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Displacement Sensors Using Amorphous Magnetic

Alloy, “LINEAR ACE”
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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
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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

THLDTHS, FEE LTREELL BETXIERRLC,

ERLTTVWEEYRATET, £HOTHELRE L.
Vs FRIRB DL S OETRIL,

(1) =48 ME R, BE S28 =1 KB

(2) BEOLE: #HBR (K853, s HY

RESABY, HEIEEL TS5, £4OESEEEOME 4

AE, BETLZEC LA, FHPBREZ-WTE, ARREOCE

e, HEWEH, BEWNE, HHES v, BEHNE BFEa0

BRI EOHB A Ui,

o SRIOMECHE, #EHSEM Ly LA ERER
TWAHEBEER LI VNSV LB Ro—2ET5 0kt
oo BUDKE IR L LOFLBYRDERLODERETHZ S,
CREERLDRBIDES LAEEBREO v~ YR3fE 2
BRaflts Lic. B Mo e vyvoEg Fig. 4 tf2hs
Sic, FHEHETHL, RPRO 2 vy~ , FOaf LYt 2
L1, L2, g2 v v+ Ch, #H Rb, EER I HLADY
WIS RL %, ThThofleRd CREBEYRET 2 0», B
Bl v BT —~ 2 DFERE T -1

BB TR EESR, s AT RAERETH, o
Mt Fig. 5 o L 5 7 BIFIBEE Fr i 4 BIE T 5 BREsBE v Bl L,
BNRACET &M THET Ao L, 7247 » ARLD
FRECREAECH L TAER - B F LS, SRR Ly
LBROTHREYREL, =1 A+ EHRC L 2Bk LHEME L
T, BHEREYRE Ui, EROSML, Y@= 1a (LI, L2)
—EELLT, 40 Ch, RbDEE AL Ehye, XLEBRL
DEIRELT, F—2RERLA.

RIEHEE & LTit, (1) BE, (2) 8, (3) ¥ Bhs
S, (4) RIRBENT, BLES, BFANTER, —heil)
EBLI,

FHOERT, FOL3REEED =Y ¥ rvd ChinfBRiT~x
HHRAE L, BVvEAOBERXNS -T2 00, BEECKE
Lic b o8 E L, il - EEHOES L7+ var s 7L

N SIS ET R Vol. 24 No. 1 1992

0sC Amorphous core
@ ’ )
H Detect coil

Primary coil ntegrater

R Correct coil

ARA ]
vy
- (X} Oscilloscope {Y)

Fig. 5 Measuring method of saturation magnetization

Linear digital gage

Plotter

Linear actuator

Personal
computer

Keyhoard

Fig. 6 Blockdiagram of auto measuring system

Transmitter
crcuit

DC power
supply

Besi,rsa72BHEL, SROMARLAE, BenEy
bHHEL, BRELTRESSORVCHEBE5 ¢, 7 2 4 TEBA
ThHZ FIphdt,

REYAAMHCEDDEBRE LT, T2 EEEYE - e,

KBRFEYEL, FONBRCEY LG ERCREL, 0
Bty 2 AL LEBHCF — 2 8By, F— 2
Bl e e, b 7o i85m0 A%, STk b i
ERREITNTGPIBARNs DI vr —7 . — A% ETE D%
B, BRCHELTY 7 v TR L.

Ty BERIC B0t 5 HRENE S ET—W% Rt &, Fig
SIS T R, XAV I ATEIRD, BAT 2 A b2,
LT, BLEoBEHEeRT, TRERICEEIASTTEY
BT 5. WBEMRTE L, AT, v re—2itiaic L vl
LB EE, BLkHAYe ofBrBiizy, ~omBEL#eh
TEF4 0200 =27y —oTREL, FrONTEHGS:+5,
BB A L 0 B b AR O 2 IR 5 £ Sh, FORN
TOBHESYERL, BRLEHIOF— 2282, AEH - 5
Rl ERMECEZ by - F— F I VBB ELhE, LED L
I, Hoin UHRE Lickft (EofiflE, BEHMER OnEE
E) wESE, ERF-FABNCERSHh, B3R,

EH EHCHEGRE 75 70 CRT Rk T3h, LETH
R ToLshvs—~, F THAOSHS, 20X51T3
T ETEBROBENEHMTRT R, BeA0RTELTOL v
P 2 BIEE iR C E e,

BlEDEdm LT, Misda ALkt sEBER, B
BIE, BEREH EHRGEHE BIEE vl tss—»
PRI h, BEE KRR LA,

— 70 —



TENT » AGHEESFRULES Ly [V 7Pz —2] ORMR

71

Supply valt. 7.00 (V]

Error: =005 7 +0.13 {¥F.5.] Yolt. Maxte
2.5 V] [¥FS)
......... - 5.0 -0.29
o 7.0 0.4
————— 100 0.70
4.5
+1.0
‘,-"'_ |7~
0.5 -7 \
d’ N
- |
0.0 42T+ 4 [ a5+ 8 QW |42

W, | (e

e -

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)
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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
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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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