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Influence of the Initial Profile and the Boundary Conditions
on Nonlinear Vibrations of an Arch with Small Rise

Kazuo TAKAHASHI* and Shoichi OTA**

Influences of the initial profile and the boundary conditions on nonlinear vibrations of an arch with

small rise are discussed in the present paper. The equation of motion is solved by a Galerkin method and

the harmonic balance method. From numerical results, the following conclusions are obtained. The in-

fluence of the initial profile on nonlinear vibrations is small. However, linear free vibrations, nonlinear free

vibrations and forced vibrations are influenced by the difference of the boundary conditions.
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Kutta-Gill #%ic X 28I ERT ARV, BREED
IERHIRB S ICRITTEEOFTT TS .
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2. EMHIRAOFENY

Fig.1 Geometry of shallow arch.

Fig. | KFRTLDOURET—F (54 AOKEIH
WOORREERE) CRAPNEBNELFHET %
BOFEBHMTEBHOEH HFEANIKRDOLICEZD
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Elzx4+ Aat2
_E4 8y Yo\ , (32, 323
o7 “)”aaﬁ%ﬁaﬁ
=p, cosQt (1)
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MEOMIRENE, ¢ FFH.
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Yp=ArX(x) (2)

T A=A/7: 54 AL, A
X AR R OB RBARL.
ADDOBKOBERGHVIRES 5.

oA R, v EEFE

y=r £ X, T,(® &

SIS, X, BERH, T, KEoORREER.
XEOEERK X, £ LTS5 AHBOBEFIEOVD
BREBHELHVS. X(02), RAQERDCHRAL,
Galerkin BA#FHThITROL S LEMICKET 5%
HHEOBEIFRVENS FRANBONS.

T, +ai T,+425) L QI T,

+a 2 % (@4 Ru+SPP) T,

=1

+X3 21 Bim T Ty Tom

k=1i=1m

=7.pCoSwT (4)
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-y - 2 Qo= [(E Ay ge
L_k_i\-y ay (ln/ll)y Sn l?xnoderndS'

_ (1dXdX, ,. I L D O
Qi?_fodé ddeV Rln_ l‘fx,,fo derndsv
de;,dX,
ldX;,dX, 1d: X,
Bun=— [ L [T X,z (115),

— ! —_ / 2
o ]0 X,d8/ (3x), Xo= [0 XZde,
p=p014 /Elrz

A =1pAw/ELw =Q/w,, w,: T4 ADIEEY
O | RERFEBE, r=uvt, t=x/]

3. VRAEROEE
3.1 FEHHEERT (Y DhHdhiR E R
CHORFT—F~OHERA

BR&UDARE VO TETHHELZTH1E0 D
bR MR L THITRIC L SRFET —F DX iR &
Ez2LH. OPBROBELE LTX=3.2 (6—2£%+
¢4) AV, FRE | KAHIRE & 3 KAFRIRSHO 2
BHERICEE LRERENZEB T, KREICHE
TLHEBEEBH BRI RR LS.

T}. + 2 h|a1T1+a12 Tl +00187A2T3+0 7529AT12

+Z%wﬂfmnmmnn+%ﬂﬁ+lﬂ

4
4 -
=;—5wp COS &7 (5)

T+ 2 haayTy+af Ty+0.01874T, +0. 0092AT¢

+0.2510A.T§+4.5173A.T1T3+%T,2 T3+ 8—1T3

=—3—4-pcoswr (6)

T, ay=+1 +0.50394%, a;=+81+0.0007A°%

Table | 3HIH O RBIEZRK OB EY LKW
ROEFHHABELYRITHII DD/ AMBOBE O
MICE T 2R ER T EADREZRL TS, &
FHB T L EMAEL LUCERRORROER+5IC
TV E, THIERAEREOHEICHFELLY
BHALIUERHADHRRICERS 5L, n=10D1
KAFARB OB E T, FBETTICIS VWA, n=
3D 3IKNHIRBOBEIL, FROKEIHNERTE
2\ BEIE 0. 254 T 75)?—?1"{:?“% HEIE 0. 254 T4
BS54 ALENT52ROEEHRTHY, RBET—
F DO 3 KM FHRBIDIFRIRE IR RIS C
LATHEENS.
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Table 1 The coefficients of ordinary differential
equations for the time functions
(a) sin curve
(b) deflection curve.

n=1 n=3
() & {a) (b)

a, |VI+0.58% ¥1+0.503a2 | +Bl=9 | vBI+0.0007a°

T, _ - _

T - 0.0242 8l 81+0.000742

T? 0.754 0. 7524 - 0. 0094

T? 2.254 2.2594 - 0.254

T} 0.25 0.25 - -

T - - 20.25 20.25
T, - 0.024 4.54 4.5174
T, - - 2.25 2.25
T\Ti 2.25 2.25 - -

3.2 #@HMINT L AEICLDRBIR

AR T3 1B TR L D ICIEEHIREN S I
RiFT oG ORESATRENS 3 KEHIREIC
W (T O 7coic, R6), 602 ATRE Tlik
RICEDEET 5.
wr 9T
2 2

+C“COS (Uf+5115in ot (7)

T1:C10+C”/2 Ccos +S”/2 sin

Ti=cyptceycoswr+sysiner
+egpcos 2wrtspsin 2ot (8)

T D, o Cga Sty Qi Sus Gz Siz ¢ 1 IRKEFRERBE O
IRIBRS . 300 Cais S31s €320 S5 © 3 RO AR E) D HR B AL
.

A7, @rRBG), GURALT, By 2ER
HART OB IIEEAEFEA S BN 5. Thic
Newton-Raphson &% B\ TEITE, TEIREORIE
morBehns.

3.3 WiBFER

Table 23, WHED 3 KNHIRBOIEF H HIRE)
RIS BT 5, A UEKTIRE o 10 T 2 |E TR
B o OfF T4 X A=1.0~5.00B&FIC>WT
. HMIH0. 254 T AHFELEVWIEREDOBE &
T 5L, EATIRBA/NSWBEICIE, 54 Xkt
AT HI1: S EMIF0.250 T HRIFTEEITmm
L, Fl U4 R TIRIB I 35\ TR TTIRB I AT 5.

BOCTIRIBAEINT 5 &, MEORKTIEBEOER
PNEL TR T

PEXY, EREZIMBRICLOEFT—FL%
SHMER T 53D Db AmG e MIIRICL >
RE7 —FCo0TC, KEICAT 5IERTER HEX
DEFEBICKERBVBRONY, ERMREEREICR
Xy IR OERT S .

Table 2 Nonlinear free vibrations of the third mode
(a) sin curve
{b) deflection curve.

w| 10.0 12.0 14.0 16.0 18.0
A @@ [@]®]|@|®]@® | @)
1.0 117 [1.162.07|2.06|2.78 | 2.77 | 3.42 } 3.41 | 4.02 | 4.02

2.0 11.3111.2612.1712.15(2.86|2.84 1 3.48 13.47 1 4.07 | 4.07

3.0 11.48 | 1.4 12.33)2.27|2.98,2.94/3.5813.554.16 [4.14

4.0 1.64[1.54}2.5312.43|3.15(3.08[3.73(3.67(4.29 |4.24

5.01.75|1.66(2.75]2.62|3.35(3.257 3.9 |3.82 |4.44 [4.37

4. BRFHEORE

4.\ HAZHHITREEDRTET ~F~OEA
FRETDRFET —F5, RO L LT

BHEH X=sinzé L 0B I, R¥ 1 AHERS

RE UREBEIEER T, BENCEET 23R

HEAHABRRII A LS.

Ti+ 2 b Ty +af T, +0.1801ATE +0. 05994 T}
=0.002636 pcoswr (9)

ZIHT, b BEEE, =41 40.12024%: 1 k&
AR

4.2 BN T L REICL DR
1 RIFIRENO /25 BERBE IR A R D L7 HIT,

NODEERAXD L DILHET 3.
le%‘f'ff”g COS%'}‘S”Z Sin"(""’z‘E
4+ coswrts sinar 19

RLOZROUICRALT, AMASVAEXERTH
THEIIEREHAEALB OGN, Thiz Newton-
Raphson #:% AW THRHE, RERSHEBONS.
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4.3 BSRAEE R
WERGHBACERTHI LN TEL.

P1:P2
Py=— 2 ha,P,—af P,—0.180]1A P?
—0.05994P¢ +0.002636p cos wr ay

Z ORI Runge-Kutta-Gill ##% AT, EBHGE
BhefrS.

4.4 BERR

(a) ¥ 8 hiEBHORHYE
FMEEDRFT —F O 1 dortf, 3 kot FriRE),
2 PR E) 2 N R ISR H BRI OBMIC DT

BFTETD. 4R LA TRV E Y RAL
T2, BECEAT R EH RS, kA Lk
5.

T1+ 2h1alT1+a12 T1= 0 (12
Tz+ 2 hgagT2+azz T2= 0 (13)
T3+ 2 hgﬂaTg"‘a;’ T3= 0 (14)

[

oy=+1 +0.1202A% : | kA HEEMIREK

ap= 7. 5082 =2.7565 : 2 RPAFRE S TR
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Fig. 2 Rise ratio vs. non-dimensional natural
frequency.
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T HBEERA=0.0 OFREEH R L LTV5.
LR RBIE & 5 4 Ah Wiz D ORF | &
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Fig.3 Amplitude-frequency curves of the first mode
with k =h;=0.0.
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Hxbo. A, BRARGHSERE VY ITHETRE
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Fig.4 Static load-deflection curves.
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Fig.5 Amplitude-frequency curves
with A =3.0, A=0.005,p=1017.8.
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mOWE O = E HRx*

Study on Nonlinear Vibration Properties of a Rectangular
Plate with a Small Rise

Kazuo TAKAHASHI*, Satoshi MIDOU**

In this study, the nonlinear vibration properties of a rectaﬁgular plate with a small rise are examined.

The equations of motion of describing the large deflection of the initially deflected plate using the

Marguerre equation are analyzed by a Galerkin method. The resulting equation for time variable with
quadratic and cubic nonlinear terms is solved by the harmonic balance method. Nonlinear free vibrations

and forced vibrations are obtained for two boundary conditions, various aspect ratios and rise ratios. The

rise of the plate has a significant influence upon nonlinear vibration properties.
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—
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Fig.1 Rectangular plate with a small rise and
co-ordinate system.
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3. BE&
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case 1
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case 2
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T S
wo=de, sin singy (5)
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(6)
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3.3 WIFBEABFRAOHEN
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+581,, Sin
2 /2

TS, €08 AR OIRIBR S,
Cirzr S1y2 © FFEEBYDIRIBRL S

A (9) #X (8) IKRALT, ANV REY
BT SENFERUAREFERABL RS, Jhic,
Newton-Raphson 5% @M L THHE, RIBHSG 118
Lhb.

4. BITRER
4.1 HELUMGROBNY

Fig. 2 3 XU 313, casel ¥ LU case 2 DIEHWHR
(p=1.0,v=0.3) OBHME—FftE Y 51 XL
2=0.0,—0.5, —1.0, - 1.5 kU =2.0ic 2>\ L
TVvad, REIWEREp *, BREIEFMIRbE
ROBEKTCBOIGERS o b ->ThAb.

case | TiX54 X ey=0.08 55 —0.5, case2 T
54 XHe=0.0, —0.58 LT —1. 0% T3 BHI5
ERG o, MELLLICHEBCENTAZORTH
L5, T4 ABKEL LD casel T4 ZH
e=—1.5, case2 TIh 54 Xt e=—2.01c72 % &,
FIVEVHEICRENRET A LHBGH5E. Lok
->T, 54 Xhiey=—1.5(case ]l ) L LT g=—2.0
(case2) %#z2 5L, FMEOHMHBM I TLERMA
TS, VWHOOLIRUBVEENRAET S LHEF
Bxhs.

e, =005 -1 -5 .2

3500
23000
é 2500
'5 2000
1500
1000

500
0 IllllJII!|LJiJ_AJlllllelAl)illlllllll‘lIIA

0 0051 152253 354 4.5
Static deflection ¢,
Fig.2 Static load-deflection curve
(casel, p=1.0, »=0.3).
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Fig. 3 Static load-deflection curve
(case2, p=1.0, v=0.3).
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Fig. 4 Accuracy of solution
(case 1, p=1.0, v=0.3).
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Appendix a
case 1
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3Er2d® (1
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64(1
3Er?d: (
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=51 =1 zlz‘”fa“f)m”” 26,70}

= +E“~2—){T(t) P+ 2, T(1)}

B(t)=

Appendix b
case 1

F=E (T + 26,70

(‘;—Z cos 2X x+b Zb"y)

case 2

F,=A cos% +B cos%y'*'c cos%x

+D cosTy +E cosz—x cos%

+F COSZ—a'x COS—7— 4b y+G cos—4——x COS%]E'

a=ELL (T + 20, )

B=E L1+ 26, T0))
C=-EL T + 20, T}

D=- Iéfzjz (T2 + 2e0 T}

E'= —%{T(n 2+ 2, T(H)}
F=%{T(ﬂ 24+ 2e,T(H)}
G=§(§%”—m7{7‘m 14 2¢, T}
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Appendix ¢
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Influence of the Higher Mode of Vibration on Nonlinear Vibrations of the
Small Sag Cable Subjected to an Axial Time-varying Load

Kazuo TAKAHASHI* and Hiroshi HANADA**

Nonlinear dynamic response of a suspended small sag cable driven by harmonic axial load is presented.

The basic equation of motion is solved by a Galerkin method for space co-ordinate and the harmonic

balance method for time co—ordinate. The multi-degree-of-freedom approach is employed. The influences

of the second symmetric mode and the first anti-symmetric mode on the first symmetric mode are discuss-

ed.
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Fig.4 Frequency response curves of the Ist sym-
metric mode and the 2nd symmetric mode :
uncoupled case ; y=0.02,#=30,w,=1.68,
(D2=3-04y h] , hz =0. 005, H[=O l,pg =0.1
and ¢= 0.
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Fig.5 Frequency response curves of the 1st sym-
metric mode and the 2nd symmetric mode :
uncoupled case ; r=0.03,k=30,w,=2.18,
wy=3.14, 1, hy;=0.005 H,=0.1,p,=0.1
and ¢ = 0.
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Fig. 6 Frequency response curves of the lst sym-
metric and the 2nd symmetric mode : 7=
0.01,2=30,0,=1.21,w,;=3.01,h,,h,=
0.005, H,=0.1,p,=0.1land ¢= 0.
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Fig. 7 Frequency response curves of the lst sym-
metric and the 2nd symmetric mode : y=
0.02,k=30,0,=1.68,w,=3.04,h,, hy=
0.005, H,=0.1,p,=0.1land ¢= 0.
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Fig.8 Frequency response curves of the Ist sym-
metric and the 2nd symmetric mode : y=
0.03,k=30,w,=2.18,w,=3.04,h,, h,=
0.005, H=0.1,p,=0land ¢= 0.
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Fig. 9 Frequency response curves of the lst sym-
metric and the 2nd symmetric mode : y=
0.02,k=30,w,=1.68,w,=3.04,h,, h, =
0.005, H,=0.3,py=0.1and ¢= 0.
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Fig.10 Frequency response curves of the 1st sym-
metric and the 2nd symmetric mode : y=
0.02,k=30,0,=1.68,0,=3.04,h, , h,=
0.005, H,=0.6,py=0.1and ¢= 0.
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Fig.11 Frequency response curves of the lst sym-
metric and the 2nd symmetric mode : r=
0.02,k=30,0,=1.68,w,=3.04,h,,h, =
0.005, H,=0.6, and¢= 0.
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.12 Frequency response curves of the 1st sym-
metric and the 2nd symmetric mode : y=
0.02,k=30,0,=1.68, w;=3.04, 0, b, =
0.005, H=0.6,p,=0.land ¢= 0.
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Fig.13 Frequency response curves of the lst sym-
metric and the 2nd symmetric mode : r=
0.02,k=30,0w,=1.68,w,=3.04, ., h,=

- 0.01,H=0.6,p,=0.land ¢=0.
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Fig.14 Frequency response curves of the lst sym-
metric and the Ist anti-symmetric mode : y =
0.02,k=30,w,=1.68,w,=2.0,h,,h,=
0.005, Z=0.3,po=0.0and 6= 0.
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Fig.15 Frequency response curves of the lst sym-
metric and the lst anti-symmetric mode : y=
0.02,2=230,0,=1.68,w,=2.0,k,h,=
0.005, H,=0.1,p,=0.1and¢=10.
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