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Magnetic Mark Method and Its Application to Measurement

in Industry

Hideo TARAFUJI,

Synopsis:

Tsugio ISHIDA, and Riichiro Kusaxa

This paper describes a unique non—contacting technique for putting and ditecting a magnetic mark on
a traveling strip or wire and its application to measuring systems of speed, length and so on.

The speed of a running strip or wire can be measured according to the relation V=L/T, in which V is the
speed of the mark on the material, L is the distance between the marker and the detector arranged along
the direction of travel and T is the time interval between the marking and the detection.

Both the marking and detection are done electro-magnetically as explained in detail in this paper.
This technique is applicable to the speed meter, reduction ratio meter, and slip meter, and further to
the precise measurement of whole length of strip or wire.
Some equipments have been installed and are being used in works, of Nippon Steel Co..
(Received Sept. 29, 1972)
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Fig. 1.
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Principle of magnetic mark method.
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Fig. 2. Effect of demagnetizing field.
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Fig. 3. Effect of type of magnet on the patterns
of magnetic field induced on sheets.
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Fig. 4. Magnetization characteristics of rolled sheet
(SP1, A=0mm).

Ex851Cx, MLIrOESLMEBLELRS.

® Em» SO E RS OE S (Fig. 6)

AEEm» S #Ehs &, WHOMITRFERH {7k
5. ZhiRBicx o 54 U TOWRT— 7 DMmHBIcEE

BREE DT 5.

® Mechanical Hardness 3 Magnetic Hardness

(Fig. 7)

XML TWE XS5, LRMTE, BRaEE
EHARHER R EELERED D, —RICHEEOKREW
P DIF ERIEHE DT\, Fig. 7F T X 5K, F—
HEDE DT, WEOHEWHIZ EBRMEN L S EDT
WHH, THIXEWD DI ERE LN R Z CHEED
BLEDTWHRDLEEZLNS. L LHESERR
ERAREDARE S ELDH D, ERME LREOCRFRIT—

6.—
5..
—~ 4 _
2 S-1 .
3
o
(G]
~ 3
T
-
]
E 2 $-4
Q
&
(=]
= 1}k S-8

] | ! | I 1 { ! 1 |

0
SO 40 30 2010 O 10 20 30 40 =0
X (mm)

Fig. 5. Distributions of the strength of magneiic
mark, Hz, on the surface for wvarious
samples S-1, S-4, S-8.
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Fig. 6. Relationship between peak values of ‘Ma-
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Fig. 7. Relationship between magnetic hardness
and mechanical hardness.
Annealed : 1 000°C, 80 min, in Ar atmo-
sphare, Sheet : SP1.
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(a) Marking by application of a pulse field.
(b) Marking by continuous application of a. c. field.
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Fig. 8. Magnetic marking methods.
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(detected by difference method).
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Fig. 10. Leading shift of magnetic mark due to
magnetic hysterisis.
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Fig. 11. Magnetic mark lag due to a time lag be-
tween marking instruction and marking
execution.
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Fig. 13. Detection of magnetic mark on a turning
sheet by Hall probe and pick up coil.
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Fig. 16. Process model using a turn-table.
(2) %
Gf%) [EifiEMHiIR7 2 €2 € F 0 Photo. 1
(&) Fig. 16
¢ [Blfs PIAR Wﬁlﬂm
: BEAR XUERERE (f =50Hz)
F—VEFEH t%%l\/}ﬁﬂﬂ:&lﬁ
T~ (¢ DEF&E FIRICAERD)
25T T x PRI U RS RHEARIRER
25

Pe D3l % BkEE TR
T:o=%7—~%ho 22—
(FEk) PRz —EEECREEETRE Ty, Te %

#aE LiAIE Ue.
Ty« 7512 DI E C DRSS
Tc: e~ — o B—ET 550

SEPCIN Ea

(3) #&HR
@ BlEHE
FHEE 413, AR I R T 5 R LIS EZ =T .
AT/ Tc—Tw/Tc|
4= METE 100 (%)
V A

20km/hr 00222,

30 0-013¢,
@ &
AR T OBEIEKERETY, ROBYTH 5.

BIEREE : £0°03% (L =1m, V =0~30km/hr)

B. ETRHE

FWEELECRINT, ETEZIEECIBET S 2 213,
BEE SHEHEEL BEARETHS.

o — VA, HEIDRE X X USEHER FRER Ay, b,
Vi, Vo EThiE, ETZR BZRKRADX SicFELEBZA
[ELBIE E Y i F RS I oo, BROE FTERSHLE
BEoEHEAvwTns

EErobrs i i, ETRFELTHAVWSESK
REERVELETHOT, HEXOLOOHEFEIITE
DDOTHVHENRERINS.

TR, AHlloF 7 v s 4 —o - oRiEEEFIH L
TEY, F1 o 2oLk v, BLRE %R
Bl E2Tw53, o— VO, o — LR o
2Y v L, v ol & OEREERIC 354 5 SR O i RS
AT 5. ROEMEEE v —VEEEDEIC X

HIREILE DI, TLTERETE BRI,

(1) Hk

Fig. 17 @R¥T X 5o - v AHAICHER B2
BV, HEE Vi, Ve QlllEN DS, ETRRZ kD 5.

(2) =B

(Ral) A &l 5 MEHIE ORI, T oreFN
SERRTHESL LT Wiodd, BBERTIE, FAEF OO
HE, 74 CoREES XOEN ORE, HIEEE OB
ARy PNOERMNEE, ETFRE L TOWHERE DA
DR EEHI & L7z

K 4 A b > T ok, 22T, H4E

H BRIz >nW Tk~ 5.
R 2E— K
BIE: 22 - 52 3L 200~600m/ min

FE2[:2Y) vy 2—F4 20~200

H3ME: 2F RS54 30~600

#4M@:2CR T 90~ 1 200

(%) 2CR

(%[&) Fig. 18 GEe)

FEMEEE - v V% v b Photo. 6 M
TElHEE A

MHEE - EETF Photo. 7 D
2O T r e F—FT IV NH
MDD TV 5. ,

ESAHE : (55 EIRE 174

SR = N—YhY L —

V

Fig. 17. Method for reduction ratio measurement.

— 114 —



WR~— 7 BEEEHEHE~DICH 1321

V-V
Reduction ratio R :—‘;,T——lx 100

T-T
=1T2-3x100(%)
Fig. 18. Schematic diagram for a reduction ratio
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Fig. 19 (b). At a given reduction ratio.
Fig. 19. Examples of experimental results.
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Fig. 20. Typical results of strip speed measurement.
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L=N-L
Fig. 21. Method for the total length measurement
of wire or coil.

Fig. 22. Experimentalset up to check the accuracy
of magnetic mark method through an
optical method.

Photo. 9. Experimental apparatus.
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L0 : Total length measured by optical method =Ng-Lo

Pg : Optical mark

Ng : Number of revolution of optical mark

Lo : Round length of wire

(Magnetic)

£ : Total length measured by magnetic method
=Ny-Lm+Lgr

Py : Magnetic mark

Ny : Counts of magnetic marking

Ly : Magnetic looping distance

Ly : Residual Ilength

Fig. 23. Optical calibration of magnetic mark
method.
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Fig. 24(a). Drift of measuring length by magnetic
marking method.
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Fig. 24(b). Measurement accuracy improvement by
using a magnetizing device with high
magnetic frequency and detectors with
excelent temperature characteristics.
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Fig. 25(a) Experiment result of frequency distri-
bution of ‘marking time lag’, ;.
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Fig. 25(b). Schematic illustration for two types of
marking time lag modes.
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Fig. 26. Discontinuity of length measurements in
case of Mode B.
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Fig. 27. Relation between measurement acouracy
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Fig. 28. Relation between measurement accuracy and looping times.
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Fig. 29. Method for slip measurements.
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Fig. 30. Schematic diagram for the experimental
apparatus.
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Fig. 31. Examples of slip measurements,
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