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Abstract

This article presents exact algebraic solutions to optimization problems of a double-mass dynamic vibration absorber
(DVA) attached to a viscous damped primary system. The series-type double-mass DVA was optimized using three
optimization criteria (the H., optimization, H, optimization, and stability maximization criteria), and exact algebraic
solutions were successfully obtained for all of them. It is extremely difficult to optimize DVAs when there is damping
in the primary system. Even in the optimization of the simpler single-mass DVA, exact solutions have been obtained
only for the H> optimization and stability maximization criteria. For H. optimization, only numerical solutions and an
approximate perturbation solution have been obtained. Regarding double-mass DVAs, an exact algebraic solution could
not be obtained in this study in the case where a parallel-type DVA is attached to the damped primary system. For the
series-type double mass DVA, which was the focus of the present study, an exact algebraic solution was obtained for the
force excitation system, in which the disturbance force acts directly on the primary mass; however, an algebraic solution
was not obtained for the displacement excitation system, in which the foundation of the system is subjected to a periodic
displacement. Because all actual vibration systems involve damping, the results obtained in this study are expected to be
useful in the design of actual DVAs. Furthermore, it is a great surprise that an exact algebraic solution exists even for such
complex optimization problems of a linear vibration system.
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H, Optimization, Stability Maximization, Algebraic Manipulations
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Fig. 1: Analytical model of a series-type dynamic vibration absorber (DVA) attached to a damped primary system

subjected to force or motion excitation
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5. BN, ZODORIRROEIZFLLTERMLD, RO 3 LETOREAGEAVFONS.
fi=5—6r+r*—24{2+ < 63terms > +16L ujvivi =0
fr=2-2r1—882 — 1283+ < 124terms > —8Zuuavivg =0 (19)
f5 =163 — 168§ — 4vg +4r*vi+ < 27terms > +167uvAvi =0
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(d) Stability index maximized by the stability criterion
Fig. 6: Minimized or maximized performance indices

obtained using the three optimization criteria
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(d) Response optimized by the stability criterion
Fig. 7: Optimized responses of the primary system
with DVAs with u = 0.05



ZIT, HIREDEE hpax B () TEHBINBNRATA—X r TESHZISNTWS., ZOLELHL, X (19)

DEFIZABRPEENRVEIICTEOICHE SNz, ZOEBIZED, hpe Z2BAMET 2 RE X r 2 500
b 2fEICESTZ 5N 5.

H,, 5 iz B W TERET RENT A =X OBUE 5[ (up,v,vp,(5,r) THD. TNWPR, N9 IZBVWTER
SN AREROBIL, ZOREMMEZ A DIZBHELRELD B 2 213D 0w, FRoo—>0RiE, FULH
BINEZZDOORIEROES I 2H0/MET 2 WS RN SENPNSE. ZOMINMPZRSEME, HRSOES2XKT
BETH D r 2D 4 fHDNF A =X TEMH LRI SR FER S RVWE WS &, Thbb

ar or or ar
b‘%i%?b”hé iﬁgiﬂlﬁ,fg,%il}ﬁ ODEP HENBDOT, RQOIKRDESIZESHMZ LI ENTE S,
[ or 179/ dfi dfi 9fi . 7
220 0 || th e [d
w1 oA dus v avs 3G | | o
or dfy dfy dfr df> dv
dr|l=]0 2 o || 22T L2 =|o 21
g /> Iup v Ive 3G | | 4y, @b
dr 0
o o 2 ||2pananan| ]
L dfs] Ldug dv dvg &3] L=

ZOAMPERIZ0 D701, RFD 317450 31789 SFESNLERD 3 x3 OV A C/MTHABE Tz
mhiX kv, Tbb

9fi dfi Ifi dfi dfi Ifi
dv dvp &3 8;13 v dvg
_|9f2 dfa fa| | 9fr dfa 02|
=15y avs 96| = 557 ous ov avs| =0 @
ofs 9fs 9f3 9f 9fs 95
v dvg 903 dug dv dvg

Ino DTNz R L TEIET 5 L, ROBAFHE SHEHOHRAIBFONSD.

(23)
f5=2—8r7+12r* —8r° + 2% — 322+ < 11724 terms > —20483 uppv8vi0 =

FHRER(19) & 23) I EDDRMBZED 5 G FREXNEHEKT 5. Z0EN HRENIEFIZLZ S DHEEZEGA
TH Y RBUHE TR 2. BUEMIZR N 78S R, SRR IR U TEL L TW 2R =D O BEf%R

fo =166 uppv? — 16128 G uppvi+ < 8769 terms > +128¢] uutPvivil =0 }
0

up=v>—1, vvg=1 (24)
M, ERBELEDHLZGECHBILTCWEZ e 2HERL-. ZoBERAE2R 19 & 23) IZRAT S L

fi=(1—r2 =482 +403vH)(5—rF — 4L +4u—4v2 +4532vH) =0
H=3-4r +r* —16{2+ < 16terms > +168§v4 =0, f3=—fi 25)
fa=(3—4r +r* —16{2+ < 10terms > — 1643 v (261 — 2r2C1/.H—<<75terms>>+16ClC3v7 =
f5s =30 —106r% + 140r* +847r° +-22/8 — 2r10 — 424(2+ < 939 terms > —512¢5uv!0 =
D& DIZRFBZEEA I NS, LA EODPORUIIODWTIREBOMINTWS. T TICBEMRIIES
WAHDT, EHLLDRBIZENEENT VD2 AMDLDIIRGTHS. £7, fi=0%M< L

G =/ =5+ P2+ 407 —du+4v2/(2v) (26)
INEH=0DRIRATS L, ROMAEHING.
2 2
V\/3 r 3C1+4H 27)
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RBIZ, N6 Q2N % HL=0IZRATDE, P IZETIRDA4RGEANRESNS.

fr=rP+ar®+ar*+azr* +a4=0

a1 = —4(1-482+20), @y =23(1 —4L7) +12(1— 48D + 442

a3 = —4[(1 — 487+ 6(1 4822w +4(1 —8L))u> — 84

as = [(1426)*(1 =47 +4p) — 4p?)[(1 - 281)* (1 - 487 +4u) — 4p’]
A (25) DERMAR f5=01F, MOHLEADMWRESND & AR NS, r OBME rpin 25X 5K (6) 1, X
(28) D—D2Df LTk O5ND. KX (5) ITRINFRD ORGEfEIE, T Offx X (27), (26) B LU (24) IZHARA
THILIZLoTHELNS.

=02 ZiziE, XNEYIIUTDOLS ICHNBIRTES.

(28)

foo = [ =2(1+2u)7 + 1+4p —4p°)> =0 (29)
NQ9) D—DDfEE LT, r DE/ME rpin BWIRD LS ITRKDSNS.
Fmin = \/14+2(1 —V2)u (30)

ZOADPSHHKT E L, BRERIINT S H, HolfEDX 8) PWEH IS,

11. #4 El
WBED H 5 IRE)RITELD (1) 2 — B S B RIRES O it 5% 51 50 DM R B R DL T - Tz, F DA
fiild, TR % 3217 % EH EEIRIRA I B W T DA TH > 7. Bikdkds D Hof{biE & U T =2 DRIH (He
wi#ft, H, f#ft, B LOZEERKL) Z2MEINEHA L2, AfE» 5/ 6 NMERIZTO®D TH 5.
1. Ho BB GIZH UTIRERE Y 7 o 22, H sol{bic L Tida sy 7o 407 v ARERE, £ LU TLEE
BRARARBETIX TR COMEERR TR 24) BFT 5. ZORFITERICEEEH D L SITHMLL, TDIZ
& TPERITH U T B IRk O ot F S 2 BN fR O T T 2 Z L AVAREIZ 22 5 7z
BHERIHLUTE, H. BolfEy H, Bolffi3dEmiz < BTwa.
H, BB & > TREZ G SN ZIRERTIE, = 20HIRAD & S RIREEA S < R B IHITKL 72 5.
ERIMIRR TIXEEEIC L2802 8EH U2, ZOEMEIE (G =02 T E#ERELZ 5 R 5.
LEERE CEIRRE 2 %Gt T 5L, TRTOERBEICK U CTIRERO LR SUIME— DT 5.
FRIZADLUTEREN DS &, BIRIRHFIC X 2 HIRMEIRIRIET M BT 5.
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