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Research on self-powered vibration suppression technology for marine structures
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SPVS (Self-Powered Vibration Suppression: SPVS)
PV

SPVS

Vibration of tower type marine structure could be a serious problem damaging
the structure and equipment. Vibration control technologies could resolve this issue. As a vibration
control technique requiring no external energy supply, Self-Powered Vibration Suppression (SPVS)
technology is proposed. However, since conventional design methodologies cannot apply to SPVS systems,
the design difficulty of SPVS system is a crucial issue. In this research, we developed design
methodology of SPVS system for marine structures based on structural optimization methodology.



X C—19, F—-19,
1. WFZEBAE S D 5
AR, T BRI EE OWRE T R L ¥ —F]
R OMEERERAFE A ER S Tish, 20
L R DR E M O EEMENm E - T
W5, BEEXOWEEREEDMIZIBWT, HES
AR K 2 HRE) 3 i K OV % o #8155 L [A]
ERDBRNBHY, ZOXMLEDO—DE LT
WREVRIEEE AT 23 8 2. IREVHIEEL T D —> &
LT, MDD X —HG N R E 2
Iz%%kbf,kw7ﬂvaﬁ@ﬁﬁ
(Self-Powered Vibration Suppression: SPVS)Z
BERRERINTWD., ZOHMIEET 7 T
2T —ZZHMHAL TR =X LX—hbE
NEWROHL, EET 7 Faxz—FZa il
A UAERCT 5 LCR IEEN:X% v FnD
Fi 2 llAE I FEF- B 1 , R A - X
n S YEE 773’*:1%57 WZEAE L, IREhC
K DN & Rkt MO T & BRI A S
HENTZHIR R 2 AT, B T
DWFIEr —7 N Th v, IRENHIE O 7= D5
FIE ) 2 A ST WIEEREEM I & > T, SN
T RIVX— N R 7 SPVS HEE I B An il iR
B2 9 5.

2. WO HR

SPVS #EE | IHEF OHEEER O A4V
— 723 T T, F$77%::%?@m%
NLTE S DXL FE S . T
@%ﬁ%@ﬁ%i%tkiﬁﬁétw,%@
RFFHZBWTH ZHITH L2 T uid s
57N, F£72, SPVS HEEOHIIRIERICB
T, A v FYVBEZICX 0 BEBENAMICK
s L, WEEWICEBENINDY, ZiunsE 8k
RENVZFRIEE LD D EWIHRIENRSHD. £Z T
AW ClE, U EOEEZSE 2, HEFTO
FIMZBHEE L7z, SPVS HEEICKITHERE
T Faz—H @HiLnxD+/£%*%%75

3. WOk
(1) EETY 7 Faxz—2DET ML
ARWgETIE, BHEEEYWOET L E LT,
K 1IoRT h T AEEEZ2D. ZTORTA
& DO IREY A2 I35 72912, SPVS [A# %
MAANTIEBT 7 F ax—H % b7 A
MIZEEBET D, NTAEEET VT ax—H
X 2 1Rt X ICESNICHATS. &2 T
AEBLREBT VF ax—F ORBEGAM L

05

a5

X1 @FEEEMETIL

Z—19 (dum

)

Piezoceramic stack PZT part  Truss part
M2 EET7VF1I—2HREAE

L, FET7 V/Faxz—XDREIZH LKL
L, kx5 2¢C, EFBT VFaxz—
HADORBELAT U Mﬁl@r%ﬂé

BT 7 Fax—2 T RIESNDBIENL,.
R HEBEVIR, BEEER T OENASL,.
Z2oNLBEMQEHNTRDO LS ITESN
2.

fp = kp6l, — bpQ (1)
:—%&p+§- (2
P
7=72L
_ Apész
kp - lp(€33533 - d§3) ®)
_ ds3
bp - np(533533 - d§3) @
2 _ g2
R ®
ky,, by, , XENENEET V F a2z —

&@%ﬁﬁﬁ@mﬁ JEEAR, v N
VABFRT, Fims, d e 1L, WIS
AT AER, F%E§ FERERT.Z
NOE__ODORXNEET 7V F a2 —2ZNOHE
JEREBER O A2 R T IR D,
LSE, EET V7 Faz—XE FTATEEN
[| Uil /7 75 m Wi &2 8 - T % & Bk
HZET JEBT 7 F 2z —ZDORELEEIC
O EAME, BROEART MLVOZERE % [H]
BT D~ OEBRZEFOEMITRO L HICHE
TIENTXD.

l

&:%& (6)

P
[EET 7 F 2=—HF X, Fig. 2, Fig. 3 T
EIOICEBHRT. 2N EIHOBREL.
i nseRE LRI TS, £
NENORIMEZ Ky, ky ky, ET D& JEET
JFax—RIIKIFEND5ET f,, EE
V IXEET 7T ax— ¥ Efu,, EQ %
ANWTRO LS ICERES

fa = kqttq = baQ (7

V = —byu, + % (8)

a



o el + k) ©
T kit +k,
bk
bg = m (10)
1 b2
€5 = (= L )1 (11)

Cy kithothy

(2) BT NT — RERE) I

SPVS HEEIZBWT, T AEMICEE S
NAKIEET 7/ Fax—x%, B, Fv3
vH, it LT, SRA v Hx oK, R
A v FRBREINK 3 17T L 57 LCR [
AR, SPVS HEE TIEK 4 1R T X9
B DA A~ FOMAZGIET L2 LTk
v, EfrE L CHEERIRY OFBER T R L¥—
BEZD. AL v TF AN LTI, WEN
IED & X TEMBBD LD, HENAD L
ZITEMAEIMLIAD D, LavL, BRFOW
D (DWW ITEXIEETH Y ke
Tl 72 W26, AA v FHIENEANC X 0 EAL
DY —7 TAA v T %8O E A JH 0 -
SOMPETAT D Z & T, BHIXRDOEN D
E—7 ETCOMFOY— I HEEHERFTS. =
NICEVIEHo R L —RNERTRLTX—
ICHERL LS, EEhRmilsns.
(3) fHIifIAE &

Bz EAE Y & ETEAE S Y O IR BN O FE T,
GRS S, [ Eo L5 BB S

PZT part
X3 SPVSZE®D LCR EH

Displacement
Electric charge

L L \I
0 LN 2l 3w 4nlw
cl cl cl cl

t

X4 SPVSEBIZBIITS
EREERE

JE DN WRIR DG AT BN, K
L, b D BRI KK D K 912K
XRBEEFF > TV DEA XA HTRA
EVORENCIVEE L WD EEZDIN
ERNbDH., ZOREBEINEEHFRE V.
Z VTR A B S W RIE, IR
B U 7o AR ) % BRI AR s B 52 0 2 Bl 5
L, A EZoMmKoEENSEINLT-
X OITIERES.

ARG TIE. fEELO 7= 8 J& DH A ARG
JEMEME Z R 7 W R TH D ERE L
BHZEITY. K5 IRT L9 I8 a DR
FO MM # LRI & x dil 7 ) ~Esh 32
EEZDE, FEENI2 R TREEZD Z
ENTE, 20L&, MEOHERT vy
e it OB YIx T ST X R
Ap =0,AY = 0D fiF FIFEEHEU LV IRD K
2/EBND

a’u a’u
Q= —Tcose,lp = Tsin@ (12)

BERT VY VOIL, A T7—DARNE T
HITH5Z2ETHROEHIZERESD.

a’Uu a’U

Pty ret® z 13
el
z=x+iy=re' (14)
F, AX—ADOFHLLY
d¢ q° (
S 15)
p atp Zp

Z 2 Cq, plEIi i E AR E A AT, K
(12),(13), L W XWB) 2 LT+ % &

7 a2U2 a4—u2
2 cos26 — >
MRS 2RI Dxplsy . yikisr % Py, P,
LB E. UFDOXYICEHETE B,

27
P, = —f P|,—4 cosO * adb
0

(16)

— 22 9
p=a rcos +

(17)
= —pna?U

2
@:—j P|,—q Sin6 * adf = 0 (18)
0

EX S5 L9 I HAILER O 7 1h)
IR EENZ ] U7 iR D 5200 5 2 & i
DD INEE O B EH D —pra 3D
MIWVERE L 725, LALLM RE &2 S
WNZVER S ik 2179 .

(4) Shock Response Spectrum

Shock Response Spectrum (SRS) & (3 ##iE%
DEE\ T 2 B LT 5 FiEDO—>
THY, TOREWIZH 5 HPHN CEGIEE)
BarolsmiREINTWDS EREL, £
NxE1IHHERTTXCEEL, FhEho
[ A IR B2 T D Es DT DB ) & BT



X5 NRABE=ETIL

strain

Switiching point

time

® 6 SPVS#E Z RN R LR

BRI, AL, HEE, EREZATINL, HEIC
X4 DI E & O — H HER O A IRE)E

TLICEE AT O . Z OfED SRS & FEITH,

MED ~DRE S EEBEY G 2 5 H 0T %
WAIEEE D, KRR TIEXEI T 7T 47
PRENHIEEOHIEHNIZ BT, K 612737 X
IS, AA v THYIVEZDOX A IV TEE
DRI SR K0 #ESE W2 8 B I o1
DDV, FHEEVNICKE S WD E %
wWIEER T RNNH D, I EEbEET 57
HIZ SRS HilfI = E AT 5.

SRS i Z K B2 dHT- > T, &L v K
%ﬁ@%ﬁ,ﬁﬁ,%ﬁ&%%ﬁ%ﬁﬂi@

B5., IhE 1 HHEREHSESZ LT
&@ EE) HFRAEED.

mu+c(u—2)+k(u—-2)=0 (19)

o=+k/m,Q=+mk/c &5,

u+g(u—2)+a)2(u—z)=0 (20)
U—z=y DIHRIEEE & 5 L ROREGS.
Y+g(Y—Z)+w2 =z (21)

EXEY, BAEARBE 0 2F> 1 BHER

W2 LT SRSEIZIRD L H 172 5.
SRS(w) = max|| y + Z|| = max|| ul| (22)

& % WEFE O AT £ #2815 @ 12 %t L C SRS (w)
AL, ZORKENHKEEE T X
5 IR EAT 5 .

(5) HBE{LT /LY XL
AWFZETIE, RO K 9 IThE b8z & E
+5.

N T
minimize F(r,u) =J'O || ull? dt (23)
Subject to
>l <Y (24)
i=1
Mo <6 <1fori=1---,n, (25)
max { SRS (@)} < SRS" (26)
T, rERREHE Y by, uld ’Tu/\ﬁ

ML, V137 7 Far— 2 B IR, n,
kT ADAE, ﬁmuimsﬁﬁ@i@mf
b5, BB, S Fa'e‘ﬂbf IXREFEZE
ik, SRS EIFHUE My CTRRF A ST
DIEEZFHE L, AldiEDO—FE Td % Method
of Moving Asymptotes (MMA) % I\ Vi FH 25 %%
RS,

. RGeS

I EFHEICH WD ST A —H L L
T, b7 A121.99 x 10°N/m i J5 6] i,
9.5 X 107 ?kg/mDMEEZFFOH D LT 5.
7z, ﬁﬁk@tw FlfE S NDHIEET 7 F
2T —XIZB LT RERRORIME, #E 2R
LOLTD. JEBET 7 F 2 — X OXFYNE
flixby = 1.31 x 108N/C, C, = 2.28 x 1077F,
Ry =197x1030L 725, XA DR ST
0.38m & L, 43 5 &1 D& HiRIC 0.5kg D
HEPEEMERAT LT 5. £, FRTD
JEBT 7 Fax—FOREIT T ZAEMO
BED30%ET 5.

(1) HEx 72T — R4 2 &k

BN, (K £ K OF SRS il % & [+
fﬁ,%ﬁt%%Fﬁ%KﬁLT%ﬁM%ﬁ
5. SONTAEREZH T ITRT. T A
ﬁﬁéﬁ 5T V) F o — &@Eé%%&
L— z&—wf%# FIRET— FOEIC

72 AEIZEERT VT a2 — 5'73>1/47f7
FENTEY, RURMBETHHENZD.

(2) AP RE &% &K LIz il

WM E EE2ET VN TEE LT
Rt &47 5. (1) & RO S Chaib 217
Sl & A, INEHREEZZE LW E



/

0y

—RETFHIFE—FRER . ‘ .nn"

0y

BLYE—FRER AT

El

I FTEA—RHEIFE—FRER Ak

)

¢ 0

—REFRLYESE—NRER

M7 #RARGE—FIZHTEEE
TOF1I—3 AT mE#

LIRIERI LR E B NZ. Tbb, EE
FFORBEIZBWTIE, KT TlIkERCE
FARBMNETOEEMHEATE D END
Mmol-. -7 L, M8ITRT Loz, vk
KEEOREIZLVEEYOBA B ITE
(b I 27=8, S AT LD TIEEKD
WELEETIOIVNEND D.

(3) SRS ill#) & & & L 7= fcii{b

%2, ERMEA43m/s?2 & L, SRS K%
AL TR EITY. K9l —kE— R
WO F R %, 1012 SRS D 75 7 &7
SRS il &5 A L 7= A, MEEw Ao
NO.5-7 DRA BN\, [EBT V/ Fax—X
DEINENZ ERDNS. K10 LV, SRS
HEOE-DIZHW- 1 HHEROBEEG AR
$7Y 10000~12000rad/s T % & 1T SRS A
KELFEAD L TWD. #EYOEA AHIEEE
& SRS FHHFMF 1 H HE RO A AR I
IR H Y, WEN—FT D EMENKEL
RHLZERLENTWD. Thbb, &KiEk
KI5 OREREIZ1E, 10000~12000rad/s @ J& %L

N
1

Blue:ftIiRABEEL L
Green: {1IRAEEH Y

"

X8 {ThRAEEICLSD
BEHEHLE

K9 SRSHIFZEZELF-—RLT
HFE— KIzxdd 3
TOFa1I—3LATY bmiEfE

50 __ e SRS limit
~

T

=

E

v

o

b Without SRS
comiranty
With SRS
comiranty

5
0 500 1000 1500

Eign frequency of SRS 1DOF system [Hz]

10 SRS #l#3(Z & % SRS {EDET



BT, N0.5-7 DA BNRELEFRT HEAEIR
e — RONTFETDH AR H S, LLEXD,
SPVS dEE I iab\ff 5TV Faz—HNIT

BT D B ERIZ TR OREFIIC, 1
ﬁ?éw mﬁiﬁﬁﬁﬂfﬁé kﬁb
Mol
5. ERRERLE
(WFgEARFEHE . I3 R OSBRI 1
7Y

UdERsam ) (it 8 1)
1. EPRGF, S SL, HEIREE B, dbAT 7R,
TRNAF—EEREIT VT4 7‘?}&%}1%1@
EIZxT 5 SRS HlKI A EANLIZEET

F o — il i, Eﬁ%&%bﬁ?%aﬁjc%
BHAH, BRI,
2. M. Daifuku, T. Nishizu, A. Takezawa, M.
Kitamura, H. Terashita, Y. Ohtsuki, Design
methodology using topology optimization for
anti-vibration reinforcement of generators in a
ship's engine room, Proceedings of the Institution
of Mechanical Engineers - Part M: Journal of
Engineering for the Maritime Environment, ¢
#iA, accepted.
DOI: 10.1177/1475090214543081.
3. A. Takezawa, K. Makihara, N. Kogiso, M.
Kitamura, Layout optimization methodology of
piezoelectric transducers in energy-recycling
semi-active vibration control systems, Journal of

Sound and Vibration, Z i A, Vol. 333, 2014, pp.

327-344.

DOI:10.1016/j.jsv.2013.09.017

4. A. Takezawa, M. Kitamura, S.L. Vatanabe,
E.C.N. Silva, Design methodology of
piezoelectric energy-harvesting skin using
topology optimization, Structural and
Multidisciplinary Optimization, # &4, Vol.49,
No.2, 2014, pp.281-297.
DOI:10.1007/00158-013-0974-x

5. T. Nishizu, A. Takezawa, M. Kitamura,
Damage detection method by topology
optimization based on eigenvalue analysis,
Proceedings of ISOPE 2014, ##Hif, CD-ROM.
6. T. Nishizu, A. Takezawa, M. Kitamura,
Damage detection method for plank using
topology optimization in non-destructive testing,
Proceedings of CJK-OSMS, 2014, # i,
CD-ROM.

7. VEERELE, TEESGL, bR, FPARE U —
Al & B A IRBV BT I S < FRIREE MR
B CORGRETE, BARMAETE LW
et AHA, Vol 18, 2013, pp.73-80.
DOI:10.2534/jjasnaoe.18.73

8. M. Daifuku, K. Kawasaki, A. Takezawa, M.
Kitamura, Anti-vibration reinforcement design
methodology of ship engine room using topology
optimization, Proceedings of ICCAS2013, 7t
£, Vol.3, 2013, pp175-179.

Cra¥E) Gt 710
1. PG, =x X —EAEXEIT 7T o
7 PR B HIAE E O W EREE ) ~ O 2B
DUFTE, A AN L TRk 26 FikE
A, 2014411 H 20 H, RIBEZ U v 77K
—/b (RIRIR).
2. VUL, BRI REIG ) AR AT 72 b
N Y —EaE b OiE I F%?JTZDEV“, H A
MAETE Lo Fopk 26 4ERKZRaHH S, 2014 48
11 H20 H, EIF7Y v 7 kx— (EFER).
3. MG, =X X —RIEXEI T 7T 4
7 IRBY AL E BT 5 SRS MR ZEAL
7= PZT K&, AAHGRES 25 24 [MIRGHL
Foe VAT LERMREH S, 2014 429 H 18 H,
fﬁﬁ.%jt Wy R (TR R).
4. REBHLE, FWFN CSR xfISEHEERE Y 7 b
ZES YODI%T}&%LmuJW\@/EﬁH (B At
58, FHAMHIMETE Lot Fnl 25 4RFK ARG
=, 2013%11 H 22 B, RBJFZKRF: -site
7R CRIRRE).
5. PuEtELS, IREMENTICE S PR U — ik
WAIZ X 2 IEkER A COBEEREFIE, B
AR L2 0k 25 ARRK AR, 2013
11 A 22 B, KIRIFAZL K I-site 72 AU (K
BRRT).
6. M. Daifuku, Topology optimization of
reinforcement in the ship engine room, ACDDE
2013, Aug. 13, 2013, Seoul (Korea).
7. T. Nishizu, Damage detection method based on
vibration  characteristic in  non-destructive
inspection, ACDDE 2013, Aug. 13, 2013, Seoul
(Korea).

6. AFFERLRE

(ORI ES
ri®e 5L (TAKEZAWA AKIHIRO)
TSR« KRBT LA ZER - WEEG%
9535 - 10452608



