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Fig.12 Unstable regions : CASEV, =1.0, 8*=0.0, §=0.8,

kF=kF=0.0, N;;=0.5 and N=0.0.

e EAMRE A3 564 U BB © 12 iRE) I HH T 5. &
fo, BENELCEMEORELZE LS, Pasternak
iR Eo—FWHEIE AR O EY Tid, Bt &
O EHIROFRLEEE Lwi/k, (ws+ wm) / =1}
ofttls, BEMMREOBARTE SR Lwy/k, k=2) I5F

HET 5.

(2) ZWE/INS A —2 EREINT A —2DFE
Fig.11, 1213, CASEV OF 5 EAHEROARLE
A £, Fig.1l D/3F 4 — ¥ OFRFE X (F*=0.6,
8=0.0) THY, Fig.12D/35 % — ¥ DEFIL (B*=
0.0, 0=0.8) Tdh 5. MWKOHHE L, BRTEEHEN
T Ny ©d 0, i EXTIRERSM 0 THB. 1P
Kdr O f A0 OFHRER D BAHIR O RL T HERK % &
L, BATP0 ORI EHIRORLEE R £5.
Fig.11 [T 5 RLEFBIL y=5b/2 W U TRIBZ
BEERESEOEBRIEIZ L > THERINT NS, RE

EFEIC R BEARR O EALER L 20y ERHEHIED
ERTE I 0ut om PH 0, FHEHRE 0 BHMR

DFHBTRLERBOEHSIED. Fig 12 ITEN EREE
FEI L y=0/2 1T U TR - o EHEREIEY 5
Erian 5. Fig.dl & BRI, RS E5LRD



20 T T 20 T T T

TAEOE 00 0.4 6 0.8
(a)5=08 (b)p* =06
Fig.13 Variation of unstable regions : CASE T 8=1.0,

k¥=xF=2.0, N;;=0.5and N=0.0.

1
00770.2

20 T 20 t
i 2uy
v & Z2ugy L i
16 b 16 |- ﬂ
2 P
2 = 2
- [N —2 TF w3
S o
/3 ISEEEeaE s, 2urs
- - 12+ Plaked £ R _
. 2”13 y? 7
va 2uy
Z Z 2uy L .
2y
2
Py 2m22 g+ ]
2y
2u 12
;77 v[—ll . 2 21-021
7 Wat ‘
4 B 4+ 4
777777777 7IZTIY I e KN
0 L L
0 1 ce® 2 09 1 Kot 2
()Winkler foundation  (b)Pasternak foundation
(k" =0.0) &;-zd

Fig.14 Unstable regions : CASE, 8=1.0, B*=0=0.0,
N.=0.5 and N,=0.0.

WA AEE L, MRS ERLEERO 130 12 IR
TEEL w; RN TW5, 53, Kar I & A8 T,
BOELTEHULTWVERD, waD &SIy a0
T— FAREE— FOBEoaBEBLND. 12,
Bolotin D HEZHWT VA 28, wutwa D &S 2k
LGHEABA LS TE L.

REDE ST A — 5§ PHET 5 S EHERBH /N E <

182

2BOT, TNIEOARERES Fig.11 iKk~x o @
BEWUETRETS. i, FLEEBOELEINT 5.

Fig. 133 EEYIR 2 b EHBEAFFHSEHER

(CASE 1) ORGEREBIZRITTEME (7 A — ¥
B* WENRIA-FIOHELELILEDTHB. &
2T, FEERBISEIOCESENN Nu=0.5 TRD
TWh, EWE/T X — I PKRELBEEEEHERD
WEASEL, BItEDSKE < 550 TREGERBIEILEL
15 BRENDRE LD, WIEEISTA—FBREL
HREY Y TEPETL, BMENNE <320 CARLEHR
A IE < 5 AARREIRE .

(3) PasternakEB/XT X —% g}, kFDFTE
Fig.14(a )}, (b)iZ, 20 M EIE SR (CASE
1) =207, Winkler 5 (£#=0.0) & Pasternak
HEE (kF=2.0) O 2 0DEET, EHEANN Nx=0.5
128 I BDARLEESIE o & EIOT/ S ATEE cF & OB
ZRY. AREFEBOIE S Pasternak B (£#=2.0)
DF L, £F ORI > TRREFHBORIEHE L
%, Ut T, Pasternak BWE/ST A — ¥ k¥, kF
BALEHER L §H5RENDIRE &D.

AFCiE, Pasternak i LOREDE % H > MiH
EAENROEHRRE, EERED L CBNEESE %,
Pasternak 28, BEOE B LOEME/ ST A -7 Db
CIBemitLtbDTH S, BonERET DS
&

1) AW THEM L Rayleigh-Ritz LB s N HH
%2 & &2 Hamilton DJRHE Z 1T, Pasternak
RepE FORE AR b D E W R TTEAR DB E RE
EE— FEO—REEICEYT 2B AR ER T
7z,

2) Pasternak ERE LORE IR A L OEWEE S ER
DAZEFH OB, BHHR S ESIRSTFES 5.
Ui L, fEEHRE, BRI A TRLERBOR
e,

3) BV ERBRICEEET S EICEBAEBLEESERS
UC OB &Y, &0 Ol E-- RUSLORLERE S
BhaslEzmuUiz.

4) Pasternak HBEO & ANBIEIC DN T, Hk2)
DIEREDBOBRERLB LN, CANBERIE IS
FTHIY, KRXICE > THBLNIERNEETH B,

BEIC, ARFOREREIC I RIR AR S E R
Yty —DOBTFHEMFACOM VP-1200 €7 10 %
R & 2T 5.



Appendix A Ritz 7&(C & 2 BIEIREMER & &L FBE
[EREAR

A (1) BEORK (3) &, &2KF> Yy VTR
F—WEDTD LS T8 5.

W(w) = V(w) — U(w) (A-1)

BEE RS & OCEBEITO 2o, ERICBNT Ny

=0&95. K (A1) O—BBEZXRDO LD IKET 5.

w= EmglAmhm(S)ﬁn(n)e““’ (A-2)

TN, hm Bt CASET~N T, 110 OEBIE,
CASEV T, BV OBEBAREE (Appendix C), A
CRETH, o BEDESK.

wRIEIEL 72K (A-1) BEORK (2) 2 (A-2)
2fRA L, Rayleigh-Ritz & #EHT 5 L RAVEHN
5.

2:31 El El E:IAmn(E,,,ms*/?;‘,Fmrns*A_lmems)
=0 (A-3)
s,

1
B
2(0—w)

8

+/cs(

Emms= lzm,ns+é(1,z,fis+1,zrfzs)+1,,1,,izs

+ Imrlfzs—*_/féklmrﬁts

sl Lot I Ts).

Gmms Imrl}tm mes

‘BZ
c BHBEROERSS
I, kF=Rb/Dat D EIRT S A EHR,
Ksb?/Din?  fERTTH ABTBERL
R (A-3) BIRD LA IITHIFERS LS.
([E1=25[F] — N [G]) (z) = {0}
[E]1=E{s+(r— 1N, nt+(m—1) N} =Emms,
[Fl=F{s+(r—1)N, n+ (m—1) N} =Fppns,
[G1=G{s+(r—1N, nt+(m—1 N} = Gupms,
{x} ={AnApAy - AiwAor - AivAsw) 7.
No=0& 83, HREEHOBEEME A, ¥BoN5. &
12, =0 & BT, Npo=2, DEBOBEBEISBONS.
BEBRICBNT, R (A-4) BITHoBEEEEEICE
#ans X7 2HNT, 1R, 2R, -, N
ROBBREEEZE S0 TES.

Irgrj}tsv Ir}zr; Irftn

(Appendix C) (m, n, r, s=1, 2,

k=

(A-4)

Wm,,=p§la;” sinmnEElaZ} sinnmIy, (CASET)
Wm,,=p2=21 ay sinmmE X
‘Elal’}{cos (g—1)mn—cos(g+1)7zn}, (CASEN)

Wmn=p§aﬁ{cos Gp—1)nE—cos(p+1)x&} x

Ela;‘sinnmy, (CASEI)
Wmn=p§la’;{cos G—1rE—cos(p+1)mE} X

Zailcos(g—Dan—cos(g+1Dmn). (CASEN)

—EGTXP(E)‘;G?Y(;(T])‘ (CASEV)

2z, E=x/a, n=y/b, X,  FEHHFVOEFIR
BIE, Y, WHERE0 OBREREE, o, o BH
REENT > B 5N B E— FEE.
Appendix B TS Ak, Bl Ch.

A= [ s© 5

( Wmn X33 Wkl nm + Wmn m Wkl 56)

Wmn,ef Wkl,é€+ Wmn,nn Wkl,nn

132

20—v) —
+ U0 7 W) din

AN R
[ L e Wone Wi W W i,

kI—fmenewméd&dT]’

1 1 — —
= [ ['6© W Woidear,

Wuv/ Z au h Z anh«n Wm; o= Z amh’ Z dnh

Wuv.ffz Z a;‘nh;;z Za;}thm Wuv.nn: Z a}‘nhmZa}iﬁZ,
m=1 n=1 m=1 n=1

n_,wé: Z a;’::h;n Zﬂzh_m I/I_/m/,r]: Z a,’t,h,,,Za,’i};,’,,
m=1 n=1 m=1 n=1

@y @50 NEE, by Hons By By By B

C). m, n, k, I, u, v=1, 2, -, N)

(Appendix

Appendix C [3+) DEIHEHOERES

1= [ S@huh,ae. 1= ['s@ hasat,
1= [ S@maniat, 1= ['s@ninde,
1= [ S@mmde, 15 [ nuiiae,

1= [ e, 13,= [ 6@ huhye,

B= [ Ribdn, Bo= [ Bihan, B= [ hisan,

Bo= [ Ran, L= [ Hian.



, _Ghw ,, _ d*hwm ., _ dhy,
hm_ n_dgy hm“ 7T2d52y hr_ ﬁds’
7 dzhr ﬁ,ﬂ: dﬁn Tyt dzﬁn
7 TL'ZdEz’ 7l'd7]' n 7[2d7]2’
Ijl" dﬁs L7 — dz}_ls .
Tmdn' T gyt
1) CASEI~N 054

b (§) =sinmr&(CASE 1, 1), k,(§) =smrr&(CASE L, 1D,
hm(§) =cos(m—1)mE—cos m+ 1) nE(CASEN, V)
(&) =cos(r—1)m&—cos (r+ 1) 7&(CASEI, V)
ha(n) =sinnan (CASE 1, 1), hs(n) =sinsan(CASE I, ),
h(n)=cos(n—1)mn—cos(n+ 1 nyp(CASET, IV),
hs(n) =cos(s—1)mn—cos(s+1)7n (CASET, IV).

CASEV o0&
R =cosAma€—coshAnaé+an(sindaé—sinhA,at),
h,=cosA,aE—coshA,aé+a,(sind,aé—sinhi,af),
=1, h=v3(1—2n),

2)

1= coshptnbn — cos by — Ba(sinhy,bn + sinpebn),

hs=coshusbn —cospsbn ~—Bs(sinhusbn +singsbn),

(n,s23)
_ sindma—smmhAna _ sind,a—sinhid,a
A= CosAmat coshima® % cosAratcoshi,a’
5= coshy,b—cosyyd 8= coshusb—cospsb

sinhy,b—sing,b ° sinhgsb—singsb

UL, A, Aal RS0 ORYEEE, u.b, ubd

DS E I ORBEAE (m, », 7, s=1, 2, -, N)

SEVR

1)

10)

Takahashi K. : Instability of Parametric Dynamic Systems
with Non-uniform Damping, Journal of Sound and
Vibration, Vol.85, pp.257-262, 1982.

Kar, R. C. and Sujata, T. : Parametric Instability of a Non-
uniform Beam with Thermal Gradient Resting on a
Pasternak Foundation, Computer & Structures, Vol.29,
No.4, pp.591-599, 1988.

AR, FA B EMERR AR, BB, p.385, 1976.
HIBEEOMBEZOINE (1), ARBEEHRY,
pp. 448-453, 1967.

Bolotin, V. V. : The Dynamic Stability of Elastic Systems,
Holden-Day, Inc., San Fransisco, 1964.
Simons, D. A. and Leissa, A. W.
Rectanguler Cantilever Plates Subjected to In-plane

: Vibrations of

Acceleration Loads, Journal of Sound and Vibration,

Vol.17, pp.407-422, 1971.

=i, HHE, B Pasternak E# Lo EFER O SR

LEM, WS L¥EmCE, Vol. 38 A, pp.55-62, 1992.

SN, kD BEIR s EREE R 29 2 BRI

TE, WALAFRMEHAETHE, F36 %, F351E,

pp. 147-168, 1975,

Gorman, D. J. : Free Vibration Analysis of Cantilever

Plate by the Method of Superposition, Journal of Sound

and Vibration, Vol.49, pp.453-467, 1976.

B, B85, A B osNREE—-Z 07 Tu—

F ERERBEADIEA—, AL, Vol8, pp1-9, 1988.
(1994. 9. 26 &)

VIBRATION, BUCKLING AND DYNAMIC STABILITY OF A NON-UNIFORM
RECTANGULAR CANTILEVER PLATE WITH THERMAL GRADIENT RESTING
ON A PASTERNAK FOUNDATION

Kazuo TAKAHASHI, Hisaaki FURUTANI, Tomohiro SONODA
and Yoshihiro NATSUAKI

The vibration, buckling and dynamic stability of a non-uniform rectangular plate on a Pasternak foundation
under the action of a pulsating in-plane load is studied. The small deflection theory of the thin plate is used. This
problem is solved by using the Hamilton principle to drive time variables. The dynamic stability is solved by the

harmonic balance method.

Natural frequencies and buckling properties are shown at first. Then, regions of instability which contain simple
parametric resonances and combination resonances are discussed for various boundary conditions and parameters
of Pasternak foundation, non-uniform cross-section and thermal gradient.
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