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Natural Vibrations of Rectangular Stiffened Plates with Inner Cutouts
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Abstract

For the analysis of natural vibrations of a rectangular stiffened plate with inner cutouts, an
application of the Rayleigh-Ritz method is investigated. In construction of the trial function for
the Rayleigh quotient, only the outer boundary conditions are satisfied with combination of Euler
beam functions. As to the modelling of stiffened plates for the energy calculations, a lumping
stiffener-effects method and the orthotropic plate analogy are considered for the purpose of
comparison. Some numerical results obtained by the Rayleigh-Ritz method are compared with
results by experiments and the finite element method. The following are major conclusions;

(1) With the lumping stiffener-effects modelling the Rayleigh-Ritz method gives good results of
both natural frequencies and mode shapes. The orthotropic plate analogy in cases of regularly
stiffened plates is of restrictive use i.e. acceptable for a small cutout.

(2) The natural frequency of a stiffened plate with inner cutouts between stiffeners is higher than
that of without cutouts and increases as the hole area ratio increases as long as there are no

discontinuous stiffeners due to the cutout.

o

om

W T4 (Hg)S AA Z=AE A EA77] o8
1. A il d Fol o] stA] ZAY Ho] AbEE gtk Rayleigh-
Ritz ®& Rayleighwd & $83 47t e

A F2E de)74 Fej o vARo R FTA5 B0 Takahasi (2], Joga Rao 5 (3], Matsumoto
A el QA FFA3, A#d %733 #%  Kristansen (5], Ali 5(6]9 77} =23

AHE 52 93] Fo] EelE ALs Bk o9 -—‘ir—&’— ASHY Agel delA # JAdAA zANE
2e FEE AAAE A% $FGHIL) #T=E Foteg st £48 248 d3ld &% 3
Ao A% FA FAAE H2 9l wl $ Rl HalAs Aksu F(7]0] Sd TR

=,
T)‘ E4]a

o]

+Z 999 A, Kumaill)e] AF5 v 2sted @ Fdo] P JAAFFA A Fel Aot fEAEHo

J

N

Ze Edg A$% Adetnt B dAUHRS T AT S Foh 2o ofFt

f

T A%a 10879 89 319
* 439, AL
w433l Agd oY 24295

& AT ciReld kel ABUHDE e At 2 2RALAE PAIE §T 2309 A



36

AAAY 23R A%5¢ Ra
ot Sl ek TAbg
AR AdE 3 2uy wbdel g E w7
L e e I R L P K S s e A
Atz as f A3abE G0 S4Bl
FolR AR A8
&3 EpA 0w W

Z ol A H gt
. o] = 7 91} Rayleigh-

_/;:

2 dTdAE %
yleigh-Ritz W & &

R=5
[+}
A

l*°h6?°% f4

GHel S0 g A A4 A ;
A A vl A=,
A el B9 wee 4o
ARG o] Widl, o A9 ol 7%
§ Fde AAZAE FAd 0EAL & ot A

A oot gk

2. IR EHe g4

Fig. 13 2r& AALE witged 9%, =4Y =
E AAZAEs e 49 Foeo dE Ao Hs
o Rayleigh-Ritz w4y & 288l =Hx FAZ 3
Age

BHY WY Y ASTEL I

AL g 2y Pz e FE F o}
A e zysd, &, 234 astE 23A H3
A AeAe FRA AFaAz AFHnEA FEFR
HEHE FF FHAR 0} wPA 5 wdRE 5

Fig. 1 Coordinate system of a stiffened plate

Yr
.___I
>

A usaz ol Feln Am ARsHe B el A B
M 2% A% 29 gz )3 wA A uw

TEE FANeE HGR AS wgA w4E 4
o %kon PN 137 $2AA % An
ol WAoo AR ‘%i( 1<+ CER R
25 gfolet )& mA . AR 2 9
o FAA el s gL & e

RayleighRitz #49] 44% 9@ 4435 % oY
A ALE A ASH Wie )9 AR Qo)

FF Bgae gdAAZANE =

upFEE e s A AA2AL 2= derd =
FHF Xol), Yely) (mon=1,2,--; A%

o] &-3te] o] EL HF

HEE =gtz

Eiac

offt

CERS!
2R SdAAzA] BE
ZAA ez @es el Ed

Wiz, =5 % Apn

m=1 n=1
AN Al 2AASF F, W
ol XI A A

A 53 AF 24 Py

2N &% A5 2l el doly FEF
239 plate flanges} R 3A 9l =359 % (Fig. 2 F=
of Hg TPA G Aot A4 525 E AFaFAgR
HAwete Tk read A4 Ele &3 2ol
AA=AG((8) ¢ (5 F=x]).

EI=El+ 25k @
$7 waxd VEAY GJE B4R o HA S

Wl B} 2AAc EYHon Adevn sbge

Xon () Yaly) n

A AL ro] o},

&
)

(9] w7wte] St. Venant ] &34 o 2iel vhg
7ol AbA = o},

6I= G Taus 3)
2), @l A E,G R vz A2 Aue] A%, AwEy
AlS 9 Poissonul o] o] Lz 2FFH S 3 23
vhe] =t 23 EolE, SE plate flanged] faTojlx

A 7 % Fig. 2¢] 2 whs} 2o
oloh o] muigalyl §¥ mARe Ay
A Vmax % reference kinetic energy T#+ $3 F4
A AL ANEH FA 2oz AdRE Fokd
delA 4 9},
Vinax= (Vmax)p+(vmax)b )]
T*=(T%) p+ (T*)s @

A7 )y C Do 27 Hasd
Journal of SNAK, Vol. 24, No. 8, September 1987

Heke] A A



3 A44Y 2w A5AA 37

J S— T=4 3 [, 4w _do
—e e
ol + 5 5 [, AW dy (10)
NA. of plate -

7 B i AdE ez Ae 239 &
Jte WA, mams A7 xy gl 2R S, Le
B T wbA A Aelel M@ ARFas vhehe,
: 4 o)d % muw ¥y
f% 2AgE #% AL oA gioz AFg

i mwlon 047]/“] '3]';91;‘}‘ .rnyr% 7’]'7‘}_ Y=Yyr .T:.’L‘,Oﬂ —ﬂilﬁ‘l-
|

Fig. 2 A stiffener with plate flange o ) 1] H W12 Vmaxr 9 reference kinetic
. energy T%& &3 ze] A€ =H(10).
0] 8. X
1:] =1 /\zﬂ‘i} B ‘gg [ W ) _(_2D< aZW >(>—¥u]—)
@, G)E 44 A5ad F, (D] Wi,y E Vinax= " ozt dx? 2y
b 7 ohga) 2ok, +4D”< ?;VBV ) y( a;uz/ ) ]da:dy an
3 594 Faie] ovA sl R Y
2 2 2 »‘-_7,1_ 2
i 2[5+ 50 P
W o714 Afdd As % Aw o4 Hhe AR
+20-9{(555) =] o] rﬂ Aeist #4A% DuD,y Dy Doy & 57
72 SEFA kA AR mule]l whol A nA 714 o)
PN ity @ AT A AN 00 i 53
“ o v FHEFS Ay 29l W plate flanges] FE o]
(T%),= ,,h“ W dzdy D mAAe A5 pvE e b 2esdd 44
N Geowl wnlA e 2} g Th el M oz
A71A Dz T e §e A0l = A no A4 ;1 ‘i%‘l qu]E]“o:aOﬂ il e FrAsng
3+ Fko e
U, whie s 2w Apq aw gy 1 TES R A
B AA wiA] A Folth AA 9L FI& Dy=D+-17 e" +V—V—S‘1‘—
A At fe :LOU Adg Y o S v Ehe_-y EL,
Eodel g %, FaAA Rl weAA w Dy=D =57,
T o A4 Hae ASe= FF A (6)9 2D,=2vD (13)
1238 A7 o] H2z 6)% (- WD G(Zd,-t,-" Ldit? )
o . AD,y=2(1- D -7 (-7 + ot
Vaady=2-[* [ (ZW —+~ﬁ~)dxdy 3 U s, s
h :h+m4€.,,+ ,AY
1) g [ i a°W> (1) ¢ S, S,
r' =2z )" v
i\ oz ol 2| A sk A x,yt— Z.‘51‘.' z,y ol ek g
Al 32?;)2*'( o ST Wdzdy @ s A e @A, S 23 93, D
w1 ATEL (2, g o] Gt
of o8] A ¢ ook A A 3o SER A E, G, L’]Z e, Ip 1 7] L] .V_VL.; ) (2), B)el A A ‘o_
o} B HO“ LH &L U{XA-HVCL F 0}“:]- UI9+ L:l- (11) (12) ] ] s JY:A C) (7)9] 73_"
W FEA A AT ShovhAA E e AP A ~'1 o] 4

A F ooy R oy w) iz
Vo= 3 [ {Br (WY ngx X9 ¥y
e @, (6) ®=E (1D, Ul &) $3 ngze] 24

el W el g

—I—GJ,(:;W—)E} der L {Ely WY ol1dR] 5l reference kinetic energys} A Ak,
ox0y =y 273 Rayleigh quotient
PWN . oy (PW ROW) = Vimax v
(ay ) +GJ, (axay>h WP ® (W)="rs 4o

K EAEB AL 248 2 398 19874 9A



38

A Fad =,

minR(W)=4 (15)

% 27 9% 24401
% ;— .

B e e Clves SR
oz ¥Y 2gA BAA 495 F 109 94
Az 2y

b g . ‘s — .

2, 5 st = amit) Am=o, (G215 700)

an
Ee dEldxs g 2HA 4gA

(K3 (4) =A(M) (4) (18)
¢ A% & A a9 8 4, (ALo=L2 )%
FHEEA §F 2309 ZHAAEF o9 ZAA
WI=4 3 (ALE Do AT ool dEHE 3
#REYol AAAT

3. =X HM

El

A8
et

FA AAS AEE A A4 240 E=2.6x10"
N/m?, (=7.85x10% kg/m%* dut F2& 43¢ A
43 st2, A2 2 F4 7 600mm, 600mm, 3.2
mmgl 3 o] D5 Zojet F4 7+ 30mm, 3.2
mmgl 2ZA 6747 ydFoazut FRAE WA
dew, ol2{d BAHA AFo] e A+E FFAH

. FA A A v=0.3, B7A ] 9 & plate flange

Z2 5744 7A4E& #HAHA FH AL
9 94‘33737115—7‘1—% 49 (ol =¥ deAAd A
2N HPE AL drAA

olx o]df "?‘z—]fi d& zAHd F5+6G-C-8-0), 4
P 4qde] EF FeAAA ASd AdlA FPs
At
Rayleigh-Ritz ¥ ¢] 8o 93 44 7%] Abell A} 2
9439 14 (D2 #§3 2339 AZ v F 2e 9
AAAzAN FAE AAzAL %E ?l'—fv:i-"% 3
T4 Xn(z), Y.()E 23t ge5% o] A4
3ok,
S-8-S-S¢9f A3 5
Wie, =3 5 Am sin-"2% sin "2 (19)

S-C-S-Ce A%

»
Wi )=3, qu A sin TEE
m=1n=

{er(con

A%A - B4 E-ARE

—cosh 252 ) (sin %2 —sinh %)}

(20)
A7NA an e g 4oz B AFgAd,
€08 ay-cosh a,=1
_ sina,—sinh a,
" cos a,—cosh a,
434 a7 4 A3 HaAEs T4 /¥ =

A8t st A4 60mmel 9 Fo] Table 1] 29
ule} gro] B4R Aol whake] 473 FaolAl Aol A
B o] mE Atolatold P A¢S EFA &
g FdA AA HEFE Qe ASoln, FE sy
= 23% A4 9% FAE AT 2AA
9 LFI FdFel He 4 ans =
Aoz 719
AYE A" Aol glold 2344 B4 235
epoxy?ﬂ° 5 AFAE ALsted Ao maEq
. 99 ggAAE2AY TS 99 knife edgesl A
fiil%iml ZAAFTF Aded dolA AR S
A8l FA7IAEE Hstx FdAE T2 FFTEA
7)ol o gt
= va 2% FHez w34 ad A% 2y
Bilel A oo FrA flAAA ZA da fTe
ayld o A4z Fgag e, of A% Rayleigh-
Ritz el A &= =22 79 F4d9 AF AA=z2AL
23 A AdA vlx FH49 st gt
84 $EL FF 9 2A 225700 & 196719 e

49 84709 Mo a2 veled, ¥ HE A
a4 A7 e 28-S E W, £ AddE

Tz A JE4 2zoadq SAP IVE A3,
2 A4 2 A8 AAEL Table 1 9 Fig. 37} 7
t}, Table 1€ 60mmg %%—01 BAA Ateld Q& A

Tz AF 2 AAE HEAA S 9L Azt
Fig. 3¢ 274 SIdA L S48 3t 950z 9
3] FadS BAAV A8 A 5dd fEase] 9

oA A4 2 APe 100, 120, 160 © 240mmge]
DT Y& AT Azt st =3[9y
#F W A5F L1 FF A9 A% fo(Table 1
Fz)ol Ra vl fiulfost AT AR A A

Hak wl e #A S wyet

Table 19} Ritz I FFE (19), QOAA p=g¢=37
A F3ste] @4 Aspolx: Fig. 344 4F AA9
2R zkAd W& H s 1.0 0|4 = Ritz AFF

Journal of SNAK, Vol. 24, No. 8, September 1967



& ALY v AEH4 39
Teble 1 The results of natural frequency calculated and measured
(Unit : Hz)
B.C. §-8-8-15 s-C-8-¢
Method | Rayleigh-Ritz Exper- | Rayleigh-Ritz
Order F.E.M. F.E.M.
Hole L -5 0-P iment L -85 0 -P
[ffﬁi, 1| 195.6| 200.1| 193.9| 190 | 438.6| 447.9| 436.0
S E i : : : E S 21 214.0, 219.4| 212.9 210 446,31 457.6 | 444.6
JIS}OEC: L 31 288.0 276.0| 269.0 272 474.9 | 488.4| 473.8
BURER! 1] 198.0| 198.2| 195.8 194 444.0 | 449.6| 441.1
: i lto% l{ 1 21 214.1 % 219.4| 213.2 210 447.0 | 457.7| 446.1
: ll 1 ]‘ : 3| 269.4] 274.9| 268.5 276 481.4 | 480.3| 478.0
;” T 1 109.8 195.8 197.5 196 450.2 450.1 446.5
lb‘: H :IO|| 21 217.9) 216.9| 215.4 220 158.9 | 461.8 | 454.8
il ! 3 271.5 273.4 267.9 286 489.6 | 493.8] 482.0
1] 203.7) 193.1| 200.9 200 461.6 | 454.2 | 456.3
21 220.5] 214.3| 217.5 228 467.2 | 463.7 (1 461.4
3 271.8| 27v2.5; 269.2 292 490.9 | 493.4| 486.1
} { :QI l, I 1 199.7 197.9 197.4 - 445.7 451.7 443.4
{ : ﬁ: : 2] 213.9| 219.2| 213.2 - 446.9 | 457.6| 446.4
Littll 31 270.7| 274.9| 268.2 - 484.9 ] 493.4 | 480.4
Note:

L-S; Lumping stiffener-effects method
O-P; Orthotropic plate analogy
Panel size; 600mm X 600mm % 3. 2mm, stiffener
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