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Many torque sensors are contact types or use specially LIZE D E AT UL R AR S8,

processed shafts. However, such sensors suffer from AL, BB MV LY AR S LT, LI OAIT
various problems such as frictional wear, cost, and

installation. This paper describes a sensor that detects the PUTHET D,

torque of non-special processed shafts by means of the

inverse magnetostrictive effect, and shows the effectiveness (1) 7 MEBG, vy TR LS HIOELEEE L
of demagnetization and the possibility of non-contact 7o MV & oRERK

measurement in low-carbon steel shafts. The output of the Q) v T MNEREEBHET A 2 L ofihit

sensor was increased 2.37 times, and the hysteresis of the B) VAL LT MOy v TN 2 B
output was reduced to 1/14 by demagnetization.

Key words: magnetostrictive type torque sensor, 2. WER RO SO

demagnetization, gap, torque sensibility, hysteresis
21 HERKPLIE YOS
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D T MHibB “ Y, D s ORIEETTS = & 7 RO VIR - R 2T OEE, RO L bRk a
1Y, BT IRl BRI T D, EOEw, o —27 (1 % rAHEM LEDINEITH v v 75 U CIHEBRERED
w7 NP LS BN B T L AR TR, kOIS =7 (1% D) ARCB LI iR=T (1% 7
b IS < TR ST, SR LT, o A ) 1 XY 7 MEEGMICEE L, BiEaT (% 1 5
0T b R T T MNCREEOTES, RS f%;%;:izﬁ gﬁ:%; TR M TR
BT, hetm SR EA T AT AN SOTERONEIC 25 K OB LTz, FHLOE w
LA ETIBY, LinL, BT, Lotk Miogse ) O VBEOESVERRL, Lotyasy T MaDL,
SRR D D, ST MR, oM, g o0 180 270 OB ABRIEL, ThThaELE 2’@”
DT MEAERAICRENER, BEEY G sl 0 T DOHAIE ) CORFEDF > TR & SRR
N, TEROT- OO IT/ED A N, M7 BlE#~ OB v
¥ 7 bOBRY T EIEER S D, 0D LT BB
IEBFATH Y, T T MIRFRIINT AR S 20 ML 248
KHHNTND,

AR, ISR & L TR AV BTN AR
BRI v 7 MDD MVY %y 7 MUFFRIINLEfE S,
WEOWNFIC LY, JEEFRTHIE C& 5 P OERLERTS
L7z LInL, %7 MO TERL TORWZD, vy
7 MPE L ERONT, BB SIREL, B o/Rs
B, AT U VRBAE LB, $, Bty T boF
¥ v VOB L DA CHRIREZ 857280, ZOX 575y
¥ 7 MOEST A 7-00BER M oYoiEE vy MY
Bro R REt Ule, 72, FOMERESR & EASA B AN
%, WEEREGANCE L e AT Y S RAEEET DRRITONT st
TTIRSITO D), FRICTILS v 7 MBI T 5 2 Fig. 1 Structure of torque-detecting part.
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Fig.3 Signal processor circuit of the sensor.
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BEROBRERUEY, $ih, b & lEBREROBIGAS, I
MIZBWTHEIE CThHD & T8 L, HIEBELEI-EY - FHEsH
133K (2) DRRERY, MAZICEAHAIEER, R Q) L5,

Vo =k, (u,— uy ) 0]
=k, (0, = 0y Q%) 2
=a; T (V) (3)
Tz,
k, D A BEOERROECHT HBE (V)
Wy, iy BloBRD - JEMEF WO LEHE,
k, C HABEOB OB T 2RE  (V/Pa),
o,. 0, " BloRY - EMESS (Pa),
oy DMV RE (VAN - m)).
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BRI AEDOIL 0 (v 7 MER O 1 BORER,
AJIE 10mA, FHEEEER 1| kHz OIERE & FHE = A M EID
AN, v 7 NBEHRICERRRRE L7, Fig 412, >+ 7 M2
INA T AHRER OB AR Uiz, 2L, WMREEREIZ - T,
JENEEER 60 Hz OIERER OVRIEASSL -V B 1s, S 655
BEREO ZARINCER SRR ThH Y, BHRERER & AR
Vv 7 MIMA TS, {EREEROBREL 12kAm & Uiz, 4
BERVAIERD Y v 7 MY, 2 RTHY, BEE 254 mm
EE 23mm , HHEERREMEE STKMI3B ThH5, Tablel
12, %7 MIEOREER U, IREOSHERIL, 025% LN
Th B, Table2 i2, BIESMERL,
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Fig. 4 Concept chart of
demagnetization magnpetic field.

Table I Composition of shaft.

Composition C Si Mn P S
Content (%) § 0~0.25 0~0.35 0.3~0.9 0~0.04 0~0.04

Fig. 5 (@) 1T1E, v 7 bOERE ZAT Y L A—T %R LI,
K v 7 SOFRENT, 0.17kA/m Th-oT=, Fig 5(b)12, %7
R 60Hz, 1kHz DATTREHIRHIREE R U, — AR
BROMERRERE, BREDD 2 ~ 10 fETHBY, SERERAT,
FERERED 60 Hz ZRWTITol, ERREROBRE, 12
kAm &L, BHEHIO 71 fETHY, +RI2 % 7 NOEBIMT
ZBMEE U, 77, B30 1 kHz OFRRAOREES, =
Y7 0 um BT, 0.13kA/Mm &720, BREBEILINTSH B,
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Table 2 Experiment conditions. EEEL HEE— SV REO L AT Y R LD HTEIERE
DENEDEIETRL, EMENEERYETH 2,
Items Values
T Gap (um) 0, 62.5, 125, 187.5, 250 g
orque a8 _
sensor Input current 1 kHz, 10 mA ElS A
- A
Direction of . 2.2 =
excitation Circumference §-/ &
Peak voltage 60 Hz, 24 V (1.2 kA/m) 0 Y
"
Demag- Rise time Is / Torque
netization T (N-m)
Fall time 6.5s
(Linear attenuation) ‘
Ts
Diameter 25.4 mm
Shaft Material STKMI3B Fig. 6 Concept of the characteristics of
Shape Pipe the output voltage vs. torque.
(Thickness 2.3 mm)
Vs
ar = (V/(N-m)) (4)
20 1 T
- > e . e Vh,max
E ——— &, = —_— X Q
L% — | > 100 % (5)
5w [ 10/ 0i7kam | l'e
=% ! Vs ¢ RRHNEEE (V)
; i ~— . B = .
0. 05 0 Ts : thtimu kb2 (=98 N-m),
B |~ Magnetic field - Vs CHEEE (V)
V] H kA/m) _ Vi 1 BB MBI DIENEEE (V)
: ' Vimax © Vh OB KE (V).
2.0 42 Hwt*/#a)w:é:;ﬁmmﬁi‘m
(a) Hysteresis loop Fig 742, ¥v o7 0 um (8 HIEREOFIED M7 1250 %
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7 LISNDIEF 1IN T2 728 T B, Table3 12, THEOFHIZES
75 MVIRE, B AT UV ADHEEF LDz, HEAITH Z
EIZED, MUVIEERS, 2376, B AT U R, V4
fE~E KB LTz, F0720, EREOIMTOR L Tz
T 7 MR, AT 2Lk D, v DRIENRFRE
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(b) Normalized magnetization curve 2D 2 LB
Fig. 5 Magnetization characteristics of shaft material. EAT) Dema'gnetizatilon
B L s TN
| i .8 B
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Fig 6 12, MAZICHH BHABEOHERER L, HIE -60
[E— M OBHEOFHERESE LT, MIBE ar, EAT U UR
&y BV, MLZEER, K@) TRIN, HEEORK
& By MEA#ESEROES TRL, ERRKENZERVFRET

BB, E, AT IR, R (5) TERIN, BHELEOHS Fig. 7 Characteristics of the output voltage vs. torque
c o ’ ' - (gap between sensor and shaft: g= 0 um).
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Table 3 Value of the torque sensitivity and hysteresis

(g =0 pm).
Item ?Ioanemagne- Demagnetization
ization
Torque sensitivity
ar (mV/(N-m)) 52.7 125.1
Hysteresis
ygh % 30.8 2.2

43 FouT D

Fig. 812, ¥¥ v 7 %&/NT A—& L Uiz Mo Y OHNEE
BEER UL, ButEy vy 7 MEOX Y 7 250 um BEOEHE
i, Fr o7 0um &HER L CABIZHATEREORAEIED L
Tob DD, ML U TR ETRE CTh - T2,

Fig. 912, Fv v 7245 bITREE, EXTF U VXA,
HABEEE T LI, MIREER, Xy 7 8ne iz
B L, % v 7 250 um 2BV T 16.0 mV/(N-m) & 72
D, v v 7 0um ® 1/7.81 FZEY L, £/, ¥
v 7" 250 pm HETRMEREZR L, X7 Y 2%
Fy o7 1875 um IZBWTHR/MED 162 % &£720, F
¥ 7 187.5 um BAPIZEBWTIE, K 4 % BN Lot
¥y v/ 250 ym TOE AT YT RAE, 728 % EREWV
BEigoiz, EATFT VIR g 2%, Fv v 1875 ym T
B/ANZR oD, V, VBRI EL, FICERLEOM
BICERTA B2 LD,

T
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Fig. 8 Characterxstlcs of the output voltage vs. torque
with demagnetization.
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Fig. 9 Characteristics of the torque sensibility and
hysteresis vs. the gap with demagnetization.
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