR SCH BT AS R AE JC R FIRES T A R
TFRREAS [ R Pk . R 3 38 K B3 #E +, J& 1] MBN-
RMS 43 2B B 58 9 5 1, 78 3 KOE R ) O 1y, B
P77 1], MBN-RMS {E{ 34 5 A 5 /6 5 BRI 7 1) L, B
T KB R 375 18, [ i e 1F R f A& 9 97 1, MBN-
RMS {6 LA £ A AL, B 7R 90° 1 270° 7 i) L
TER Sy B Kt FR v, 00 F0 180° J5 [ | B B 7 7 1 i 2 344
K, {H 0°F1 180° 5[] I #) MBN-RMS {E#1JL-F %A 75k,
XAGEN T A B LSBT S MBN JLT-3A 0,
B 12(b) B/R T 45°.90° 135° i fA & I~ MBN-
RMS {H R A 7] L 0F R A KR/ANR AL 2R Il o]
A1 ESANF BE I, MBN-RMS i 5 IE ¥ A1 % & 2 L
HA AT AT R AR A AR, AR AL At =] A A
25 I MBN-RMS {6 5 I Jj 58 & —8, X AHEH, 7
AAN B B, MBN-RMS ({8 58 4 B 1E W 1 K/ h s,
eI FBE I 5 R AT AR 4L, R A BE 2 — 25 B
ifii MBN-RMS f{E 5850 1 K/ Bk, HEE, BATERE
15 MBN-RMS 5 1F 3 1 996 28 5225 Tkt Bt 2 B i e ik

HIZE I8



82 s XK 2 R

Ha2%E

» 0 MPa
+50 MPa
100 MPa
150 / A o 30 & 150 MPa
: & \ =200 MPa

Ry

. (e avestl N
210 130

270
(a) RIS T BB L R FIMBN-RMS A [ 4 A
(a) MBN-RMS circumferential distribution of sample
center point under different tensile stresses

200F 4 450
. 90°
150p  ©13%°
g
100} ° ., A
R Lo
= .o &
50 ‘A-@dﬁfo
A40°
R
o8 | .
007 0.08 0.09 0.10 0.11
MBN-RMS / V
(b) A [FIEhRE S BE_EMBN-RMSBE %7 [
LIERI A HZR A 2%

(b) Variation curve of MBN-RMS with the normal
stress in this direction at different excitation angles

B 12 #5072k MBN-RMS {8 11 4317 &
Fig. 12 Plane distribution of MBN-RMS values under

various stress states

3.2 BEENAKRBFEERL AN E

FIAHES 197 T3 (9 7 vk R gV 1o 7 7 1 — A A5 3R
R 1) W IR MBN R {8 5 1) 5370 B, 7248 3
B2k MBN-RMS Ji] [u] 53 A7 ¥l o 2) 1 %€ 3 1 7 Jr ) Fl
K E/DIEN B . FEA T 387 MBN S#AEE 7] 3 A
P E, =0 05 8] B S MBN R AEAE B K B9 05 BT 7 AR
H ARG 1, 7T MRS 2 M e o AR MBN
FHEE 5168 7 6 FR M hm 8 #th £k L, mT Ao e b 207 )
Jr e _EIERN I, B R RIERN IE. 5FERN 107
Tia) 3 L A6 5 [ Ay B/ INIE N 3 7 1l () BE T MAAA B MBN g
AEAE 55 0E I 3 56 2 M AR A I 26 e/ INIE R i 3) Al
FH R R /N E R S E A (1) Fn(12) \f
VIR s A 7 7 ) %) TE R 7 R Y 1 74, AT 8 4
)8 DX A4 TR AR

& 13 R 25 1 T 10.50,100,150,200 MPa $i7
I J37F R MBN-RMS R fi S 161 8 7 B9 77 v A 98, IF
He TR SIS EZ AR E 13 (a) HEN
R4S MBN-RMS J& [n] 43 41 B )5, AT LAAR 25 5 ML 0 o i

IER I3 F 8 /IN TE R 3 58], I %8 3 WA 1) L 1
MBN-RMS ff , -1 — 2538 7 i i 2 B AT 6 2 15 1 F7 109
Fo/ho A 13 #110.50,100,150 200 MPa T, #i & 1) 3
N7 A 45 0h 135°.80°.,90°,90° ,100°, &% K W 14
B 24 55,104 153 203 MPa, /N5 H40518 9,10,
15.6.2 MPa, f F 1 ) 77 1] L 5 K QE W ) Rl /INE B
3AEMAXIL) FI(12) , By sk AR 2 07 7 b 1 R
FIRGIRL RN, B 435Ik RS R ANS L R T A
(ERSIEL SN =1

SYHTE 13 OANTRR F7 F OB S RS (A iR 22, 7]
PLRBR, 2457 1K 4 /NaE, 4 10 MPa B, 2453000 &
N A1 1) 5 FS RS T 45°, 1E R S RBT R S{E S #e
{E R KA 2433 14 MPa 1 2 MPa, X & i 1y 738
NS B G IR R 45 T SR /DS TR B A2 ) MBN G I 4%
WINRGIRZE e RIRZE D =10 MPa, [H /N
REJIEE &R 2% K, #F 50,100,150,200 MPa Ef, il &
BN 3200 777 ) 5 ESE R 4% 43 524 10°,0°,0°,10°,
WA IE N ) 5 IS IR K 2553 3R 5.4.3 3MPa, i
SN SESE R R RZE 250 3.6.2.1 MPa, 7]
PUR B, 240 T EEAI, 30 F7 77 i 0 A2 1 2 R KU
AN KRB KTF 50 MPa B, IR 22 B AR /N, 0 1l
Il Fe KA 2 10°, TE R 7 FA5Y 7 7 8 55 SV R 09 Joe KM 25
43314 5 MPa £l 6 MPa, H {835 1 71 ()38 K 1E I g {8 A
BYRAE M B R 22 LT AR, FE A RFIRERE.
K 13(a),(d),(g),(j), (m) Ui« < MBN-RMS
(Bf7:mm) 5 K 13(b), (¢), (e), (£),(h), (i), (i),
(k), (1), (m),(n), (o) T =F,T NfAME, A SO0 EE
fH(HA7: MPa); B 13 (a), (b), (c) i 10 MPa,
B 13(d),(e), (f) }y 50 MPa. & 13(g),(h),(i)H
100 MPa. & 13(j), (k), (1) Jy 150 MPa. & 13 (m),
(n), (o)} 200 MPa,
3.3 MBN-RMS EiEKBEEEH

i 3.1 794536 MBN-RMS H 5 1E ) iM%, 557
NEFIAAHG , HAE TR PR T , 45 0518 L 1ER ST iR
/N5 MBN-RMS [ xf 3 56 &2 —4¢, FEIE, 7T LIS 1R A
MBN-RMS J& [is] 437 P K A V- 1 1oz 3 04 573 b —Bh vk, B
#£15 3] MBN-RMS Jii [ 43 77 & 5 , 1 B2 A B A B E
£¢ - MBN-RMS 5 1E ) 7 B3 0 ¢ 25, % MBN-RMS {8 #&
SRR R JE , T AR AR - 10 7 7 RS T T2 i b 507
] b (R TE R F7 430 , S5 ERT- TH 7

LNl 14 firR 2y 90° J5 [l b AT, 25 7 ML 10 MPa 34
T 200 MPa, 3 10 MPa Il 275 5 () MBN-RMS H %
SRS TG IV 7 B B (B S S E X HE AL, 38 1 PR
K-S APl a8 b= [ ES Al 1 ES B NE S |
B, TTRUR IR, 240 17K P3N, 1 10 MPa B, 0 875
FH F R 17 0% T 45°,20 MPa 30 MPa i 7535 1Y



% 6 ] KB BH A i 1 L SR S AR A K T g 83

210\

240 240

770 370
(a) 10 MPa MBN-RMS [ 43 77 (b) FRR R &5 ) B IER I E (c) fEVA &7 I B BT 0B (d) 50 MPa MBN-RMS /& [ 4} 1
(a) 10 MPa MBN-RMS (b) Distribution of normal stress in (c) Distribution of shear stress in each (d) 50 MPa MBN-RMS
circumferential distribution each direction by demodulation direction by demodulation circumferential distribution

90 0.15 90 150

(o) AR B 1) L 1E M E () R 9 & 7 e BT (g) 100 MPa MBN-RMSR {4345 (h) R A& 77 I L IEM 348
(e) Distribution of normal stress in (f) Distribution of shear stress in each (g) 100 MPa MBN-RMS (h) Distribution of normal stress in
each direction by demodulation direction by demodulation circumferential distribution each direction by demodulation

90 0.15

120 60
150 AT 0.0’{
COET S TR N
0180 . k : ‘>§i 0
S
30 9210 e, W 330
270 270 270 270 300
(i) FRR R % 07 1) L BO R 318 (i) 150 MPa MBN-RMS /A [ 434 (k) R & 77 i L IERLAE (1) BRI & 77 i L BY R AE
(i) Distribution of shear stress in (j) 150 MPa MBN-RMS (k) Distribution of normal stress in (1) Distribution of shear stress in
circumferential distribution each direction by demodulation each direction by demodulation

each direction by demodulation

150,
1
HN

180 ->§ E-

o
"ae

210

(m) 200 MPa MBN-RMS /& | 445 (n) R J5 1Al B IE R DI (o) fRVE 457 IRl EBY R /A
(m) 200 MPa MBN-RMS (n) Distribution of normal stress in (o) Distribution of shear stress in each
each direction by demodulation direction by demodulation

circumferential distribution
Bl 13 FEAR R 7 RS T P Gl a0 AU MBN-RMS 4375 1P T R 7 ARSI B 45 2R

Fig. 13 MBN-RMS and stress distribution at the center point of tensile test sample under different stress states
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Table 1 The principal direction of stress and the
magnitude of principal stress in the measured plane under

different tensile stresses
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