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Electromagnetic non-destructive tesing of spheroidization quality
based on micromagnetic property

ZHU Sheng-feng
(Hangzhou Shibao Auto Steering Gear Co. , Ltd, Hangzhou 310018, China)

Abstract: Aiming at solving the problems of taking much time, low efficiency and operating process complex in the detection of spheroidiza-
tion quality of steering knuckle, a non-destructive detection system of spheroidization quality based on initial magnetic permeability was re-
searched. Through analysed micromagnetic property of ferromagnetic material, an electromagnetic non-destructive detection method based on
initial magnetic permeability was put forward. Based on the electromagnetic field theory and basic equations, a mathematical equation among
the output induced voltage and the exciting source, parameters of magnetic circuit was established, which was revealed the internal relation-
ship between output quantity and input quantity. A set of detection system of spheroidization quality was designed, and an electromagnetic
transducer, a hardware circuit and a software system were analysed, and then the detection system was applied to experimental measurement
of the gray cast iron and spheroidal graphite cast iron. The experimental results indicate that the measured value of gray cast iron is about
70% of the measured value of spheroidal graphite cast iron. The method can accurately judge the steering knuckle whether is qualified or
not, which can realize on-line nondestructive testing for the spheroidization quality of steering knuckle.

Key words: initial magnetic permeability; electromagnetic transducer; non-destructive testing; spheroidization quality

N ERERAREE. BRELER R B T B R —
0 51 5 RG2Sy i i R , 75 3 A 3 T

R | T, ety BRI I FROW I R T
RESE RN, ORI BT S R g ey DUROR. o o
B W R AT MO R L mﬁi;ﬁzgiﬂf:iﬁiﬁfigizgﬂ
SRR ML B s sy ) B R A R R S
R e R A AGE B Bk L, o I TR I AR

I #E B HE:2016 - 06 - 06
BE& WA WA RH R H (2015C31058)
EF B RPEVE(1980 - ), 3B WiV SN, EZ R T B 45 607 T 958, E-mail : NDT_ZSF_2016@ 163. com



5511 3

R JPEIGE TR e e 0 T o e vl JE A D

- 1369 -

F TR) L, T ELAS 5 TE B A UK 2k B S B A s A Al
H T DR 1) 1 AR R sl B B 1 1 3k DA B ok
WEARFPEAFAE 22 57 , AT R 00 4 - 35k — A [ s e AiE
AT A

ST A S — B IR R R T B AL TR
TCHRAELAGTIN ZR G, S B 1) VT R AL TR EL GG

T QA S

BREEVEY AR 0 1 T AR R A, FOR A 22
90 P R, Rl 30 e W o 010 5 o
BERORS BRSO HA IR REAL R 1 TR

4)

O

TR Y B BE B/ T

o)/
Y

0 ﬁfliiilﬁleH/(A “m™
K1 wrinmgth Rk

BATACEFENT 53 4 B BE ORE B @A
AT B s T I AN B AT B o 1 ftifin s %
Gy B ELAL T g A al 33 [ BE, ] S R A 4 40 4
R XTI M AR R E A 2,
8 DL R RIE A AEAERT , RIS RS54k, X 07 (0] 6
AN YRR A ST S ERCIR A SR, BT R R A 55
Bk R AATE TR o BT X G bR
AN FIREEE R SR P00t R S 233k vl PR 52 BRAG )
H A, [T SO ZE T 77 A R

2 YRS R o R I

N T ARG A1) U 1 S 5, 5 BEAM AR A
DN G i — 553 10 375 500 PRl 5 LA B 0 I ) 0
2epE AR Y U R R A TR A A 1) A
BREERINIE 2 FT7R

R e ———— I
N, i A

Ny Uy
/ﬁifzfﬁ”\
Ly KPR
f ; g

K2 A AR R S R A DA 5 T

Forp AL A% AR AR R 2 Pl U BR8N R A
gi@o

R T A BRI e 5 98Bl Y A b i s S B T 11
R, HH LB R ARG B e s ey A

fH - dl = 3 i

F =Y R

P H— YR I— M S REH SR i— M &
T LA, R— A5 R B, o— AT 5 Tl i o
L F— MG e R s 3

TR U RN A i S IR R L RS 5 AR
AP B L PR SRR B 1 (BB P i
45 A S e T RN A R B B @ = Bs FIREJE
IS B = wH [5G R, k2L ] SRAG R 171 e v o ek
@ HFRIKA

(1)

N,i
2, 1
+ =2+ =

Mys o MaS M3
ey g ops—U BIRELS BRI G 52V, —
U2 P 1) T8

SIAZE sl FB 5 5 8, 5L T80 i gh 5 5 wgd
HYIC R, 4 A A5 528
NN, di
Yoo =700 1, At
MiS MaS M3
s N, — i £ e i I 55
M (3) AT LA i A DU 455 5 B0l
R R ZERE (U RGeS RO A A A A G,
T 22 PR 1 A% B 2 1 4 58 S DA R B8 5 B 8 1 2
iy A AF 5 1 A8 Ak i A5 B R AT DG, AT RLIACH fi
L RAE S SR S R AR E R A
AT AR H B R AR 5 0 R 55 DX 0 O (A =
A

3 BRAR R LB IO R I &R 5t

3.1 RgEMIR

¢=7 (2)

(3)

VRAE B 1) 95 BR AL T & R I &R 4 Dl BRI a1l 3
v
@
( o )

—

K3 BRI A I 22 4 P ]



- 1370 - Hl H

T R 33 &

HL AL IR T B T IR RE R W, P R ROk A 2%
F AT AT 545 8 R 1 1E 3015 5, th T3 5 U8
(1 B R AR , S I A IR 5l Pl A2 RS O 26 P e i)
T BN RGN 5 BEAT O, TR MOR 2% -5 3 ah
28 B HH 12 Ay L T A2 RS ) O B i L 0 2l 8 5 i B R
P RIILR B WA I AR S HEA TR R e b B
R B SR B2 BTG D15 5 T 0 BB £ 5 i i )
PC P AT i S R b 2
3.2 BHEREERTHE

IR A 22 58 P i) i TR BLLE T 3, B B 1
FITEARTR KRR B TR x4, 5 RS i 7 0%
5 PRGN £ Pl B TRE IR LR/ LT e 2642 AR
37 8 % JE I E A 5, SEBRaehl ity U R e g (e i i
0. 12 mm BB ILE , BONZRE A 30 [T, K2k Fel
930 i, T COMSOL £ FRITHAfE ™ AW R bk
AIXE U B R AL IR R I R T TR T L

R R IS B T A O R 28, 7T LA
7 (e S BRI R R 5k R B SR ik S R, AT
SRR I 24 PR FiL T A 5 Bt e DM R A R S R
PETTAE A o ASHIFFE ST FEUAR ] B9 A2 SRS o R Sk o ok 2
PRk UREREA TR I , PR AR R 00 T P4 B 6 64 A
B — 20 A0 T T A5 3000 £ P 19 i S P TS 9 4
4 iR o
20F 7 ,," '\\
1.5
1.0
0.5

—
- - - R ]

TR LR 1, /(<107°V)
] |
- <
o w <@

|
—
n

-2.0

NP ERERE S TR PERERE AR IS FERE
1A /(<107s)
P4 RS R G T 2k 00 45 JR R H,

M 4 HRT AR Y, R A A IR I A5 4 J8 iz
L AR A Bk SR R 72% , A L AR B2 S0 iR A 5 v
REARHEASHIN L H A5 5 (4 R /N0 D o 52 0 IR ki
SERRAREER NI SR G2 1) T kb B it AR A
3.3 mEHEELIT

ABFE R SL BN U RUAL B 0 LA B R Bk
25 R B R, 3 1R I P 384l R ARG 00 P 2%

ARFRENAT 5 [ 5 AR sl A B A I 1 B
W T2 AT AR Ak , 3R L B SR I SS i i i, 5254
55 1E 5% 0 e A H IS R B T H 3 IS 1t 1) D R R R R G
P IE SR U & AR R R FH LR AR G s (direct
digital synthesizer, DDS) # HiAT- B AR 1E 7% % , P £F

Analog /A F] ] ADI850 it 5 1E A5 % R AR, s
HA7 32 (ARG B gs, M/, =125 MHz A3 J 5 R , H
WA HE T Af AT LA 5 0.029 Hz,

F T A% A I T i S JE T 1 S R S B O 1
S AR SZ R IR E R AN 0. 05 A, 7EA N £ 1
R Y 1 AR 5 I A /N, A i T S
KERJG AD RAE, LIS 8] & Bt RS 5. 55
R e FR 3 8432 A DR AT R HRL B T AD SR
R, A R AR B AR S A I S b T e
JROR H B AT A 5 AT O, 45 5 T 2 b B 1
F AD BEHCSRAEH R TE 0 ~ V., 111 A0 BEF i K0 15 5
MR =V, ~ + V., BT Bt b A7 B, SR )5 Pl
FHAD A7 RAE . WP T AR A ™ 0 12 7 JF
O HL S BT 8 T BB e 4% ADST841 , SRAF 1B n]
AT 3K 200 kSps, FEH A 1.8 mW,

BSR4 BRA T R A R SRR S
FEA IR IAE 5 1 R AR, AN ELR MCU HA E&E I
I/0 171, 177 H 22 45 [a] B i DR sOR SE ARSI 5, AUERA
THARIIE S AR . I AFFE R H Atmegal 23
H 1) ATmegal28 fE %KM R G010 MCU , iZAb BLE5 77
5 V ki iR KT DU 16 MHz SR8 A i, wT DL 2
AN EETT SR 128 K AT 4 Flash , AT DA7A K B A2 P
FEE .
3.4 BERGIEIT

AR AR R G0 R, ERP I TAE
TiRE: ARG LR LUS , e X B 2R AT ) 4R Ak, i
FoE TAE SR IG S KRR il Bk 2 5, SRS
PR 43 ] DDS 7= Az R 8 AR D BEOR S 5, SR 5 ik
FTRERT , SF PR AR E , R HEAT AD SRFR s RGRTR
FEAG S AT AL B, A5 B B 4 R e A T o, O HLAE
i F—4RHE,

4 SIEe MAR T

N T R ERAL oA I AR Gk B n AT, AT
FE R AINERACT 0 1 B3 BT A BRI ) R 25 8
BRAXRE T S HEA T I, 4 0 R 25 55 R U 20 31 A

K5 FoR
sl

Ol0

(a) RHER (b) BR# ek
5 RGBSR
S T SEERI R A RT He M B R R I A
L S5 3l FE R A O, 25 SR an e 1 o,



5511 3

R JPEIGE TR e e 0 T o e vl JE A D

- 1371 -

®1 RHBHRMREFHEENXE

MA(E/ (mV - A7)

# B 1 2 3 4 5
IR 799 809 796 790 816

FREER 1302 1311 128 1295 1315

ML T LAFE R B R A 0 (R AR R A
800 mV/AZ: A7, i Bk 8 B Bk A 0 1 {6 R AR E A
1300 mV/AZE A, B BRI 29 o BR 25 55 BRI 3 (H
1 70% .

ABIFFENEH] IR T7 Ik R BR S 55 ke 1) 5 AT T
b B A A U, DA S &L 6 s .

1350

1325

) WWWWW

1225

WHRAE/ (mV - A7)

1200

0 ll() 2l0 3l0 4‘0 SIO 6I0 7‘0 8‘0 9‘0 100
AEL
K6 AR/

WAL 6 o T LA H, T8 5 0 9224
7%, KIS BT R, AR 2
1 30% ML, AEIX S Rk FUER MG P 0 15 4552
WRAIFIR ) R G BEAT 1 0 I A S
Y FEASHLA RS 2 B0 1 AR S R
SRR, TSI I R AL AR

BRI LR S S 7 %

E 7 ERALBTE AL RS
5 #Euik
ARIFFTAGE T —Fh I TRUERE S R Bk =

A5 AR

FL G ORI R T, 6 T 22 55 A0 66 BRI G 5 IR e
RS TR DN FR A 5 Rl R G s 2
B SR G G S M A SR W] TR T 4G E
VLB 1] 1 BRAL BT A N R G 7 SR AT . SEEREE R
R, B BN AR 29 0 2R 5 55 2R (R A 70% , A
FHIN AL (4 22 5 BE VR ) Wi e 1) 7 2 A5 BR A, S LA
[ 15 BRAL e AR IO I A H 89

PRI ZR 5T BAT A B R GRS FEE vy ol B R A
D, X7 AT 100% 2246, A R T 52 B A sk Jo it
RGN, $HE B IR $ A 1) A R AN FH

£ 2% 3L ik ( References) :

(1] 2R SRIE RS, ER5E, 55 IR m ML 7 it
FE MBI P4 TR 201436 (4) :464-468 ,490.

(2] AU, RSO, k4, A5 BRERFREk e 0 L G A1k
TELT]. BRBTFE 241 ,2016,28 (4) :47-52.

(3] FRABRERHE. Bk Ve Bk o i ok i) TEAUAG I 25 5 1T
Tk Y], TR ,2006,30 (1) :42-45.

(4] Dk, RIGHLX R, RER w5 At 7 T Al
WIS [T]. HLH T ,2015,32(7) :950-953.

(5] XBARR, fhai B, X, 45 P e A5 7 2R A R AG I
TR ] . TR ,2014,36(9) :72-74.

[6] HIREMATH, P.S. SADASHIVAPPA, A. PATTAN. P.
Microstructure Image Analysis for Estimating Mechanical
Properties of Ductile Cast Iron[ J]. International Journal
of Computer Applications,2014,107(17) :32-38.

[7] MALAGE, A. REGE, P. P. RATHOD. M. J. Automatic
quantitative analysis of microstructure of ductile cast iron
[J]. Metallurgical and Materials Engineering, 2015 ,21
(3) :155-165.

(8] f& ¥ JETHIARE SR MBI TR [ D]. BT
M- op AL TR BE,2014.

(9] &R BEEWIIM]. Jbat . BlA ik, 2013,

[10] oMk, vifdt  alot. BREBSGE R pITERERTR ()], &
DUARZE T R4 ,1996,18 (1) :58-61.

[11] GIERAS, J. F. WANG, R. J. KAMPER. M. J,. Axial
Flux Permanent Magnet Brushless Machines [ M ]. New
York: NY,2008.

[12] 5 &, RIS, A 308, 55 WG P e e A L 18 11T
S S HRERCRIITE [ )] AL AR E41,2016,29 (1)
29-34.

ARk %)

RV BT RGP I BR AL B R RE IR I [ 1] L DA ,2016,33(11) 1368 ~ 1371.

ZHU Sheng-feng. Electromagnetic non-destructive tesing of spheroidization quality based on micromagnetic property[ J ]. Journal of Mechanical & Electrical Engi-

neering, 2016,33(11) :1368 - 1371.

CHLHL THE Y 247 - hitp : //www. meem. com. cn





