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Vibration-Type Mass Measurement System with an Undamped Dynamic
Vibration Absorber
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A new vibration-type mass measurement system using an undamped dynamic vibration absorber
was developed. In the developed system, a measurement object is attached to the inertial mass of the
vibration generator instead of the absorber mass. It has an advantage that the tuning condition of
the absorber is not influenced by the mass of measurement objects. The measurement accuracy of the
developed system was estimated experimentally when it was fixed on a rigid base and on a flexible
structure. The results demonstrated that measurement accuracy was almost same in both the cases.
It was also shown that the vibration of the table in transient states was reduced by increasing the
excitation signal gradually from zero to an amplitude for measurement.
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Fig.1 Vibration-type mass measurement systems
using an undamped dynamic vibration absorber in
which a mass to be measured is attached to the
absorber mass
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Fig.2 Vibration-type mass measurement system using
an undamped dynamic vibration absorber in which a
mass to be measured is attached to the inertial mass
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Fig.3 Schematic drawing of the experimental apparatus
using an active dynamic vibration absorber
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Fig.4 Schematic drawing of the experimental apparatus
using an undamped dynamic vibration absorber
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Table 1 Parameters of the experimetal apparatus

Parameter Value
m, 90.006 [g]
m, 97.713 [g]
my, 74.006 [g]
w, 2nx 5.5 [rad/s]
, 2nx10.9 {rad/s]

BT VTREASTT D, EERETIE, BRRSEORIR
ERIEHER L RBAYCEMRICRE L, XA
REL 2K D (EBICE, R T585CHh2RE
RENIFRET 5) . IHRERR X USRS OREND E
WARBEICELEZ® T, FFT 7H 74 LY TheEho
BEORBIEE X,, X, #RET5. AEEREX
AN LHIEX RGO E R’ m, HET .

R L ERICHEET I, RIThoEaR Y
FEELRTNTRb RN EEZLND. BB,
DHEERE LTR I VENH DD, SATHIZEEE T
B EIIE <D —F, ROLBELEFERRE
TN, EEOIThE, BRERFEL2VWERE, £h
ko T En—oDEAL TEETAZ LI
S>TERLND. OB, RAYTHIST BT,
UFDLX5iz7k5.

(my +4mg)X,
Xy

u

—(my + Amy) e @1

T,
Am,, BB m, TERB (RAR) OSMEE,
Amy, B my XFF - BEE (A EALTHEE
7)) OBMEE
L, RECTTREERTE, ZOL5RHER
fTo T,

28, REGRTHEERTI, EEXT2EeT
BT AN TBEZEOREE 23 [vIE—EIC LT
BIEZ#IToTWA. 20k, BHEERORIHRIEL
BIER R OBMTIME N TOIRVIREET, #9 026 [mm] &
2B

4. EBER

EBTR, RIELE-ERREEBAEEN—ALHE
HARBEY T BT B A DENENIIONT, EEA
EEITS.

41 ERA—-RELIZBTHEERMNE EEZEE
NR—R FIZBAH, N AOBBEZTRVWEETE
BREZITY. B, HEZWET D LE20EER
BICBITAXFBEDOIEEEK S IRT. fiRLizL )
I, MEREEEBRIRBOBAESREELI D
LOBRELTWDH, AT ppET 20 [umE
EORBRESBRHIN TS, ZOREADO—2L L
T, EROBRIERICE, HIBREOBRENEET S
ZEMBEF BRI ENFETONRD. ERIZ, BR
BRBEEDA VSV RSEOEH» DX OBFEEc &
WETDHL, c=9.0x10" ERoTN5B.

DI, 76~108 [g)P&EET, FUTNVEEE 4 [g]



FREVHTIRE 2 FH L RS EBAEREORE 41

TeiT 9 ERE LIRERER 6 RUR 2107, RO
AR o3, KREDPERDIEHLDTHS.
m, —m,

........................... (22)

my

m,  REEOKE, m,  BROHEERE

L, EEOERL LT, BEXRME (SEE
000lg) THIELZEERAVWTWS, EEOER L
EEE OBGREBR/P_RIELBALTRDB &,

';111 =1.006m, ~0.052 =+ +eevvrereanineeas 23)

T, AR m, =m, \[OEL, BREFREREVZB.
Fie, EpbbMS X, HMEE ¢ 1TZRAT 08
(%), T 05[%]TH5.

SER, WEOLERERAHTD, WEEREE 74
~106 [g]& ) 2 [T 5 LTRIBRITo R ER
3IRY. ZOBEIE, EROERIHTEMEE O
e

—_ b
(=R

20 1 2 I 2 3

0 0.2 0.4 0.6 0.8 1
Time[sec]

Displacement[pm]
(=]

Fig.5 Steady-state response of the table when the
apparatus is fixed to a massive base
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Fig.6 Measurement results on the massive base
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Table 2 Measurement results on the massive base

Actual mass [g] Measured mass [g] Error [%]
76.484 76.966 0.63
80.484 81.032 0.68
84.484 84.986 0.59
88.484 88.823 0.38
92.484 92.709 0.24
96.484 96.689 0.21
100.484 100.932 0.45
104.484 105.311 0.79
108.484 109.157 0.62

Table 3 Mcasurement results on the massive base

Actual mass [g] Measured mass [g] Error [%]
74.006 74.004 0.00
78.006 78.025 0.02
82.006 81.954 0.06
86.006 86.228 0.26
90.006 90.223 0.24
94.006 94.118 0.12
98.006 97.835 0.17
102.006 102.062 0.05
106.006 106.216 0.20




42 JERIE R BRIR S £ F A LIRS E B HE R E QRS

HThHLEZLND.
OF, BEEEY L CHEZNELLREREREZR9
RO 41TRY. EROER L PEMRLE OBRIL,

,;,u =1.016m, —1.356 +rreveeerrnnenenes (25)

T, EROBXIL1.006 55 1.016 L VLI LT 5.
i, ERUEL S REMRBOEETCHI LEX
bivs. LpLnb, RAanbbds X, Mz
BHEDORKEIL 04 [%), FHHEIL02 [%)T, BEE~—
A ERXBITHRETORELRREIINE > TWA.

4-3 MEAEISONT AREEBOREE LT
JREEECIE, SMRICEEEERE L QO B RENERER
ETIHEB LAV RT3, AT, R
FERTRTHIEICE-T, EFREICESETO
EEREBIZBNTHOXFEORE2MHICE5 L%

Plate springs

Fig.7 Schematic drawing of the experimental apparatus
on a flexible structure
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Fig.9 Measurement results on the flexible structure

Table 4 Measurement results on the frexible structure

Actual mass [g] Measured mass [g] Error [%]

— 74.006 73.960 0.06

E,L 78.006 77.845 0.21

g 82.006 81.779 0.28
5

3 86.006 86.002 0.00

g 90.006 90.118 0.12

o 02 04 06 08 1 94.006 94.008 0.00

Timefsec] : 8.006 98.139 0.14

102.006 102.404 0.39

Fig.8 Steady-state response of the table when the 106.006 106.300 0.28

apparatus is fixed to the flexible structure
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Fig.11 Displacement of the table when the excitation
signals shown in Fig.10 are applied.






