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Synopsis :

Kawasaki Steel Techno Research Corp, has developed and marketed a displacement
sensor, “LINEAR ACE”, that uses magnetic core of Co-based amorphous alloy wire.
LINEAR ACE is a new type sensor, using a selfexcitation circuit (multi-vibrator), that
enables a high-speed response and a very small outline. The authors improved the
operating temperature to 180°C and the sensor head size, in addition to reducing the
magnetic core weight only to 0.1g, allowing measurements to be achieved without
impressing any load on the target measurement object, and allowing the coil current to

be reduced to 2 mA. LINEAR ACE has received favorable responses from users.

(c)JFE Steel Corporation, 2003
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Synopsis:

Kawasaki Steel Techno Research Corp. has developed and mar-
keted a displacement sensor, ““LINEAR ACE”, that uses magnetic
core of Co-based amorphous alloy wire. LINEAR ACE is a new
type sensor, using a selfexcitation circuit {multi-vibrator), that ena-
bles a high-speed response and a very small outline, The authors
improved the operating temperature to 180°C and the sensor head
size, in addition to reducing the magnetic core weight only to 0.1 g,
allowing measurements to be achieved without impressing any load
on the target measurement object, and allowing the coil current to
be reduced to 2 mA. LINEAR ACE has received favorable re-

sponses from users.
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Table 1 Characteristics of various magnetic materials

Material Permalloy Sendust Amorphous
Ni 799% Si 95% Fe 459
Fe 179% Al 559 Co 70.5%
Mo 49, Fe 8509 Si15 9%
Characteristic Bo 10 %
Bs (T) 0.87 1.00 0.84
He (A-m™) 3.98 1.59 0.398
pe (1 kHz) 5000 6000 50 000
o {pef2-cm} 55 80 180
Te *C) 460 500 620
Amorphous magnetic alloy
| Zero-magnetostrictive alloy
Magnetic-field sensor Magnetometer

Current sensor J

Direction

Displacement sensor l

Magnetic recording head_!
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Fig. 2 Various sensors using amorphous magnetic alloy
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Fig. 3 Construction of displacement sensor-head
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Fig. 4 Multivibrator circuit
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Fig. 7 OQutput data of

linearity (example)
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Table 2 Comparison of displacement sensors

Measuring Range +2 mm +5 mm
LINEAR| Other |LINEAR| Other ;;’;‘kef’s
Sensor ACE |mwker's| ACE | Semser
LC-02 | sensor | LC-05 A B
Bobin
E‘i’:;gtf{l (mm} | 12x30 | 16%22 | 16% 41 | 2235 | 16x 57
Weight (g) 7 27 14 41
Core weight*  {(g) 0.4 5 0.4 7 7
Accuracy (%) | £0.35 | £0.50 | £0.35 | £0.50 +1.0
FFEQU?{;CYFES};O“SE 1 kHz/ | 100 Hz/ | 500 Hz/ | 100 Hy/ | 70 Hz/
foscillting fre- | 301y | 3kHz | 10kHe | 3kHz | 2kHz

2 Including shaft
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Sensors with various Core Head
contact head

Photo 1 Displacement sensor LINEAR ACE (LCP-2)

—H RN TREEF . — 72 WEEOR I E OB,

ZHODERMERN S, 1987 7 Bicid, BR, SEREis
DT ER, MR LERERCBL 7 EAT > ASS T Y
Hhew vt Hg (LCR) EFfdt (LCPRE) L LTMAEEL, &
g [V =27=—7} TRELALY (Photo 1),

5 MOMRICHTIQE

HFLVEM v ORER

(1) MW#domRE

(2) /Hitk

(3) #fEgEork

(4) EEREHE

DHE - BREME, FREOMBE~ER LA

5.1 mAEORE

LA L~y Fit, BFORESEE=A e ERL
fofzdd, BH (~80°C) ofERi+4Tth i, LoBRTE
HAlichtoBERRZE, Bxbhhhot, =2 —FORALE-EE
b, 150°C U Eoi#dt s F+a o 2 Thad, wvi~, FRER
THHEMEBENT I, WEELEDDZ AN THD & OB
BRYBUHEBE v vV RBR LA, BHE SRR L
¥i% Table 3 iwm+, CoOBOBE LRE VY 7 b 0B« Fig.
8T Lo, 120°C LIF T 0 A BB LR RS WA, &
heBTlRE s, —#, FRER O BEL 120°C frcd
5, FREKEAMEDO VY 7 12 80°C %42 2 Lalici 2 i
0T, FRRBCECCERLAREV- Y REL T3,

5.2 By, FONERYL

REFROEHEFBRLECHEBELT, vy, Fil/ Bz hT
WES, HEEREEC T, bo 2Rz oBENEL,
FTEL? p AREALLE—FOBRELENL, —Bo/ it
bt Li, P TERRAIBLORESITAD, T
A? 2 ATATERBETE7AIFF -7 1.0mmBE0L 0%
BEATDZ L, a4 ABLEEVELOEL IS ARBRTT
DHEL LI 9 AR Sl TH bz, sMA0B2EARE
Th, HERAHECTER A AEEYHS T Lanic ¢, Bl

IS EEE 4 Vol. 24 No. 1 1992

Table 3 Materials of sensor head

Normal type High temperature type
Construc- Max Max
tion parts . service . service
Meterial temper- Material temper-
ature ature
Coil wire Polyurethane | 120°C | Poliesterimide| 180°C
Cable Vynyl 60°C | Teflon 180°C
Bobin PPS 260°C | PPS 260°C
Core Amorphous 368°C | Amorphous 368°C
Core holder | Alumina 1700°C | Alumina 1700°C
Adhesion Epoxy 60°C | Phenol 300°C
7
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i
bk
gs ’ L]
o H 9
Q=
/
1
b 40 80 120 160 200 240

Temperature (*C)

Fig. 8 Characteristics of displacement sensor at high temper-
ature (span drift vs time}
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Fig. 9 Outlines of small sensor-head
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Table 4 Specifications of LINEAR ACE

Type Standard type High temperature type
\\\;;;;:\ia\\‘“‘“‘axa_ﬂki_ﬁg LC-V5 LC-02 LC-05 LC-10 LC-02H LC-05H

Measuring span (mm) +0.5 +2 +5 +10 +2 +5
Head size (mm} #6x10 L #12x30L $l4x41L $34xTTL $12x30 L $idx41L
Linearity (%/FS) +0.35 +0.35 40.35 +0.35 +0.35 +0.35
Cutput voltage (V/mm) 1 1 0.1 0.1 1 0.1
Frequency characteristic (Hz) | 1000 (—3db) | 1000 (—3db) | 500 (—3db} 500 (—3db) | 1000 {(—3db)| 500 (—3db}
Oscillater frequency {kHz) 100 30 10 40 30 10
Operating temperature *C) —10~80°C —25~180°C
Thermal error (%/F8.°C) 0.05 0.05

3 - ——
Type Rdizilgeing Dia;{neter Leigth
LCP—V5 +05 10 T4
LCP— 02 +2.0 14 98
LCP— 05 5.0 16 112
LCP— 10 +10 16 158

Fig. 10 Outline of LINEAR ACE
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