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A Tilt-Angle Sensor Employing a Circular
Sheet as a Sensing Element

Shinji Kaser* Tatsuo MAKISHI**
Hirohito MATSUOKA***  Tkuyasu KATOH****

A pendulum type tilt-angle sensor with a simple mechanism was constructed
for such practical mechanical measurements as require no so high precision and
subjected to tests for calibrating the input-output characteristics. The require-
ments initially set up were as follows : (1) a resolution higﬁer than several seconds
of arc and a measurable range over == several minutes of arc;(2) a capability of
detecting two components of a tilt angle ; (3) a capability of dynamic measurements
up to several hertzes. The results of the calibration tests have proved that a
resolution higher than about 2” and a linearity adequate over the range of more
than +£100” have been obtained, and that the sensor is capable of responding fairly
well up to about 3 Hz. Thus, the performance of the sensor meets the above
requirements (1) and (3). As for the requirement (2), the capability level attained

is not high enough to need no improvement.
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Table 1 Dimensional and characteristic values of the sensor.

a = 25 nm b =5 mm h = 0.2 nm
1 =108 mm 1 =148 mm E = 120 GPa
v = (0.3 m = 0.6 kg k =1.6 kNmm

fao= 2.9 Hz C

0.5

F12. 1 DEZHCR > THE2 DB HMER O EL R, 2T, WE L3
ﬁmom(@%&ﬂ%ﬁ%bfﬂ&,mm ER R IERQY B CTRBTw5. EHEERK
fu (Bwn/27) EHEHE O HEDRER> LB LRI DTHS.

COEBEIERCTUIOT Ry =k v Ts. RO LB E, OB8—FEEHOEE,
O F R L PRI 30\ CHERHE 2 R COVEC 1 » CHIBTHE/NT 5. i L, BT
Ywelinh), FOEDOPICHENRRELS. Flo~FEER2 A, 0,=0 12 2\ THER
(p=0.2) CRFAM=INmMmM B b D& HRDB &, 1F 33%X107° ThHB. &% 0
THY = o THRET A, NEIGEWE, BHEBELELS 50, ThTdHBERE
DEMADLE IR, NI T LM e D BDHZ LR BEBL TR LENDB.

K4 wi#Re o9y - oolGeRe. X, YR oW THlilio®E, ZEEciks
ey —CRE L 4 57— DR THY, BERE BEGBERCE—2 v PMUADAT D



U S EESE & LB ORI 20

HEOREER D, Y- XbD7 Yy vEE (5kHz, 2v I 2 H OHINEIEH o

AC HIEZ 2 F W CEfESRICIIE T 5. ACHEROSTN, 41 X« FU 7 FAVNEL,
BERPBLT L, APROUACHII EEZDNHLTHS.

3.2 BHEHEOHRE

RO LhE, CoEPFE0L 0TS T VB RBPHUEETE L. Fie, B
HIE DY A % & D THIBR A UCTHRBERIE TRV L. o bitsh3 2454
B & U CIIREI &8 SRl oKk A ¥k EE (LT, L.P.F.) #fNd3z&
"5k L.P.F. oRKBRERTD. - OB OEEMEE G(s) &35 &9,

2
Aw,

ColS) =T Fawps T (6)

721t L, A=R//R,, wy=1/v R,R;C.C, ,

CV:'\/ C./Cy (’\/Rs/R4 +\/R4/R5 +4/ R.R; [R3),

Ak GG oA K EEBEHE
G =G1(s) - Ge(s) D TEI ik %
RTXS, BT wo=w, & LTS

B a=2.8 & L. HIEK A=10 ,_K
L, ERETOMEELLUTOL S £
& 1 Ri=Re=100K0, Ry=1Mo,

Rs=R:+=820K0, R5=430kK0, c1=c2= . c - ) |
N Fig., 5 Circuit of the active type low pass
L 1] = (/;{:_? - N S
0. 1pF. g DRERIC DU T filter used for the improvement of

BT 5. characteristics.

4. RERROFZE
M 6 IR SEBREE OB 2 R 3. ROEE T ZE# o DC € — 2 ClElE & 8 TR O

Tilt-angle
sensor T

~ Detector of
_~ electronic

/ micrometer
Suppor ting
PO\int ©_<

l
1©)

Shaft with _—
eccentricity

Fig. 6 Apparatus for the calibration test.



30 BEET < BGRIESR « RS - MIEER

BAREHZIL RS, ERARSADES M 7 e 4 — 2 OKRHEFIZ X v EICIERCRE
Xh, ®—& OEEEEDREIC +xrm+x:—7ﬁmb%h6 _@%Ef&zﬂ%
BoREELEE2D L ENTES. ok, BWEKEOSACZE— 2 LT, FE)
TEPER R ER1T 5.

M7 R BT B &R A RY. TSR E T OMBIIA TN Y 2 VT
175, AVR—_"A2AL=ZHVTY v IEMORERCTH 5.

T11t -angle sensor Apparatus for calibration

Bridge circuit : Tilting é Elec. micrometer

X-axis IY—axis §<:?::j g @ J @ [ Dc HUtOf] g

®-@

AD converter

Personal computer

Interval timer

Fig. 7 Overall expression of the calibration test.

5 RERBROBEREIEZR

5.1 BMRBAICOVT

FERF R XEF 72X YA AET 556 L Th P XER O Y DI T h 254
CoWT, RIEREEZ 1080, +30MR0 2100 iR e L CEREZITS. 72 JFK
Bl T, SHEOB/MEEICEE (B AD ZHRH) L300 H2TED
PR 2, —EOF -2 0ffixy vV v 730EIOFEEE TS, kB, HBELT
W L.P.F. 6ol AEE Eo 2 Hv5.

8w +10f & +100 B Xfilic oW TCoOREHKEL/RT. HFE TR, E62oF o
R TID, —HEOXHEARY T r e P LTWBA, BETIE, £45EOFEERRL
Tb. MBI LD MBI T, HMELHIRIELSTHD. Fiz, 100FLL
LORBETLHAOBBMERSE D L O LHEHE B,

0 & Eo DBRIL-FACHBERTES LHBL, #£ECETAEL2ERXF—LRE
L CREER O BER A2 KA & h kD 50.

P{m+b0~ta/2s \/_ E0<m+b0+ta/zs\/ L

TM2~ 1—e (7)

ZW}

O, o WERE, mt0 XE/NZIGEENC X A EURERE, m B, O IRE, s
115 — 2 0 0T OREEER, fan I L teyn— TEDLENRD ¢ HHOME



PIBCIRTG I 2 BRI SR & LIl OB

8
Zo2t %/
+10” ’ é’/ °
5 o
e
R . _— :
..1'0 -5 6 5 5 » 10
}8/
o
é6/ ~0.2¢ T 5
?/ >2" /
o
w4 o/
o/
{ i 0/ t t
-100 -50 o/ 50 ] 100
}0/ T ®
= 100"
) ~217
9//, L
Fig. 8 Results of the static calibration test.
THBD.

31

Eonl0)=m-00, Eos(0)=taspsV 1n+0320;2 L, K930 DM OB RA R
L, TEREBERENCBYURERED 1-a OEEETEET S DT, O R 2k THET5.

R=2Eos(0r)/b

F2LE 00K EMHEIOWT, X
RO YBORE b & a=0.01 OB
HORONC X 5 HFEE R ORSEL %
EWAH. WY b EIOKESERS —
ZW LB, F2iwkB &, RIXEo
FR L CEEER LT 5. YHfhc
WO %Ry~ DB, ALMNTE
BT RREEB D, 7 A4 XDEAN
I kEVEDERLRS. Wiz
WTD b OFIOT RS — g
EMBEDOSHL OB LB LOTHS
5. Livl, &t s s, 128
LD EDIe b OOIRRE & ERE N ES
LTws EBbhs.

(8)
Eo
Eos(er)
Eom *Eos P
- Eos(@r)
/ ’4 —
— \
1 Eom=Eos
- Range of 6 8

calibration — 1

Fig. 9 Limit curves of the reliability on

linear regression.

RO ERTT A Xl 72 YE o 5 i RES T A 2K 6 o LT 0 (Xl

T BT oI RERLE 2,
HIRATCRDIHITHS.

Exy=VEx*+(Ey}

XhE YW boK s oMl Ex, Ey OFHME Exy

(9)



32 TEET] - BGEHD - AR - INBEEER

Table 2 Performance of the sensor evaluated from the static calibration test.

Range ( 7 ) Sensitivity Resolution
b (mV/1” ) R C7)
+ 10 X 27.3 0.44
Y 32.6 1.25
+ 30 X 28.0 0.69
Y 31.8 1.19
+ 100 b 27.2 0.34
Y 31.7 1.26
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Fig.10 Resultant values of X and Y outputs accompanying change in tilt-direction.
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Fig.11 Gain diagram obtained from the frequency response test.
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Fig.12 Phase diagram obtained from the frequency response test.
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