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Study on a mass measurement method under weightless conditions

by using a smart cantilever beam
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This paper describes a novel mass measurement method under weightless conditions

by using a smart cantilever beam patched piezoelectric materials. This proposed method

is featured that the cantilever beam mounted mass on the tip makes it possible to identify

the natural frequency of it, consequently, the mass is measured independently of gravity.

A concept of smart structures and a system identification are adopted for the purpose of

achieving the simply component and the reduction time for measuring. The experiment was

performed in order to indicate that the mass measurement can be achieved by employing

the proposed system. The experimental results demonstrated that the proposed measuring

method is capable of measuring the mass, however, the measurement error tends to increase

as the measured mass becomes heavy.

Key Words: Mass measurement, weightless conditions, smart structures, flexible can-

tilever beam, sub—space state space identification.
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Fig. 1 Smart cantilever beam structure
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Fig. 2 Instrumentation curcuit
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Fig. 3 Theoretical simulations of frequency eq.

4 EEREHEANEREDREER

HELROFIRATMSNIZEEE m, [kg] &L
1256, EREAREE w, 13,

wn:\/( 3EI _ En (19)

Mp + 25my )13 My + Mo

LD, ZIT, REKROEE my, S AFERK
kn = 3EI/I3, BOBEBMRIIBIT H5HEE m, =
33myp/140 £ 975, 1 RIRENE— FASECHI35E,
X (19) DREIIRESND, Fio, KERICEE m;
BRO mg 10 L CTRE Sz EH AR R v &
FQwy ET5 L, AT,

o [k,
R
FIRCE T, ky AHETS &, KOBHRR 55,
2 2
w9 w2

FIRRIC, REAOEE m, THRE L-EERSEE v,
Lo E, klzBos,

(22)

Mg = my <$—:)2 +m{<:—i)2 - 1} (23)

I (21) BELUSK (23) 225, m, ZIHET D EEAIR
B I EORRRIT,

2
(Z_i) -1 w2 w1\ ?
el o (2o (2)
(ﬂ) 1 w2 Wy
w2
(24)
L%, ZZT, my=0[g] DEEIL,
N2
(82) -1
Mg = Mg ——"4m—— (25)
=)
(2) -1
L7232 T, wy, we, mg ZTORDTEE, VAT A
FEIZEL 5 T w, ZEETEXIUSKAES m, ZHEE
TEBH I ENDINA,

5 BERREHOEE
5.1 ESZERIRIEE

FRFFETIE, Y AT LREFES LT, $oZEkE
EEZERT 5, o ZEREEEORH L, WIS
(WO TV D RRRMES R L QR 70fifie &k
AOCHEBREEMTETVERETSETHD, L-
5T, MIMO ¥ AT LA~DIEENE S Th D, &
T, [REFERT — 2 2ot UC, SRR A R4
D72, BENTWAIREBIR A RIET 52 &
INTE, ROWREFE— RRIEICR U CEF I &
W, FLT, THEREZEED L YIZETNAEREL, R
ST A =8 it T DEETE L&, F5E
ERIZRIETHZ D, VAT MEELZRIELS <,
RETEFRHN— 7 ROFEEICHE L T5,

5.2 F— FEMHEORIE

HOZEEIRIEEIC L » €, BEEEZ S LT
UTT I TF am— g VAT AOREEZERET L
ZRIEERT — 20 b EEEE TE 5 Z L3t TIoR
SNTWD [4], T T, BHIZV AT 2TFIDE
T— NRHE (EAAREHEL w B8 IOWERE v) &
BHTLZEEERD, VAT T A, DEEELY
Ao ETDE, ZDMEIISIERTE |sT — A;| = 0 Dt
PHEFRETHD, Lizn->T, 3, < 0DL X,

+ _%wg + J\/(4wz2) = (yw})?

A= ;

97

NI | -El ectronic Library Service



The Japan Society Applied El ectronmagnetics and Mechanics

E[ZsAEM?%E;E Vol 11, No 2 (2003)

ET8D, HZERNED BI5GBV BERCRIKEEZE R E T
IVINDERGRICEM L, TDOY AT MY A, OEA
BN, &35,

=, + 56, (27)

EBL L, FEET VORI 21 ThHEE, 7 (26)

BIUS(27) 1T 25720, RO LIV AT A
DEFRIEEE O, &RERE 5, PRIESND,

o o 20y
@Z:Va?+6ga ’A)’zzag—j‘gg (28)
AFRLTIE, i =1 & LT, 1 KiEET— FOREEH
RECE T 5,

6 IREIZEER
6.1 VAFALRE

Ae— MR R LS RICE R (40 [g) IO 8
TR 2L, VAT AEEFEFREIT -7, 1-20fF
IEEIZOZ 15 MIEDREFRR% 5 EHT > 72, Fig.
4 \TERIEBE ORI 27~ T, B RIA 7T 7D
BRI 265 Lis, REANILPE HAZE LT

1 Piezo Driver [ D/A PC AD €

Mass

Cantilever with PZT

Clamp

» Charge Amp |-

Fig. 4 Experimental setup

M RINES LI DR AR 2 EE 52 A L7,
M RIWEB DT A—Z ThHhDHY T NLUREER, &
oy ZJEEE JOMRE, N 6, 25, 2.5 [v],
FEFBROY 7" o VEREIE 200 [Hz] & L7z,
HIEE 0.000 [g] 35L028.454 [g] BFD[EIEFESR
ANHAF—#% Fig. 5(a) 8L (b) 17T, H4y%e
REDHEZTE 7 L =) X% N4SID 2R L, #
DIFATIZIE MATLAB Z Ve, [REET/VOIRIT
138 & Lz, TIMEEAY 0.000 [g], 11.884 [g] HBLH
28.454 [g] DEFEIAGF DN RIEET VORI HIE
% Fig. 6 (TR, INEEIC LT, Mo%EHRE

98

EZL > TELNWERIEET VR SEETH DL 2
LN D, FEFRIZLVEBONNERE ¢, [
ESNIZET NOISEE % gy, o7V E, 38R
EEcE N, [ BB ICFEE SN-EA RS 2, N E
OFEEE O & L, FEREEOREBAR €y (%)
FSERONIBSIEE Sy VIS € fat EEHL,

1 X - 12|
€var N = 100 (29)
I=1
yn — yll
€fat = ! NG ' (30)

Wdent input [v]

Ident mput [v]

B 2 B o 1 2
Time (sec] Time [sec]

(IO AT

2 - . o R 2
Time (sec] Time fsec]

output [v}
ut [v)

outp

|
|

|

(a) Mo = 0.000 [g]

Charge amp
Charge amp

(b) M, = 28.454 [g]

Fig. 5 Identification experimental data set

50

Ma[g] Exp Ident
*

0.000
o H 9 ,
11 884 O =--~---
- - d
-so f Y \
S — R 3¢ ¥ % 8 RjRgoe®

Gain [dB]

Frequency [Hz]

Fig. 6 Frequency responses of identified model

and experimental results

6.2 EERTE

[BI7E SHURBEZEIE 7LD R T M TH 2 Tl
it L, 30 (28) D EA AR w, ZEH L7,
HIz, #E (25) ZRVT, wy, BER my [THE
L7z, TO2FER% Fig. 72~ 1, Table 112, #
BA R AW E & L EAIRE S A
T, Fio, HEEEICH U CEEE M, 5 BEORE

NI | -El ectronic Library Service



The Japan Society Applied El ectronmagnetics and Mechanics

HAAEM %43

Vol

11, No 2 (2003)

FRIC L VELNHEBEOESE M, &L, 8D
HEERRFETR €mass[0) ZHEH LT,

| My — M|
— X
M,

Table 2 {IZBELNFEREFNEIURT, FHRER
N, RIEREEITSIINEEIZOW T, [ ZIEFERRE T
HDOHDITK LT, HERERIZEL T, (HIEED
BN - C, RRZERDMEINT MR R 6D,

€mass =

100 (31)

Table 1 The calibration mass and identified
natural frequency

=

M, [g] 12 [HZ] €var € faut
0.000 26.058 0.037 0.065
2.211 19.489 0.030 0.101
35+ Experimental *
Estimated value
Cailbration O

30 -

25 F

20 F

Mass [g]

15

10

L
6 8 10 12 14 16

Natural Frequency [Hz}

Fig. 7 Natural freq. w, vs. Mass m,

18 20 22 24 26

Table 2 The rate of a identification and estima-

tion error
M, ﬁ €var €fit M. €mass
2.841 18.356 0.046 0.172 2.849  0.290
6.172 14.495 0.035 0.141 6.264  1.488
11.884 22.283 0.019 0.157 12.163 2.347
16.691 9.779 0.091 0.168 17.121 2.575
19.343 9.183 0.119 0.059 19.791 2.217
28.454 7.689 0.098 0.310 29.458 3.530
36.829 6.821 0.103 0.234 38.161 3.617
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