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Fig. 1. The principle sketch for characterizing stress in ferromagnetic members using superficial magnetic

flux densities obtained from constant magnetizer.
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Fig. 2. Magnetic field distribution inside and outside
of the ferromagnetic member under external magnetic
field Hs(L).
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Fig. 3. Layout diagram for the experiment characterizing axial stress in ferromagnetic members using superficial

magnetic flux density obtained from static magnetization by permanent magnets.
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Table 1. The contents of the experiment characterizing axial stress in ferromagnetic members using superficial

magnetic flux density.

LR ENGREY VW) EDAAZNR(ENEE DS &S EN-1/¢- ERIRE/°C
3R @5 L SWRS82B 0, 400—800 MPa (50 MPa) 3 2224
3R OT L SWRS82B 0, 400—800 MPa (50 MPa) 3 2224
3R ®20 454 4N 0—382 MPa (95.5 MPa) 3 22—24

178103-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 67, No. 17 (2018) 178103

SR FE A9 11 0 4 AT A 2 43 A BIR 2 ] 4 3 11 T
— LK = AR O5 8 L2 = AR &7 £ LL K TE 5 EL K
T4 ML LA R 2 m] B4 A ] — L ik = AR 020 W kR
VEJBARE. B0 FE ol A T 500 22 K, B e 3 A i o
FL N 77306 B B0 K AN A A A ). SR
I3 HKE I 400—800 MPa (#5450 MPa) 4
2210 1.5 mm #2 5 F PL & 0—382.0 MPa (Hn#
AN 95.5 MPa) SRR 1.5 mm 52 2 T H 4 1
FYE: R RGN 58 B2 (L) 1 BE (L), BRI G
WEE RN =) LENEK1LS 5 ko7 N
A D20 HX 2 111 il ) %3 (m) RSB S8 B B2, (L)
B (L) = U0 51 35 {E Bl S 7 1 AR A 0% 2 43 il
Kl 4 &5 KB 6 .

12

—— 400 MPa
—e— 450 MPa
—=— 500 MPa |
—=— 550 MPa
—— 600 MPa -

650 MPa
—=— 700 MPa
—e— 750 MPa |

072 ——s—— —°> 800 MPa

10
11.2

s

11.0

54.6 55.0 55.6

Bi.(L)/10-3 T
o

0.70 f———e—
0.68

224.8 225.0 225.2

0 : : : \ :
50 100 150 200 250 300 350
L/mm

LRG3 BT AT K, L /IS IS AR 22 R R R 3
0K, B, (L) BB 7 138 K 36 K, 1 L
KB X 22 AV A TR 1 3 i R 35 /N, B (L) BE R 7
(17388 SR 9870 R 22 ARV A 5 T B ) % 9L i
Bz, (L) 5 P &4k G IR B8 BE BE, (L) B R 771738
PR dh P02 M, XU T i < 2R T U
L5 FEE PR I A i B 1) TR A .

YHEC TR, ANV A AL L AN 22 AN i
R TH] il 7] v I B R N5 E B (L) M B, (L) B
AR RAEEAS R SRR E R, R e
FE AR X 8] Py i 348 B8 Ao X ) PR R A P8 A A At
AL ELAR; T 5 371 BT IR B S ks W HtE , s E W
22 FIAN I 2 10 il 1) A B B v B2, (L = 55) B

12

(b) —s— 400 MPa
—— 450 MPa
—=—500 MPa |
—— 550 MPa
—— 600 MPa -

650 MPa
—— 700 MPa
—e— 750 MPa |
—— 800 MPa

10 fe

Biw(L)/1073 T
(=}

50 100 150 200 250 300 350
L/mm

B4 15 &5 LRI (a) KR (b) RO RIRRE = o T (8B 4022 B A8 4k

Fig. 4. The relationships of the stress with the average axial (a) and normal (b) magnetic flux densities of the three

measurement data from the first ®5 mm steel wire.
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Fig. 5. The relationships of the stress with the average axial (a) and normal (b) magnetic flux densities of the three

measurement data from the first ®7 mm steel wire.
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Table 2. The fitting results for the relationships between the surficial magnetic flux densities BZ, (L = 55) and
B!, (L = 55) measured from three ®5 mm steel wires.
ENGE TR RIS HL WAL R? n/%
. Bz, (L=55)  BZ, (L=55)=62148 x 10770+ 1.0804 x 1072  0.9925 2.25
1
B!, (L =55) Br, (L =55) =23058 x 10760+ 8.0834 x 1073 0.9986 10.24
o Bz, (L =55) Bz, (L =55) = 6.4694 x 10~ 70+ 1.0843 x 1072 0.9988 2.33
25
B, (L=55) B[, (L=55)=22825x 10-%x+ 8.0860 x 1073  0.9921  10.15
. BZ. (L =55) Bz, (L =55) =6.6807 x 10~70+ 1.0808 x 1072 0.9990 2.41
3T
Bl (L =55) Br.. (L =55) =2.3245 x 10~5¢+ 8.0650 x 1073 0.9933 10.34
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Table 4. The fitting results for the relationships between the surficial magnetic flux densities B (L = 55) and

air

B, (L = 165) measured from three ®20 mm steel bars.

RS FHIEZH VNS E( R? n/%

. B2, (L = 55) B2, (L =55) = 1.0692 x 10~50+ 0.0113 0.9833  35.98

Br, (L=165)  Br, (L=165) = —1.3909 x 1050+ 0.0187  0.9904  28.46

- B2, (L = 55) B2, (L =55) = 1.0573 x 1050+ 0.0112 09836  35.97

Br, (L=165 BT, (L=165) = —1.3869 x 10~50+0.0186  0.9910  28.43

. B2, (L = 55) Bz, (L =55) = 1.0598 x 1050+ 0.0113 0.9830  35.96
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Abstract

It is of great significance to obtain the information about the stress of load-bearing ferromagnetic members quickly
in order to maintain the safety of the infrastructure. The key point is to accurately and quickly determine the character-
ization parameters which change sensitively and linearly with the stress. Among the existing electromagnetic methods of
determining axial stress in ferromagnetic members, exciting coils are usually adopted to exert a time-varying magnetic
field on the ferromagnetic members, which will induce the problems of winding coils, coil heating, and eddy current that
influences the test results. What is worse is that it is inevitable to compare the experimental data point by point to
determine the adequate magnetic parameter characterizing the stress, which influences the fast determining of the axial
stress in ferromagnetic members. In order to break through these limitations, in this paper we propose a method of
determining the axial stress in ferromagnetic members by using superficial magnetic flux density obtained from static
magnetization in permanent magnets. In this method, permanent magnetizers are adopted to excite the overall damping
and local uniform spatially-varying constant magnetic field on ferromagnetic members. A testing probe including Hall
chip array is adopted to measure the superficial axial and radial magnetic flux density to determine the axial stress of
the ferromagnetic member. The principle is elaborated to choose the adequate superficial magnetic flux density fast and
precisely for characterizing the axial stress in ferromagnetic members. According to the theory of demagnetizing field,
the continuity of the tangential magnetic field strength and Gauss’s law for magnetism, the relational equation between
the derivative of superficial axial magnetic flux density with the stress and the derivative of superficial radial magnetic
flux density with the stress is established. Then, an experiment is conducted to verify the proposed method. The ex-
perimental results show that according to this relational equation, the superficial magnetic flux density with the highest
stress sensitivity can be determined quickly and accurately. What is more, the linearity of the superficial magnetic flux
density varying with the stress is good, and the goodness of the corresponding linear fitting R? is greater than 0.98. It
means that the determined superficial magnetic flux density can be used as a feature parameter to characterize the stress
in ferromagnetic members. The proposed method of determining the axial stress in this paper can provide a new way of

on-line detecting the working stress in ferromagnetic components.

Keywords: constant magnetic field, stress measurement, surficial magnetic flux density, relational

equation
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