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Balancing Machine Using Dynamic Vibration Absorber
(Measurement with an Undamped Dynamic Vibration Absorber)

Takeshi MIZUNO, Kazuya KITAJIMA and Kenji ARAKI

A new type of balancing machine is proposed which uses a dynamic vibration absorber as a
device measuring unbalance. When an unbalanced rotor rotates, centrifugal forces are generated
which result in sinusoidal forces being transmitted to the supporting structure. An undamped
dynamic vibration absorber is attached to the structure in the proposed machine. When it is tuned
to resonate at the test rotational speed, the structure does not move at all; the auxiliary system
vibrates in such a way that the phase angle between the displacement of auxiliary mass and the
sinusoidal force is exactly 180 degrees and that the product of the auxiliary mass and the amplitude
of its vibration is equal to the amount of unbalance. Therefore, the motion of the auxiliary mass
provides sufficient information for balancing the rotor. The principles and features of the proposed

machine are investigated, and experiments are carried out using the developed apparatus. The
results demonstrate the feasibility of the proposed balancing machine.

Key Words :
Vibration, Antiresonance

1. ¥

HE#EICE T, HEAORHEHIR, BEEEFAD
BRHEORWEANEEL, BALBERBRELORREELS.
D7z, HEBHROHESEE, HEBREEFOERIT
BO—2&B-ThY, #EIS, WAWALUEHOHE
WRBEIERIN TN BN,

AFRTIE, HEZEBEO—DL LTERINTL3HR
RREAFIRTAIHFLVEROHEVERBZRETS. B
REE I, HEARPIC R LERENS BRI FER
DHIFBZER - THEREDREHRD HOTH Y, BRIE
BOBHRDP S LOREHOADIIHLTE, ©TL2E
HIES R, THOLLHRNRVOEERBEFICT 5B
2557, ToL)nHBERENERINTNS EEK
i, BREZOHHERIZ, hEXFLTHENNROR
Hick - T, SHEMEMICERATINHERRIITBHT
IACEH LTS, Liedt-T, 20R#H S, FliRt
BMCERTHIANOREX LNBEERICEDS &0

[l

* 19934 11 B 15 H Asia-Pacific Vibration Conference
93 i BV N, FRRM FHRE6FIATH.

*ER, MEAFETEN (@338 MM T AL 255).

* EEHEHERAR (@100 BT REEEH 1-4-1).

Balancing, Rotor, Dynamic Vibration Absorber, Measurement, Forced Vibration,

T&3. XETIR, ZORBEAALLARHEODOHES
BB UEBEREERL BT Rl EERICONT

BB,
2. WEFEE &FE

2.1 MERE ZERLAJHLSVEBRBONTERZ
B1Z2ANTHAT . KT, SRk ICE>TXHFENT
WERBREm, LT, ABREEK., FEEEE.TEHELT
WA, RBEICI, BEERm, &k, ETHRINDE
BERIWDHIFONTHNS. EEKEREE VNS5
&, BYHERRRRAO L Hickws7.

mpXp=—KkpXxp—ka(Xp—Xa) + p(1) @
maXa=—Ka(Xq=%p) @
X, X, HBRE, WBEBOKN
m,=my+m,

p)=Fycosat, Fy= me.‘:m2
m, : AEIEVER
e WP LRM SANEVERE TORR
ST, AHEWHEARMORMRER
x,(1) = X 08 o1, x,(t) =X cos it €)]

HREL, RQ), QIKRATSE, KEX,, X, 2KRDOLS
Ik ohs.

— 181 —



520 HREREFALLYECRABER OB

X 2
F-s ~ @
Pylk =~ 2k
‘ P(H%—%Xlgp—f
P a P
X, _ 1 ,
PO;kP (1+_I£¢1_w_2)(1_“’_2 _fﬂ ®
w

H@), (2o, E¥AEE L HRIRF[OEHRBBE H—H
THEE, TADL

»=w, ©®
LB L& DEQLIRMRIEILT S &b 5.
X,= 0]
X =_£g=_m,ew:
a k, k, ®
m
ST
ome=-m.X, ()]

KODPSLIB LI, REPYPSFVORZIR, HPHHEE S
ZORYOKIE LORKICHEL L, RHYEWHOMHII, #
BHRBRORHOMME B & 5 L180[deg]TR TN 5. L
T, RRRBOWHEROEH, S, FPLVREZ
DALBERD D Z EDAEEIZNL B.

e, UEDOLI BARHEODIE I, SE50ER
BIZ2 DORRELERY, ThEhoBREBCHRKRS %
WA TRET AMBEETEERI-T, BHFAHEVO
AEICHERATH LTS,

2.2 MEHFEOK® RRKOBLHEFRLLHE
WEREIZ, EERESERT 5L ZORHAOEFRDE
CERAEREELOBENIS, VI MILTEN—FFA
TIKRHTHIENTES. V7 M7 A TIR, Rk
BEZEZ B0, HUBdbhEH3ThRxE, BEY
AOEEFTILENDS. Lih-T, AREEGKELEX
KXRTBESIIIERNE L. W lF), N—F51T
Tk, COXI BT HREITLHELOD, FOANERIC
Eb 31, BROEZMIBEOEMERENE (LS. &
Ofc, RELVIEEOROVRME AT 21Cid, RREERK
BREOHOEL LOERIERITSLESSh T3,

chics U, FREETIR, ARSI e BRkiEk
BRE-T, BB EDL > THELIFRHEVHOER%E
THl L, AREORBEFICLARBTAHEVLEAE
T5. Likd->T, BOIRERICEDLE I LENLVD
T, KEGHBAZMLHEL LWL, 2o, RHOREET
EANPBILVRETOMERICEL TS EELI SR
3. Fik, RS DLMB LI, HYHROKEIL R

BOHRL EOFLEERPOXLBEZTINVOT, FHE
BoOLEREN. 512, MBEBROREOREIIHEE
BOKESIKRRATIOT, MBEHBERRTIILK
£oT, WEBRELXRETEIWEEXDS. THubL,
WYHEBENSSTEI LR ELT, BHEROEHER

®1 EEEFINV

W3y P E2EABOTRIEBED M L E2 RN 5 T #
255,

Dol &0, BRRBZEFALLHEORBRBIT,
WEH/NRETEE THREEDO D DVADEET IS &NT
DR ER > THHLERS.

3. EREE

3.1 EEomE REITITHEVNUEHEORY
HEEIT BLHICRELLEBEOBELR2ITRT. 2
HOBRREN LU TR -ZARELGINTHEIRARE LI
B, DCE—¥HBEEEN, ToEEHKRRORRE
EARIR IO TS, ik, RBHEOMmIKIE, BY
BETI7F ax—57 &7 AEBEHRIRSE VIS oNT
WA COBRKRSE T, BPERICHEYTIHS (T
L) M—ERTY V7L - TEBEXFEINTED, &
HHIC—HOBRAVEE SN TH3. BHEAGORSIN
B, 7L0EMICHA LTERANEL B LI CHEE
ha bbb, COBRIRBTIRT 4 — K3y 7 I
Lo THARXEREEMIBELERT 3.

HBREEXL, EEOmm, & X6mm, H&0.2g0 MR
DHOT, HEOREICXVABRI SN TS, ERT
i3, CORXABLTHEOME - KEXEEH>FAHBEN
MY 5.

3.2 XREBOEFI KREETI, APHHERK
HYT WAL —WMTRIEXRFRLTS0T, RIERL
TEFRETFNERETREIPHEER >TSE. 22
T, UTTHR, FEBRBOTHORALFRIESHTARS
AOORENTRETHSZ EERT

FEBREBOWHEFNERIILRT. 7—LDERNAA
PRNTHBETHE, FEEICETIELFERR U
FTokiiekpohs® O,

(my+ ma) X1+Cik+ kx+ ma 2= p(8) (10)
maky + moky —kyxy =~k i an
ZZT,

m  RBREOHR (£-2UEEEE)

— 182 —



BRIEZEFALLHGVUEABROMR 521

Plate spring
Vibration
absorber 1 Plate spring
®
Frame Displacement
sensor
Displacement
sensor Base
K2 sBEEOmE
”‘_1_>
p()
o0
my -
kqx
F, F, 1%1
- ]
if i -~
€%

Fy

K3 SEBREEOHETTIV
(F,,F, : BRHOES1/)

my,: 7T —LOHR, x :HBREOENM

kpc, t RBRBER-Z2DHDEhEYN. BERE
me: AHAEVER, o EEEE

I, : 7T—LDOXGHHoHEL, BRAEETOER
I:7-L0ELEDOEEE-X V|

ky ok, BREAOORHFEHY

p(f)=Pycoswt, p0=mega,2’ x,=1,0
k“=2k,';—;, k2=2ks(l_¢)2_%

I be

ZIT, HABHRET - LARUK JUERICKALTOE
DEHICEZIEE LTS,
iz paxy + Xy (12)
HREVEEINTEHIED (=0) &LT, RADH»roH
BiRBEEOHFRERD S L, KADLH LS.
Moks+kupyka + (kypg—k) %, =0 13)
RUYP 5, BRFRBOEERD L JUVERBIEIENENL
DEDLIHIIKDONS.
kde"kz (14)
m

1
mu=m2+~l—2,

a)2=

a

k
&= m":;h @15)

A1), 1525, CHhoDHEEMER, FuEIU0EET 1« —
Ry 7 D5 A VICE > TRETEZZ Edthh 5.
DER, BET74— KRy 7%, bbb

i=pgx; (16)
E LB EDRERDERIGELRDS. Ok,
x,() =X cos @, x,(f)=X,cos wt an

&k &, K1), A, AO» X, X, KD L, RAD

EIHIRNS.
2

[13)
X 1=
PIE " 2 =2 2 2 a8
o’ ™ - Y IR L S
{1 (1+M)w$+2§1w]1}(1 wzz) k‘kaw
X Z’zwz
2 a
P,lk, 3 (9)

- W o w2 Mg
{1- (1+M)‘a—,'5+2C1$1.1}(1 - ';’2'2‘) - mw

R 5, BRIRJ[OER BB B & BEEE L0 —~HT 5
LEBRBEORBAFTELELDLNIRRETES. J0L
&, RO oD FORFELEONS.

Xp=-2E o me=-mX, (20)

EEeFNV (R18R) OPALFARI, T—L0EBO
BERAHACORES LHPEROKICELL, T8
O EDRAARE12180[degl &L B, SO LS, BIBRE
DT —LDEHHISAHEVDMBL IV REIZHEET
B E0HNB.

HE, BRNICIEREEHRIRS LEEERERRT
BLEINBEET 4 — PNy 7RSEHVN, #8535k
I, RBRIRHIBEOEE T «— KXy 7 RN
TS0,

3.3 @ MEAFL ERICAWEBOHET
2RI, ERVXFLOBKERAISRT.

HREHLUT - LOZH, ThEhBESRES X
UHTEREL U TRIEL TV, 3iEiR, REREL
BRTIOIHAL TS, i, BRAOHBICIIEN
FEET v LERNTHS.
B74—FNy /s OREXR, FEED AL -4%
ERNITOTSSTTINFA VY RFLICE-T, Y
Ea— 0 S50R4GBICIGUTHREENS. a2 —F
K, E-fRmbHiohiczya-HhoDEE5LA
HERTHBDT, FEEEICEDETEMT 41— Xy
TEEZD I EDREIIHRETS > T 3.

TRENTO 384 ABRBOAEREIZ, OE¥EL
ZATHAHEVOKREIPUBOHFRMENTHEVLS
I, WALAHBIRITEINTHED®, kHETH, i
BERDBDICFFT7FSAFEHALTH5. BHy
121, BE—S Il ity a—-SEENSEEICRLY

—183 —



522 BRERZFBALLHEVRABRBORE

1 EBREEOHET

Parameter Value
my 16.7 kg
my 1.13 kg
ky 5.32x10° N/m
I 2.82 x 103 kgm?
3 1.72x10% Ns/m
k, 279x10* N/m
k; 2.81x101 N/A
Ig 65.0 mm
h 95.0 mm
Programmable
gain system
r==---= 1
d [} I
& | Py )
' 1 +
1 1
[} 1 +
- Pa }—
' )
1 [}
Ly oo -]
Computer |eg—
Absorber [
q Sensor
Y
Electro- Capacitive .
magnets Amplifiers
Reference
- anii{rscr -t signal |t
generator

K4 FHE - B8 2T L

UNRBERTFHHERESYE, COBSET —LOEMES
EOMMEEF FTIRL > THKRD, FHEVOMEBEEHRD

T3,
4. KRR

AN, BRRE MO OMELE RO TR ~3.
RS, LT 4— KNy 7 FREBERBE EDOBEE
ARLUTHS. L, ROHEERLT, @2 s LT
5. CORENS, EERBHMENIS~TSHzORME TEL
Shalidbis. K6, BEERBNE27.1HzERE

0.1f

0 2 4 6 8 10 12
Displacement feedback gain Py x10° A/m
K5 Zhr7 4 — KNy 7 & EEHRBE

0.3

o
)

Damping factor §,
e

0 20 . 3b I 60
Velocity feedback gain p, As/m
B6 HET— PNy BERFR

L& EOBEET 4 — K5y 7 b1 5 RERBENE
LR ERLTHS. RMEICESHTHET+—F
Ny 7 bRBEBEOMRERND_FETEMULTAH S &,
DEDLHIARNESNB.

£2=~9.72x10"2 + 6.72x103p, @1

KRS, FEEEBRES L EMTREERTIHEIC
b, HAASMBEOEET 4 — KX INRBETHEI &
Kbk CORER, BREAOOBBE®R S U TERNE
7o TERAOTHEN, HREENFREOOVIIID, 1

VEI I VADEBILL > THRABE LIANEREOM
ICAABNDE L TR THEEEZL NS,

BRI ICBRENFET A DI LS AERER,
ZiEE,=0.001, AR EHE =1626pme LTHELTH S
& AYAVBRORZ XU TIZ-091%, (@EICEL TR
0.05[deg]&75%. LT THBRBZAHEVOMEERTE, 7
- LOEBHHPAREIK L OEHET, TELLURER
PNELRBEIICHET - FRNy 7BREFBLTY
3. RBOBERERQDD & ) EEANED &K DISEMUR
NORMBBE, 0.001LLTF LS.

— 184 —



BRRBEEFAL PO RBRBORR 523
2 FOEVEGERER  (1626mpm, Gl - KEFEE D)
(a) m,£=25.1 gmm
location of unbalance [deg] 0 45 90 135 180 | 225 | 270 | 315 |average
amount of original 23.6] 237| 22.8f 220 21.8[ 223] 230/ 23.6{ 228
unbalance [gmm] |calibrated 25.6| 257 24.8| 239 236 242] 250 25.6| 248
error of measured location [deg] 1.9/ -0.1f -03] -1.0 1.5 4.0 3.8 3.2 1.6
(b) m.£=50.2 gmm
location of unbalance [deg] 0 45 90 135 180 | 225 | 270 | 315 |average
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unbalance [gmm] |calibrated 502| 51.1] 50.5| 485| 486 494| 50.6; S51.0 500
error of measured location [deg] 1.6] -13| -19] -19f -0.9 0.1 0.1 03 -05
90(deg] 90[deg)
180(deg] Ofdeg] 180(deg] 0[deg]
270[deg] 270[deg]
(a) 1422 rpm (b) 1626 rpm
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270[deg] 270[deg]
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