F=NE P EUE A i AR - R R R R
BT EE RS it TREEE % May 18-19, 2024

= HIaERE R RIT R
AR AR WTRY sl

*BNLE IR bk TR AR
BRdte © GEREBLREN AT ~ BIREAT ~ BRI - AIRITERIL - LS-DYNA

SRERH

BRI sTE4ESE - NSTC 112-2221-E-019-032
RS

AWEFE EEHFS = aGE A S TIHEE 2 SRt @ B ieE - —HPaEMH L TR E R EgEmK - HE
S=IalHEER T UM EERMMEE VB G E - BRI E R e SR E R RS EIRE - HINEE
AU IE - G A = WA &SR 2 U i H i B2 B [ (K PH E g SR - P (AR 2400 503 LA R0
o ARHFEA RN EERET o B 2 W B T E R i RS Rt - [RIR o3 H i B0 2 O (R -
It - AW = UG B RE - [HEE SR —ET T - o A AR G iR Bn 8 e ft T 2 8k

Bl B TIHERHEREE 28 - HBEAMA ANSYS LS-DYNA LSRG 2 218 AR & R AT SR
o PEECHRE - &S RBUREE EEBOEI - ST R TR BV R R 0 BER NIRE TREME

Tt o BEETREE R EHOR A AR SRR T B A TR R s

RIS

PR (R BB TIRIERR T AR IR » S4h
—INIRRE RS GARIR R RE S - Fm B R T
BEARZIRE - sl LEMREEE g FE MR
RAVIEIRIERE S 18 > et ~ PR IRT I B EE A
2 Z i R PRIR 4 IRIR ARG = TETAE
— ~ EEE S IRIAR o TR S IR Eh S R
FEIEEFEERE - BEERA BRI
Bk /B S P Y i B T 6 A e S B £ Y SO
= EREFRCREEOE > R E R
JFEE B 1 B2 T 2R B EAE iR 2 S Y PR AT R A
sl ©

Wbk RS 575 > Bz AR R
Rk RS 2 AIRTR A » Bt RS
TRREEEARENE - WA T SRS R R
[1-4] & SRCMEIE SCEL MR Ry (B I o T P
Peas[5, 61 HE TR FE(bakat ZWTSE - TR A [FIAA
EITIRE 2 MaaT - SEZ AR « iK%
FIRAEEFTEL8] - NIt > BESGTE S
W e SR~ e SR i R A T (R A TR B R
R~ 2 EIREM -

AR & TR = A4S THE Rk
VTR - HNGETAVIHE G - BINSNEE

sk e SEER (roubst.chang@gmail.com)

TR TR ZEE -

HA B R SR s R - [HEE Z R R T
A Kerwin[ 91515 5 [{H & Jeg 1 FH A2 K B 7 Th A ki
W9 > Bse oY S Ry PHJE 20K - BRES =HTIG4E
FEAVENRERFE - DI AAIR TR AT T R (ELE
B FrEURRERRE A FHIE SRIH e B R A
PE[10,11] » BEOF7AMCER B REZ M - ST EhRRE S
W= > A2 S HETE R
A WECEH: TIEST - EEEHR IR A TR TR
F RS SRAUET THIEE - e ] PR [ B 55 A/ N
EEBRE A —2[12-14] - fEXiaoFERF[15] 05T
o R R G RRE R
HYBER - MGEAERESHAREINE - Bantieh e 2 1
heEME > I ENREIEGE Y BRaG iEAR o S OSURMIEERSE
AIRARAT R 2 T B AR e IEREME - SRBHEETR
RSN E R L B -

B MESTRREV R - ARTRZE R DL R 24K
15 » B ASGRELCRI10,11]— 2 > b B ERiE
AU HARIH R R o MO T A 2 R DR R
BISEEOE - M BB SR e R %
s BB EUE 1] SRS R A N I 8 254l -~ etk
FEHENEERE G E > R = Ilas MR
at o BEWTFERCR A B AR A I Eh RE e B A A Y
BGRETE - UE=IAEEIvRET - IReH
PUEBRPERERIMN M - R EEERA -



SNAME 2024, May 18-19, 2024, Kaohsiung, Taiwan (R.O.C)

B AT o
AW FE A A Rt R A TR E RO R4S
TR 2 R U B R B AL - (VAR AR
s L S TRERE AT R B T SRR AR B B e > AEA
BiE—aRA -

1. BRI

B = B SEAETTIRAR MR R AT
RILE M2 B HEIRBI A4 - A =T
F(Q) -

MX+Cx+Kx=F @

B % 5 S R fmH et - HimibJfE
> d= (2P

MX+Kx=0 2
AXFEM BRI - 2 K WP - X2 hEE
[EEE - xIEEREE - RERSEEE T B
FEINIER © FEF DB B S Q) - FrEIR
(2) - BEHEH[F(4)
X =ug(t) ®)
Mugj(t) + Kug(t) =0 4
R4 B - 15(5)

> Mu)E0+ X (Ku)I0=0  (5)
SMBRLES T

. ZKijuJ’
@:_inﬂ—z—i,, i=12,...n (6)

g(t) ZM__u.

mﬁm%@ﬂﬁ%mﬁi
G +9®A4 =0 Y

S KU -AY MU =0x=0{)}  (©)

L x=af » HEARONE R RHEE 2
(K=o*M)u=0 ©)

P U0 0 FEI R R AL B
PRAI(1D) -

[@]=[{4}, {¢},-14}, ] (10)

(@} M{®}=[I] (11)

(o} K {0} =[e] 12)

RIBIEARH: » A DUSAIEREE & ~ BERERIME S
Al B =0(12) B (18) Firor « [al [ 4-HHEE — 5250
(1) > KEREE E - HEREHIM A > FHEEBITHE &
H(13) » Hrfa ¥l p Ry 8 -
C=aM +BK =a[l]+ flo’] =250,  (13)
SRS ESE

x=o{q(t)} (14)

B o
28,0, = o+ P’ (15)
g =P (16)

20); 2
e rhfEfER - b= EEE AT - &UE
RIS AR A ES(17)

0 (1) + 280,40, (1) + ;1) = N; (1)

17
j=123,...,n )

q,(t) Z25E

] + & ot
q].(t):e"fj"’it[qojcoswdjt+qJ 5y sin o, t]

@y (18)

t

+j0Nj(r)hj(t—T)df
Hr o
@5 = 0;\J1-&; (19)
1 ot .

h; (t):Ze 57 sin ot (20)

dj
2. BHREEREGRMESE
HINGEEEIRR T KRRAHARTEE
ANSYS LS-DYNA 734t o sZ¥REGAE 1T FEIFE 70
R LR B R 0 o & > DUN RESE 81 T
HHVETE T A B R TR 4 -
21 RBAMLE

PR AN B REAEHEIHEFEE » 1 t+at
R FEt RS B R
U,y = [K]_1 FtiAt (21)
F 0 U, A trat BRI RS R 0 (K] R
FEREAYEER 5 {F2 3 B t+at BFREAY & #A & (load
vector) -
& [K] By BAR HERR AR E - (st R EME
I A DR R R ARG & - HERIEGMER
R IR EAEE T DI R e E R
SR N 2 0 ZIAY 2R RE > 18 SR ke IR 4 1 I 2 2 e
[K] > E2FERER R IRG IR AR -
I E R IR M R R S A CREE U - IR RS =R
Gy G K FERERERRE -
22 HEARDE
AR AR =% [EAE R A
SR AR IERA (& o RIS CORAR AR
a =[MI"(F™ -F™) (22)
At BX OBiEhshaE - R B DEE -



SNAME 2024, May 18-19, 2024, Kaohsiung, Taiwan (R.0.C)

Fr = ([ BTod+F™ )+ Ft  (23)

o SRR =T B Ry & A I F AR B _EAY
71~ FERIEI LR R R A D [ &
BIREE RS R (i 1% F] I X0(24) B((25) 15

Viratrz = Vepae T8 at (24)
Uprat = Ve T Vera2 Atm,,z (25)
o Atmuz = (Att +At‘ M) °
YHAEALE N A% & A ES o e B E - T
=%
Xirat = Xo T Ui (26)
R IRGERTRE - B AR AR

[EHIE - EIF R R %) - RIS U
H o AT ERACRAERITEE R - IR A
G EIREEE - i - AR -

TS

AE R HER B ik S B E 7 A4
HEVERTEIRE - BRsE R IIPIRTE RO - EREITHE
[EEHEEEBIRE R R 8 - NI DL E BT B
WESTY © — AR EEE R - IS AR
HIRIPAAR B E B - 0 B S B T SR T
i DUEGRNYRIM R 28 R RRERE
B EIBRBRRIRERY Tk o SEIFPAYIZ 2 E BT

IR ANE - DU A2 T AR E B AV
M -

1. S

=HasE e H L TR ERIHE @R -
PHIE e s bR T (0 FER A 18 A b i ] E RO RS
Gl > BREMENE M eI HE PIFE
GERERIRIE o R TR AREIHE e SRR A 2
w8 BRIV REMERB S EE T
T RI MR B g =BG EEEIN - PURIIAEM Y
g =IasEHN -

FEEREHERRGEET  BERS B =85
oy 1 B ER oy R AR A S B R e S T B AR
BIRRENE > RS RE ZAPR 28 B R
ﬁ&%ﬁﬁ&ﬁﬁmf ISR 2 B RE

BB EME S8 B hmE
W%&ﬁ MAKMM$F HTasS it 2 BRG
BENE - FEIL T MR A IS R Z IHE e
BEGFRAMEIEE - & Ei > AERIAE
T =AY > oy Rl DT R g - B = B AAS
I URIIAEH B BE g =06 S - HE
Bgseat AT AA RIS - 403% 1 PR -

e Vilae s (C TN

TR | SR | EaTEM | RER
R~F ]0.15%0.15 [0.15x0.15x0| 0.15x0.15x% 0.0
(m3) x0.01 .0002 0.0001 :
B A%
2.02E+11 | 4.00E+08 | 2.08E+08 | 2E+11
#(Pa)
(kg/m?) 78314 1030 1050 7850
AN
WAL | g4 0.47 03 03
)
[HfEEE | 0.000371 | 0.2557 0.165 0

2. EEBAERE

HHER R THHREERR - 2R T
ag M2 ORI R ET BH e o 3 45 i B AR s R Y 32
2 NitfEERRs P IEERE YRR EE B
HYB IR T - s s B AR B A 0
B EBEN ORI  BEERZIRE
LR B > FERAR ST R - W8 1P -

#EPEHRRERE T E RS > URERE
S ARV R T SR R AP o INE AR B
VLB R R T 2SR B ET R - PR S
BIETT SN IHE B © — 2B E B SRR (T T AYIH
RENEER - S EBEE R TR E
TR AP Y BB E s -

PEERALE E BRI TR R EEE R -
FERREANE 2 - (EHEHEERF Y - s RE
BB E BRI E R 2 JERUEEE T
PRI TEVERRGER - B ERIEBRRETE
{7 Rl 2 Ay B B 5 - o R R A Bl B i DA
BN 2 2@ B 2 Rk R E R - BT
JEBRGE 0.01m frE S MEBAHY) - E%E%‘EZ*%%
& BLE E B SR TR R B E B A e

L1111

1 . MM
k_Jf.fﬁﬂ——ﬂ_nﬁ

Y

[ 2 & 2 5 R AR A



SNAME 2024, May 18-19, 2024, Kaohsiung, Taiwan (R.O.C)

3. EBER

FEE HHBFURAE T - SR E R 2 REES
RFE 3 2 o HIUESE —E TR E T AR
e 0 B E N ERIE ST B R E
#Fy EXSQ  HEE—JARIEETY 2588Hz » fikiE
£y 8.3E-6m -

L B REGERE  ARRRE
HE BRI 15 B = WasERI 2 SRR ENE - i Han
#ky EXSWL » S5—JRIEETE T 4kHz > §ikiE Ry
1.2E-8m - & 1B EEETT P R B R g = DA &R
AUSEREENE » ST R 0 SR R g LR & T 5 |
A BN REGGE BRI 2R MM BT R RIEE
TR RS -

FE oy RS S TP I A R EEHY
P ETRRENER > LESIATHMAYEE
=LA SERENE > R Har# fy EXSW2
P IRIE(EER 3kHz > fRfEfy 2.6E-8m - H[E 3
PRRENE Z R - v LIS HIE E = I ast i iR
EAEEITCM - BIRSCREVE R B A -
bt - BRI E R EEEEEIACH & - R
Hg = eI RS EIRRE RS AT
2 EMEGRIEARERE L - [NILEBEEE
EX.SW2 EL>fif EX.SW1 YSEZRENE » S IIA
MBS RIS E - MRS REBUR > E=008
SRTIIA= S THRER - SREERIEEHR
P > FEIRFRIESE N - BRI CMAVIIA S 2R e
= aSE AR TE TR o B (LSS R A PR iE B
It - B —#IFoR - (EEAGRBIGE RIS
PRI P IRE S E BRI S Tk E - Rt
PN ARV E BRI SE R HEY - RS B R AT AS
(EFSERIR I — 2P RS MR Ry T RE M - DLER
B EAE -

FE W E B SR TR E R T - [FIFESE
KIGE R Se T IR 5 (o i P 88 (8] 2 1& #E 1T R
B ZEBERNE 4@ 2 o iR R
R HVBENRAEEEEFR T ZHRENE - R
B 7Y 1034Hz » fiRiEfy 8.9E-Tm - EREMET B E
5 > Q@ DAEBR S DA R 1F R et T oe 5 >
BRECERERRENGER - INE 40)2H - TP
FEME BB N ZHREE > B HAREEER
1034Hz - fixifE Fs 1.56m/s? - Hyis Wi IH B R 45 IR 15
® o REACHPERE S SR T - SRR
THEREEEETREE THVERERE  BaR
EZYRRIREURR - S RENRERIE SR
fEEESEEHE -

Amplitude (m)

lﬂ’mjr V_

]

102!
0 500 1000 1500 2000 2500 3000 3500 4000 4500

Frequency (Hz)

3 B E R Z R R B E ]

=]

Amplitude (m)

L] 200 400 600 800 1000 1200 1400 1600 1800 2000
Frequency (Hz)

(@)

Amplitude (my .\:]

0 200 400 600 BO0 1000 1200 1400 1600 1BOO 2000
Frequency (Hz)

(b)
4 [EER ST 2 SR A EE: ()M B ER - (0)HER
TR

B EESE

FEIE —H o et S A0 (AT A ST P R Y 28 AT A Y
Mkt28 - DR ERARIRTTR AR R TR
REE > WWHHET O > BEEESITER > B
e 2 B E AR -

1. SRl @y

BRI 2 TR > Ry T T RGN
gt HEa AR SQL - IBERIIRST ~ AIRTHR
T - BERUEAR RV A A - AR 15
TR | L A ERARTERERETT
Shell 181 - Effiadtaica fy 6400 - Hipddta iy o
RRE 5@)FEE - FEMARMHSE0ER 1 s
BTy E B R 2N R 2 -

P BB 2 R AR R g =645
o R HEa Ry SQ2 - BIrk 15 A ' 15 &
gy 2 Ry 2 AL ERATRITZREIT Shell
181 - BEAVAEIREE Ky 6400 - ZEEHAEISIEAY AT Y
SOy EE - (EAMKSEER 1 FHEYTTR#EIR
GEIEI



SNAME 2024, May 18-19, 2024, Kaohsiung, Taiwan (R.0.C)

B =HlaE R a2 R SWL > MRIEER
FYRSE ~ BIRTTREIT ~ BEREAS B I A FE R
B o ENRE RS EREE - i EE S
RISy ~ WIS A5y ~ 75 0.02 45 » HERIE R 15
Doy~ /15 Ry~ 202 25y (ERAIRTRE
7T Solid 185 - BEAAEMEEE Ky 25600 - [E 5(c) R
FUBR G R EE - BRAHEME280FE 1
0 BLEIEYRS TR ERVHHERE B HNR 2 -

B 1% 7 171 R B B B (AL P 6 P O REER
ek B BIEER - EEIIEK 2 A 2R
iz > (EFAFRICZEEIT Solid 185 - HEidisE M
1000 - [ 5(d) FyBEpaa ik dars ~EE - MRS
* 1 fon > EMERYEEEENHEBREERRE
2 o

AUNETEIL T I EMRIEIL(SQL) ~ BB EE
S EHIERL(SQ2) ~ g — BT adi il (SW1)
LURCEEREAL(B) - iZ LA B R B A TR R AT
PERLELEE PR aE BRI AR AE -

* 2 FIEYIRGRHE A S A AR (B k)

SQ1 Swi B
Experiment 1.748 3.498 0.033
Numerical 1.762 3.528 0.033
Relative error 0.8% 0.8% 0%

(c) (d)
5 B is it () T - (DEEEE S
IR ~ () B = eSO (d) Bk

2. HEHBH TERESH

R THEN B EEA R G R TR ARG TR - H
A R ELT AR S PTG RE AR - BT BRI
EARRETTILE - R R S BINIEEMER » &
FH RS T 1S 28 (T R R A AR L e B > B B
HER BEE PR BB T LR - FECREE L By B R -
1B P B B A WE LR B ol (S S AURSREE » Bk
S thrie it v SEERE -

RIBEEET - BT HHEE R TS
M o BRSSP ITHVEE SR > TEIRBIPRE 2 Y ER
T > il 6 {li Kl B 558 (Rigid Body Modes) » H
X, Y, Z F[A 7SR5 AR (Translational Mode) B fEsEif
#E(Rotational Mode) » HAEREGIEITHY OHz » 158 7
(e F55 REEE Ky 5 ME RS 15 58 (Elastic Body Modes) @ Bfl#G
HIEIR 2 5 AR R GEBIRE - NI (EEERES
e SR s 7 (ERERREREIT b > 0% 3 Fr
o

T8 (SQL) HET T I RE 7y A B (- A R A 22
Frp SR R SQL AUIERRAZREE R » 55 9 {EfERRAT
By 2587.9Hz BLEER({H 2588Hz M#EfTELES » W& 4S
B8 R S B BN - BERETTREE
ST ESIEREE R EUNE 6 2 - fEEH 0 42
SQ1 A8 2 IGAE AR By 2588Hz » H YRl &y 8.32E-
6m - PRI 2R By 0.05% » %4558 12 LISEEH
TSR R A TE RN

P H B E R TR R (SQ2) - AT
REOTITIE A BREIRR - RP R SQ2 HURERRIHS
GESRR > 55 9 (ERRRIEAR By 4929.7Hz - FE{&EITRE
sE T SRR E RN E 6 23 o FEEPAR
SQ2 1] DLE B M AR B Y 4930kHz - HHRIE &y
1.08e-6m - BAZS 9 (EEEMZEET —E » sZ4ERE
DIFEHART A B R S T TS8R T (SQE A IR TT 2
RIE R AR -

g = A4S (SWL) B TR 73 A &
SRS » PR B SW1 AUFERESERE R oh
5 9 (ESEREAHR Fy 4085.3Hz EAET By b BR Jg — I A4S
TR+ B8 - BEIRETTREE 70T - 1815
BRPRELE B R 6 23R o fEEH - 48 SW1 T LIE
FFEE ARG 4kHz - HRIE £y 9.56E-9m » Hjg =
B EE B P E L i 2 R B E N B R & > 3%
GERA R DUGEIH B g = HH A4S RGBSRk S 80
TEREME: -

2 SRR S A R R B 40 A S0 [R] S8 (T A Y Y i
BT AT T BesE o W ELE BRAE RET T LR - 45
BB EEHAEFGRGT - BREARNREE
PR BB B RS RAR T o 1M BEEE T AR S BRI A
HYREREME - Ee4E R R @ iRt 7 SRV A
B > WL TR O (S RS o



SNAME 2024, May 18-19, 2024, Kaohsiung, Taiwan (R.O.C)

% 3 BB R MR

SQ1 sQ2 swi
7 14136 2693.1 22953
8 2095.5 4017.2 3521.8
9 2587.9 4929.7 4085.3
10 3604.8 6629.8 5167.6

Amplitude (m)

0 1000 2000 3000 4000 5000
Frequency (Hz)

6 B HEST MR EEE

LS-DYNA EE T

AETH AR E BB T BB A A RER
RS > S T EUE T DUN R B 00 22 i B B
AR B BB DR A > BT R E B
BRI IERENE - IREEBE R A R S 2
B TGS IR E B b AR B LS SRR
PR BB HET T oA -

1. fEMrE SRR BRI

EERREE A - [ 7 FoR > B E RRURER
orilanta Ry Bl B B2 - Bl HIREBER X
JiIE 0 B Ry 1mis o JREER B Ryoe ARG (Flexible) - %
VigG Ry T B RG © JRER AR P Al s B R I
(Frictionless) » ELfi# 2 2 AT o #EfTHEESERK
& - SRR AURERI R AR TP R E B AN
B 2 BB R E] > AE 8 FrEIR o PhEREE
IRFIEIHIAS SR - AT DUBIZRE] BL LLgHa iR 1m/s HYZR
FEiEEEE B2 > B Bl SEpRAE R SCHA(L - BLBUERIT
A > B2 ZEER] 1m/s o H S REREVI LA
FREE D S T B RS BRI T S B E ST

BN By T REZ SR 2 BB SR EE AR AT
(L > HEORBEETMI SRS > §
FE ER O RE IR R S 2R AR B - AT
9 o [E o IS RIBURERAE 50kHz N Z SR EHE LK

B WMENREREER P EE YRR
» BRARH/NEIRHES Ry 4 ~ 14 ~ 26 ~ 30kHz » IR
T AFUR » BB BRI TERER -

Ry T DR EREE 4 B R - 2R
BRI AETTIRAR T - B R BRURERE B
SR T HIRERE AT » 3 Bk I8E S Bl e 13 0T 2R
AR B NE LB OB AR 26kHz » FHSREAEREAE R
AFFH0 - 50kHz N Z SRR e - Rt
BrT 26kHz §b - HERZ FIHURERA SR8 - 3
2, S EhEER] ANSYS AR B T A ifE
T —EF 5 (Bonded) 5 2R 45rEE(No Separation) o
T = B e R A i S 35 A (] S (A AU ATy &/ )
TEE > HE TR R EE T o RHEBTTRR
T oy APk 10 (EfARESRAETT IR 0 AR AP
R o R LI » BURBREDAYIE LAY HER
B mE B RBLR SRR TR T SR
FH LG AT R (E Ry Ve Bk 2 R A A S T T 28

Gr_BAAl o MRS IR E R BEARR T &
B S NP IAL » ST A R AR B M T R AR RE AR Oy
WrEpss T 45BHVEN R EE - B R > BEE
B e HEEHIE N T EEERTAIER - T2
AR AT RS AR B A RS R -

[«

e ™\

lm/s )
[ lm/s

TR RIS AD R

Amplitude(m/s)

0 2 4 [ 8 10 12
Time (s) %107

8 JREERE LR oA P FEE s ]



SNAME 2024, May 18-19, 2024, Kaohsiung, Taiwan (R.0.C)

4000 ¢

3500 - == —B2

B-Bonded
*  B-No Separation

3000 -

)

o

2500 ¢

2000 |

Amplitude(m/s

n
=]
=

1000 -

500 |

0 1 2 3 4 5
Frequency (Hz) =<10*

9 JEEERE LR IR FE AR

T AE RS PR T FE R (BE (i1 :kH2)

WEHER | B-Modal | B-Bonded | B-No Separation
4 ; 4
14 - 14
26 26 26 26
30 - 30

2. BIREERE

Ry T A B E AN S = I A s B
TR I AR B A AT BN R - AR
= RHAEEE - oy BRIV (SQYL) ~ [REBEE TP
WAL (SQ2) T B g = BHA4E REAIE Y (SW) - 411[E]
10 AR - BRERESET - TRERELGE TR AR B Roolilk
B o R B B &5 R R BY B ek B Ry R
(Frictionless) - f & fel ][ - FEBLIAH TPORERBCE
£ 0.1m BYEZE o HHSEResE T o YR (A o
AR O > IR SEREARIE 05 2 8k
FERARY TP AR By 1.4mls

BIEE Z8B0E > SQL 81 SQ2 FEFY X JTHHY
WA 17k 18 5 5 B By {2 1% [&] %2 (Simply Supported) - ffj
SW1 AZERTRISEAEAEE G L - e R R GRS
W AR S B Ry (I A2 [ 32 (Simply Supported) -

(@) (b) (©)
10 R E B AL () TN ~ (D)X BEE T
HEHRU () B g = I B 4R

3. EEBIT ZEBOM

By T DU RE AR AR s S TE I TP &S RS Y s
BE > LERTEESEE 2 8E 0 S EAR EE
Z AT R B RE TR ST o RE BRI
GEEL T BN AR E —[E] B -

BHIRE T HEIR(SQL) - FRaE] ANSYS Y%
PHE TR AME > 1 E SQL 7E[EE B TR
THEH =4 0 403 5 Fon o BIEZEER 0 58 SQL H
¥ 1 F 4 7 FREAEREL SQ1-No Separation &1 6 & 10
ZIEREARARRAEE o FHILHEET - TR
REAER > A SERII N 8 R BRAE B R R A N
VEENRTEE AR o T ARERAVAE E IF AT 73 B b
ENFHEEN ZEEEREE -

HEE&E R T - SQ1 55 1 BEREAHAR 1035Hz B
SQ1-No Separation 25 7 fE8E4H>2R 1035Hz » B[E|E 2
FURA TR A B B s R EUE. 1034Hz — >
P GE RS B A E N ERENE o LT R R e
BURBRECE RN E R > BB CEEEE
FUNHIBERE AR » N2 TR - RIERE
e RN T R T o 0 BlEET AR
SRR LGSR > BFEEES T SQ1 ~ SQ2 ~
SW1 #HAR 6 2 BB REEIEEEE T
o

% 5 T #EH(SQL) i 12 S ERE AT

No. SQ1 SQ1-Bonded | SQ1-No Separation
1 1035.2 1021.8 0
2 1661.9 1865.3 0
3 3742.6 3656.7 0
4 4093.1 4312.2 0.00049737
5 4800.1 4809.8 0.0025201
6 7038.6 7325.6 0.0039507
7 7584.2 8010.4 1035.2
8 8934.7 8841 1661.9
9 9556.4 9385.2 3742.6
10 9607.1 9652.8 4093.1

7 6 [l e SRR T

No. sQ1 sQ2 swi
1 1035.2 2019.6 1745.7
2 1661.9 3084.4 23735
3 3742.6 6764.5 5059
4 4093.1 7544.2 5200.4
5 4800.1 8615 6122.5




SNAME 2024, May 18-19, 2024, Kaohsiung, Taiwan (R.O.C)

4. BhRREREZ B

A B A SRR Bl — UG4S 2 SRR EE
JE 2 ARl o [RIRE AT SR 18 Robit ot 2 28 - Bildh
DIBPRE T & R BRsa AT 230 - (EA B
SEH SQL HYEIE » FIHl ANSYS LS-DYNA H#E77E
Prisix B R R AR - BUNE LR
{bE - B ORI E SRR EN R ENE - hE 11
FR o BRI B I (E SRR Fy 1034Hz
T WA P A 7 SR R B T B O 3 Y L (B A R B ] o
BT R 6(SQIEREIHA » HIIfEE ~ 40t "o, B
R T pHEORH - BT SRS EEIEEAE
B BRI EARPR > B2 B SRR 1A 1 (SQ1)
FoBE B WERFESEEHEASIEZ
FRAH B 2 TERREME: -

PR IR R T I AR A (SQ2) - (EHIE)
RESE TPARH SQ2 HYREE » FIIH ANSYS LS-DYNA
HE{TURER B S 22 10 R S i 2 AL RE - BUNVEL LB
VIEE(LE - BISE ORI IR R EN R EE
FHE 12 Fom o BT Ll T BRHEEES T SQ2
REAFER > i SQ2 fEMEIR 5T MRS » 584
HE o SRR BB 82 2 AR 1T
Hfel: -

A% e I = WA G RIS AL (SWT) » (8
AR 57 > M EhREECE TARH SW1HYZE;
» fE ANSYS LS-DYNA HiEf TR brds % 2 i R g il
FEAYBLEE - BIEE LRIAVYTESER - BIRE LR
DIERRE - B H AR B REENE - HhlEl 13 Foms - [E]
DLT* ) fECEEEFT SWL AUBERIER - Lhifs
PoRAE SRS E BB 5T T HYBHARARR - SW1 AR BRGE
SR MBS PRSI EN R B IEATT -

F& LAUBREEREE R - i = IHE ORI R AR
BEBUETBE R - ZIHNE 14 o DUETTR
St am o &R 2 I A FIAR A7 BURERRL R (R
B AR BRI - BEE TSR - BRI
FIRMRFFHER SQL ~ SW1 ~ SQ2 > BE/RHE & g ik
JEREREIN(E B3 ISR ~ WITERE 2 Bt migEd
RiEH/NEIR M HE SW1 -~ SQ2 ~ SQ1 - AILFR(E
SRR IRBITE B SQ2 ~ SQ1 - BHH
HERE TR SWL /Nt SQL FUEER—2 - &5 1
BT B PMmE L IRIAR Ry £ Z W58 - SR
HBEER RTE > MEEHEER EAREIRE EZ
W9 - EEEEBAE IR RIS -

sQ1

140 O Ex1sQ1 |4
O EX2-5Q1

120 [ ] #  SQ1-Modal | |

80

60

Ampliludc(m!slj

s
=

m

A

[ 500 1000 1500 2000 2500 3000
Frequency (Hz)

11 T3 T s8R e O R 2 L S A R A ]
140 T:g;-wm-al 1

<

80

60

Am|:.Iilu|:h\ijmﬂ’s2

.
=

[

[ 500 1000 1500 2000 2500 3000
Frequency (Hz)

12 ST I S E O B L R AR AR AR [

Swi1
140 #  SWI-Modal | {
120
100
Z 50
2
= 60
=
<
a0
20
0
0 500 1000 1500 2000 2500 3000

Frequency (Hz)

13 B g = ISR E L IR B e L R RR AR

sQ1
sQ2
SWI1

60|

Ampliludc(mfszj
=
=

40+

I S

[} 500 1000 1500 2000 2500 3000
Frequency (Hz)

14 SFE B N E 2 B




SNAME 2024, May 18-19, 2024, Kaohsiung, Taiwan (R.0.C)

&

ARSI R RR oy i ST R o A =00
GifEMETT E RO RERRE - B HMBARITR
EH =IHE BRI T TP EN A SR B R BE
EnElE > WAENE IS A, B H e E T - A
B EGUH R = eSS M IO BRI IE L - (2
{6 &SR B F Ko BEL B & B RE A Ut 12 = R U R
P il -

HAR > 8 B 8 SN SRR A G EE o3 i
B FE S AR A IR EN 1T R 1T T 850G > WELE
SR FOETIRE: - (SRR EHHEBERRET
» ERRSH R AIPH R B e UL B B &S A 7T > 1
MEEEE T Ak 2 BORI R Ry AR - R BhREfEr %2
PRI SRR IR 28

f£ LS-DYNA 82l Re g bR - i R
PRup A > R ERS g BTN - P
A T 28R FEE A 2 B | R A (] Y 32 il e R AL RR O AT
BRI AR T > BR T SR A S B R EUR
HHMLEL & [F T R AR > W
WA R AR A IR S T B & s B T~ - ATH
B2 R AR B E S R T RET IR
FEAS PRI REIREEE Te b (B AR EE
FE BT 88 P 2 R = I aaS i > i T
R R B R RRIR Z Y — 2 > BdHE
OFRESFREEA AT - S8 FSE R RER LR 1R
AR ARIEEAE - MEEREUR > WIS ERE
GEBEUFR LTt 1 R SERERE AT LI R0 D ik ED
B RS RN B RS R SRR B R M AR OR 2K
W TR EAEERRE - BRI 7 e
(T AERREN o] SERY BT SRR EhRE TR - B
PRI TR R R A TR EREE -

26

AIRFEES 3 R R NSTC 112-2221-E-019-
032 HREETEEMB) - PR SCR - (EADTFEELUR
FIHETT > R ERGEHZE -

ESPE N

1. Fang, Y., Zuo, Y., and Xia, Z. “Study on design method
and vibration reduction characteristic of floating raft
with periodic structure,” 10P Conference Series: Mate-
rials Science and Engineering. Vol. 322. No. 4. IOP
Publishing (2018).

2. Huang, X. C., Zhang, Z. G., Hua, H. X,, and Xu, S.
“Hybrid Modeling of Floating Raft System by FRF-
Based Substructuring Method with Elastic Coupling,”
Dynamics of Coupled Structures, Vol. 1: Proceedings of
the 32nd IMAC, A Conference and Exposition on Struc-

10.

11.

12.

13.

14.

15.

tural Dynamics, 2014. Springer International Publishing
(2014).

Zhang, W. Y., and Meshahi, E. “Optimization design on
floating raft system for advancing vibration isolation
characteristics,” 2012 2nd International Conference on
Consumer Electronics, Communications and Networks
(2012).

Yang, T., Sun, Y., Zhou, L., Brennan, M. J., & Liu, Z.
“Practical demonstration of a large-scale active vibration
isolation system,” Case Studies in Mechanical Systems
and Signal Processing, Vol. 1, pp. 32-37 (2015).

EAEA - BIRE - 2RE - R FER 0 £
B R EIRGEE R M B RE JE AR BON i B 8B B S E
TIY o o EE B B A B A TR A G A
pp.164-171 (2015).

Wang, H., Cao, S., Luo, X., He, X., Zhang, Z., and Zhu,
Y. “Study on the influence of rubber isolator's dynamic
stiffness on the dynamic behavior of seawater hydraulic
piston pump,” Ocean Engineering, Vol. 182, pp. 14-20
(2019).

Czerwinski, F. “Current trends in automotive light-
weighting strategies and materials,” Materials, 14, 6631
(2021).

Castanie, B., Bouvet, C., and Ginot, M. “Review of
composite sandwich structure in aeronautic applica-
tions,” Composites Part C: Open Access 1 (2020).
Kerwin Jr, E. M. “Damping of flexural waves by a con-
strained viscoelastic layer,” The Journal of the Acousti-
cal society of America, Vol. 31, pp 952-962 (1959).
Zapfe, J. A., and Lesieutre, G. A. “A discrete layer beam
finite element for the dynamic analysis of composite
sandwich beams with integral damping layers,” Comput-
ers & Structures, Vol .70, pp. 647-666 (1999).

He, Y., Xiao, Y., Liu, Y., and Zhang, Z. “An efficient
finite element method for computing modal damping of
laminated composites: theory and experiment,” Compo-
site Structures, Vol 184, pp. 728-741 (2018).

Kérger, L., Baaran, J., and TeBmer, J. “Rapid simulation
of impacts on composite sandwich panels inducing bare-
ly visible damage,” Composite Structures, Vol 79.4, pp.
527-534 (2007).

Besant, T., Davies, G. A. O., and Hitchings, D. “Finite
element modelling of low velocity impact of composite
sandwich panels,” Composites Part A: Applied science
and manufacturing, Vol.32, pp. 1189-1196 (2001).
Arriaga, A., Pagaldai, R., Zaldua, A. M., Chrysostomou,
A., and O'Brien, M. “Impact testing and simulation of a
polypropylene component. Correlation with strain rate
sensitive constitutive models in ANSYS and LS-
DYNA,” Polymer Testing, VVol.29, pp. 170-180 (2010).
Xiao, W., Yang, G., and Hu, D. “Investigation on impact
noise radiated by the elastic collision of multiple
spheres,” Journal of Vibration and Control, Vol.27, pp.
2642-2653 (2021).



SNAME 2024, May 18-19, 2024, Kaohsiung, Taiwan (R.O.C)

EXPERIMENTAL STUDY ON IMPACT RESPONSE OF SANDWICH
STRUCTURES

D. C. Huang* Y. W. Chen* Z.P. Tseng * J. H. Shen* Y. S. Chang*

* Department of Marine Engineering, National Taiwan Ocean University
ABSTRACT

This study aims to explore the dynamic impact verification of sandwich structures with micro-differential damp-
ing layers under impact. The sandwich structure consists of upper and lower constraint layers and a damping layer.
The traditional sandwich damping layer consists of a core material layer and an adhesive-fixed bonding layer, which
together provide sufficient damping to reduce structural amplitudes. For transient impact response, traditional thin
sandwich structures cannot effectively suppress the shock waves and reduce the thickness of the damping layer.
Reducing amplitude inevitably changes the structural frequency. This study differs from traditional designs by
providing structural rigidity through the rigidity of the constraint layers and micro-differential damping layers, while
also dispersing the wave propagation response of the impact. Therefore, this study divides the sandwich structure
into constraint layers, damping layers, etc., to analyze them one by one, using simulations and experiments to verify
the dynamic response of the structure under steady state, and to verify the influence of micro-differential damping
layers on high-frequency response. Subsequently, ANSYS LS-DYNA is used to simulate the frequencies excited by
transient impacts on the structure and compare their amplitudes. The results show that as the number of layers in-
creases, both the experimental results of steady-state and transient impacts show a decrease in amplitude and an in-
crease in frequency. These computational results provide engineering value for future transient impact studies or ship
raft design.
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