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Optimal design of an inerter dynamic vibration absorber for
control of a lifting platform considering SSI effect
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Abstract; When the lifting platform works at heights in the outside field, river beach and other environments, the
dynamic interaction between the soft soil and outriggers of lifting platform will change the dynamic characteristics of
the lifting platform system. In this paper, three dynamic models of lifting platform, which are incorporated with
three different inerter dynamic vibration absorber (I-DVA) systems defined as SIS, SPIS-1 and SPIS-2, are
presented with the consideration of soil-structure interaction. The expression of the amplification factor and the
displacement mean square value of the operating platform is derived under harmonic and random force excitation,
respectively. The optimal stiffness ratios and damping ratios of the I-DVAs are obtained based on H_ and H,
optimization criteria by genetic algorithm in terms of three different soil foundations. The vibration reduction
performance of three I-DVA systems is evaluated under the conditions of their optimal design parameters. The

numerical studies show that; SPIS-2 performs the most effective vibration reduction, which not only suppress the
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resonance amplitude of the lifting platform, but also widen the frequency bandwidth. The soil-structure interaction
can reduce the amplification factor under harmonic excitation and the mean square value under random excitation of
the operating platform. The soil-structure interaction influences the optimal design parameters of the inerter systems
insignificantly under harmonic and random excitation. Therefore, some empirical formulations of the optimal
parameters for I-DVAs are fitted in order to provide reference for the vibration reduction design of lifting platform.
Key words: lifting platform; SSI effect; inerter dynamic vibration absorber; parameter optimization; empirical

formula
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Fig. 1 Lifting platform and its three different dynamic vibration absorber mechanical models considering SSI effect
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Fig.2 Flowchart of genetic algorithm
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Table 1 Basic parameters and impedance of three foundation soils

AL SIYE V. (m/s)

FAEBTEE p/ (kg/m®) Ay WIEERECE/(N/m)  BLEFRE ¢/ (N - s/m)

g 4 500
Pkt 250
st 150

2400 0.15 1.95x10° 2.61x10°
1800 0.30 4.44x10% 4.88x10%
1400 0.42 1.50x10% 1.37x10%

2.1 EE SSI M HBR 7 & S HL T
AT IERAAD T 5T H, SR PEAE HARR TR P 6 A s R IR IR OR 5y, SR AT GA B Pk 5
5 BUBUBTEE D 0.05,0.25.,0.5 0, 2350 3 RS AR SR e e b i R AR b 3 FOR TR R RS T
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Table 2 Fitting formula of the vibration reduction models considering SSI effect under harmonic excitation

R ks BURE L PRE BEtL A AKX
SIS B & 0.05 0.090 0.090 0.090 £,=-3.0378"+4.63158°-2.8038%+1.0565+0.043 9
0.25 0.193 0.193 0.194
0.50 0.260 0.260 0.262
NI L B 0.05 0.098 0.098 0.097 B=-0.34496*+0.64456° —1.0475 +2.0046-0.000 13
0.25 0.444 0.444 0.443
0.50 0.800 0.799 0.796
SPIS-1  FHEHE  0.05 0.006 0.006 0.006 £,=0.81716"-1.2376>+0.6366>+0.137 65-0.001 94
0.25 0.056 0.056 0.056
0.50 0.122 0.122 0.123
NI L B 0.05 0.091 0.091 0.091 B=-1.8876*+3.8236° —3.6065% +1.9656+0.000 974
0.25 0.320 0.319 0.319
0.50 0.443 0.442 0.441
SPIs-2  PFHJEHE,  0.05 0.007 0.007 0.007 £,=-6.7695*+6.718° -0.816 85> +0.303 65-0.006 549
0.25 0.104 0.104 0.103
0.50 0.353 0.357 0.349
NI L B 0.05 0.105 0.105 0.105 B=-29.476*+32.165> —6.7398% +2.9296-0.029 12
0.25 0.688 0.687 0.683
0.50 1.919 1.930 1.951
3 - 0.6 oy
= HfEf#SIS) = AR (SIS)
o5l 4 BFLfi#(SPIS-1) osk 4 B A (SPIS-1)
’ o KU{Efif#(SPIS-2) < e Hfff#(SPIS-2)
" 2215/ 3(SIS) ) 25583 (SIS)
g 20F —- -2\ 5(SPIS-1) » w5 0.4F —- - 2285/ 5 (SPIS-1)
i — — 2855 50(SPIS-2) . = - — Z55/55(SPIS-2) »
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Fig.3 Comparison of empirical formula and analytical solution for [-DVA models under harmonic excitation considering SSI effect
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JTEFENIEE L B FIBHJE LU &, 78 A i) = 4 il T A0 25 i 2 R &L 4 Bz o el TR AT R, 52 A% 2407 (L7 T 8 LG B (L
DX ] PAY 22 B 3 32 i A 34, W LU 1 2 A% 107 (MBS D o O P B8 A 1] 3 DX ) B BRE, DT AN A B,
APE] MERET R AERENS AL FE HAB LR ST — 220k . LS5 2 B0 2286 2 URI5 18 SST AR, Y 4% I iR
B AORELAF AT X L, AR 5 Fes ol AT 0 AR SCHE IO 280 22 3045 5 58 SST RN A B ) LTS8 2
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Table 3 Fitting formula of the models considering SSI effect under random excitation
AL ks s BUEK et iRt EEsd AL
SIS FEIE L ¢, 0.05 0.112 0.112 0.112 £,=-3.7598+5.4675°-3.1945%+1.2985+0.054 5
0.25 0.250 0.250 0.250
0.50 0.354 0.354 0.354
MIEHB  0.05 0.100 0.100 0.100 B=-0.009 65*+0.0136>-0.0118%+1.9995+0.000 012
0.25 0.499 0.499 0.499
0.50 0.998 0.998 0.996
Spis-1  FHJEIL &, 0.05 0.005 0.005 0.006 £,=0.58746*-0.926 56° +0.5478%+0. 114 95-0.001 644
0.25 0.049 0.049 0.050
0.50 0.113 0.113 0.115
MIEELB  0.05 0.093 0.093 0.093 B=-1.2528*+2.6418%-2.7436 +1.9765+0.000 685
0.25 0.360 0.360 0.358
0.50 0.555 0.555 0.552
spis-2  FHEIL &, 0.05 0.226 0.226 0.227 £,=-2.6675*+3.5885°-0.579 16°~0.416 16+0.247 8
0.25 0.153 0.153 0.154
0.50 0.177 0.177 0.176
NIEEE B 0.05 1.000 1.000 1.000 —
0.25 1.000 1.000 1.000
0.50 1.000 1.000 1.000
PR I {HI, PR I {EL,
11.0 - V—— 10.64 1.00 10.64
{8/1‘}; 10.41
: 0.98 10.18
~ 9.94
m 9.71 - 9.944
= 9.48 33 0.96 9.712
g 9.5 i 9.480
o 9.02 = 0.94 9.248
S;E 9.016
.32 0.92 8.784
0 8.552
. 0.90 ; 8.320

(a) (PRSI 5 (BRI H ATREE H AR 1k G — 2 il 1t
4 SPIS-2 RS LB FERNELLFIBER LT E (6=0.2)

Fig.4 Variation of the displacement mean square value of primary system of the
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