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Magnetostrictive Torque Sensor for In-Vehicle Transmission

FZVAIY2aro+ 7 hO MV ZFEMTERAETEOHERN ML —ZFFEL
BRITov 7 bOFMEZBLDLT ML ZBREICIRET 2 ZEDFEEE LR D7z, BREDKBAZ S
HBEAT I ABRES JFUBEKEFEREQOEBES 21T o0k, Y7 MDY ay bE—ZY
JHEXUORAMEREZTICEICIVERBA—-ATF A b e —ICEBEEE, —40C~
150 CTREI35%FSLUT /. 5ICTEMABENRFT 21TV, RIKEE— 40T~

it Rz *

Teruyuki Nakamura

I X

Yuta Sugiyama

ktiad 150 CHIED£ >4 —EREL L.

The authors have developed a noncontact magnetostrictive torque sensor that can directly
and precisely measure the torque in a transmission shaft without degrading the strength of
the shaft. The authors studied the sensor’s hysteresis error and angle dependency error,
which account for most of the system error, and achieved a total error of 3.5% full-scale from
-40°C to 150°C by optimizing the shot-peening treatment of the shaft and polishing its

¢ ATeEHtal surface to uniformly reduce the residual austenite in the shaft surface. Authors also

RiRD> /= developed an oil-proof heat-resistant sensor structure and realized a working temperature
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range from -40°C to 150°C in an oil environment.
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Fig.1 Torque sensor prototype
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Fig.2 Principle of torque sensor operation
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Fig.3 Magnetic path between shaft, coil, and magnetic ring
(a) coil winding (b) sectional view of a magnetic path
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Fig.4 Detection circuit of torque sensor
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Table 1 Development specifications
Property Development specifications
Detection range +=300N+'m
Sensor sensitivity =4mV/N-m

Hysteresis error, = 1.75% FS

Error 3% FS*! Angular dependence error, = 1% FS
Circuit error, = 0.25% FS
Operating _ _ o
temperature 40-1507C (in oil)
Responsiveness =3ms

* 1) FS: full scale
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Fig.5 Sensor sensitivity and hysteresis error
KELswyH— 3% 1 OHREWLET 2720 T 0

Fzfa9%.

(1) FEEMBAID 728 > ¥ 7 b Ed R ST IE T RE

(2) TMTEBIZHHIN TS Y v 7 b (70 L8R5
ABER) ORE % 7 5 T &2 <K ML o Bt Al Rg

(3) i st i C PR L it D lirh T O RHIAS AT RE

3. BEXMVIEY—DORHRRE

31 Y —RBEELRATYIARE

K6 iE TM THEEEICHFH I TS vy 7 (7 ah
IR IR EAJER, MAE S 18 mm) 12X ¥ % — ZHLD i)
THEL MR TH S, Ly —Hhidez7) v 2#
EME5%FS EREL, vy 4 —&%1315 mV/N-m
LNV, HEfEMRZEBIT 2121, v gD
b 27) Y ZAFRGEARIS B ARPLETH 5.

A Hysteresis is large (5.5%FS)
S
£
3 .
% Sensor sensitivity
) is low
S (1.5 mV/N - m)
o)
(%]

»

—300 0 +300
Torque T (N * m)

6 BEAD 7 MAERR (704
Fig.6 Measurement result for currently used shaft
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Fig.8 Angular dependence error
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Fig.9 Production process of the sensor
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Fig.10 Countermeasure to prevent inner pressurization during
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Fig. 11 Detail of outer housing
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Fig. 12 Depth profile of residual austenite density under shaft surface
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Fig. 14 Residual austenite at surface before and after surface polishing
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