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Natural Frequency of L-type Folded Plate

Kil Woo Lee* Kang Chung**

Abstract

The frequency equation and numerical process of natural frequencies for several
boundary conditions of L-type folded plate given to the different thickness and
length are derived by using Rayleigh ~Ritz ‘method in this study. Those natural
frequencies are attaind by choosing the proper eigenfunction for boundary conditions
of x—direction and y-direfction beams, by considering the convergence of numerical

results.

Key Words : Folded Plate (3 %), Minimum Total Energy Principle (HAAA
U# 99%), Eigenvalue Problem (2§ ¥#l), Cranked Beam (4% 1), Frequencly
Equation (F %55 ¥4 2)
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1. M =

B (plate) > B APEoIIM 3o Za
§ FRE FHLLEAN dY olgHo Qi E
3] FZEIAM HEZ B(folded plate) e AF3},
ZA, 83 9 $3:4Y T Be AdEobiA
de o851 gle FRE FAHLALTA A
R FH BAC doiMel Z1E ulolgl, & P4
At AFAEF T3 e uoletd Yd w
o g sdo] 97 EHT k. 28] wEo

=

A olo] B BWE ATEEFo] WEHT 3
o
WA P (plate)o AF BY ATE=EL A

HEH, 19514 Hidaka, K., 1953%d Nishimura,
T., 19558 Abramowitz, M."® Z& F.D.Mg
o] g3t RE (edge)o] TA(clamped)ZA<l

H(plate)ol]l et AFHHL 9, 19479
Galin, M.p., 1952¥ Munakata, K., 1957
Stanisic, M., 19633 Aynola, L."7" %2

Galerkin & ol&ste] P (plate)oll thgh A
a4 stden, 19509 Young, D.®, 19539
Nagaraja, J”., 19543 Warburton, G.B.""E&
Rayleigh ¥+ Rayleigh-Ritz ®9'¥-& o]&3}d
TAME Fch

28y, A= B(folded plate)o] Wdt A=)
4 =82 A9 mzd FEH=R HIo 9ol
1982 guyader,.L.'"” §& fA%(coupled plate)
of tigt ZFox A (transmission)o)] 3l
Aehe T, 19859 Nakahira, N. " 2 3H(plate)
T2E9 hetd Newmark WHE olg3ozH
FAHoZ AFHHE dFgen, F of FAF
¢ HEF T(folded plate) sl 3t AFHA =2
L 2Me= 1984 Irie, T. ¥ 59 Ritz ¥ ol
F dYFA B AAz=ASAAY A3 (fol
ded plate)ol] gt AH-2E HHe=E Fwrl A
€ Tgolth

M, & sfdAds ¥4 2 oyl Mz
o0& L-3 dI B (L-type folded plate)e =g
2 dAto Loveol&'" o] 943 Hu 3ol

2
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2 9 HAALFAURE ANHHer Hristm,
Rayleigh-Riz®® & ol&§o2x e AAz
A (boundary condition) o] @& A ZFuFA A (freq
uency equation) g Fx3lgom, dutel o=z A
Ztzre] 7 AZ3 (boundary condition) % x*W& I
-4 (clamped—clamped), y¥& 2AH-1A(cla
mped—clamped) & AAstd yyuld & uH
AEFE Yo sAstd.

2. Rayleigh-Ritz dt#io| o|=

Fig. 19l Yebd ulel o] sl mde 2o} a,
%‘o] bly bz. "%‘7’“7}' hl, hz?l L_ﬁg HE S&O“rl,
B2 3 (local Cartesian) 2% & #Hsl¥ch
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Fig.1 Geometry of Folded Plate
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W, W, ~ ( W, )2
+2 VST 3y’ +2(1-v) 5% 9y

=g, AGeFAuAs et 2k

1 2 ¢ ~‘bL * 2
T=1pw élhil ﬂw, dz, dy, - (2)

a7]14, D, D,= 33724 (flexural rigidity) 2.
224 D,=Ehi/12(1-v?), D,=Fh}/12(1-v*) ©l
7, Ee 8444, veE E29$ 4], pv 4L,

wEe 7+ A= 24= (angular frequency) o] o},

o (plate) o] HAFF W, o3 o] 714
g 4 Utk

W, g) = 2 2 Anm Xn () Y (3)

......................................................... (3)
A7NM, Xmlx), Yoly) s 247 x 332 y 4
o] AAZ7A (boundary condition) & TEAT|=

W ghola, Apnd v AFelTh

oz, Ha AAUA 9F (minimum total
energy principle) ol &3l &< BAZ AH
gt

oV  &T .
oV 9T 4 k=12, M:8=12
S~ 2 =0, (k=12 12,
N ) e (4)
A@)e A1) F 2@ ddsty, H@)e) ma

o 2,
M N bl a , ,

0., & [ [Txaxvay x.
X YL Y 4y (X0 X Yo YI 4 X XEYLY,)
by
4200 Xo XL Yo Y. | du du +a=f
(1) [e)

f [ X2 XU Yo Yo+ Xn X YZ Y+ (X2
X Yo Y7 +Xm XEYLY,) 42 (1 v) Xh X

Y, v; )

(

bl
M N
dx: dys-pw'h, 3 ZAmm[ f
2) m=1 p=} o
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a by a
f (Xm Xk Yn Ya)(])dx\ dyHra/; '/(;

(X Xic Yo Vo) dy gy | = 0 oo )
2
A71M, @ hy/holi, XYY" 58 22 gxf
2
Y B LR ol

8 X, Yool A4 (orthogonality) &2 HH

/ Xm Xe dx=a, (m=k) o, (mzk)

f X2 X2 dx—=km*/a®, (m=k) o, (m#k)

o

51
f (Yn Ya)ld)’1=bn (n=Q)

b2
[ 00X dy=ri b (0=0) o, (14

b
/ (YL Y,

b2
f (YZY!)2dya=7% B* ki/b}, (n%0)

)1dY1=k:1/b:;, (n=2) o, (H#Q

=0, (n¥£)
(Yn:y, HFel y o] & 337,
key kn: ZH2E x93, vyl die B f

3, g =by/b,) BAZF AP,
Emk=af X, X dx,
Ekm=a[ X2 X, dx,

bl
(Fodi=by [ (Y2 Y0), d,
b2
(Fadi=bs [ (Yo ¥D): dya
bl
(Fon)1=b l (YZY,), dys, ceeeeeeeseesees

b2
(Fﬂn)z:bzf (YK Ye)z dy,

Gmk=af X2 XL dx,
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a

Dadi=by [ (OGY7) ay, @B+ 2 Enn | (Fun) i+ (Fu| +

(Dn)a=bs [ (V4 Y0), dy, 2(1=3) £ Gun | (D) i+ % (D]

2} Bt B=Db,/b 2t . AB)E M=K N=0Ql (1)
9 A%
. " Lo (2)m=k, n*0d 3%
2 2 A | Sh kR
1 3
C = v B[ (Fad i (Fu it & (Fo,
+7ha B)+ 2 B | (Fan) > T8
+ (F n)z ] +2(1_ V)iGmm{ (Dn)l
7 2(1- ) ‘ b, :
+% (Fw,] + 2420 G, o
. +_(Dnl)2 .............................. (12)
| Do)+ & (0, ] — £ 4
! (3Im=*k, n=£¢ AL
ab, (1474 af) | =0 o 8)

C =32 (Ernt Fam) [(F,m) +2F ]
mn b1 km K 1 ,3 nn/ 2
m¥*k =+ n#ﬁ‘ﬂ %‘CTL

+2(1= ) G| Do) 1+ % (Do
23 A [l F G o)) B e 1
+( (Fan>1+i§ (F,,n)ZJEmk} + (4)m*k, n 02 AL
aa C(Jff}i = b [Ekm[ ( nﬂ)1+% (an)z] +Emk
2(1-0) L5 G (a5 | a
((Fuhit LEw.| ] +20-0 2
(DM)Z] ] . (9) A ; by
G | (D) 1+ (D)
A3, A8)% 492 FE L/ EA (eigen
problem)‘—:— %:ﬂ} @o] %\:} ............................................................ (14)
mzzl nzzvl [C(HTQ_Az (1+7fla/9)8mn :IIA‘mn=0 3- E_?.l'g'%\_
— e M f= cer N erverrneennnes i )
b2 M 0= 2 N) U wx-wge A7 Az de a2
o7]M, A*= w® ph,a’b,/D, &4 (Xm)
Smn= 1 (m=k, n=210) () 23 —-14A R (clamped-clamped beam)
=0 k =& 2
(m= n=f) Xm=cosh k—mx— cos k—mx—am(sinhk—mx— sin
Ctm»_‘c_:_ . a a a
—k n=2£9 Ao
Mm=k, n Cha ]ﬁl) ................................................... (15)
b a

clr =2kt (14740 8) +( &) K6 (14
a (I+rnep+ b, ki (1473 (i) 23 — 2§ E (clamped-free beam)
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a
#
xt

k k .. k .
Xm= cosh—amx— cos ;mx— om (sinh fx— sin

X =cosh k—"‘x+ cosﬁ‘x— Om (sinhk—'“x+‘sin
a a a

kp

a

x), (m=3,4,5, ) ceermeneaiansas (17¢)

A7)A, k nF 0me] Fe Table 10] UEeRA wpo}

(cranked beam) 9] &3t Yury

&3 g,

flo

JELY NS
] CP ] ?
® T3 ® a

o}

(1 (n

Y (y,) =7\ sin % i+ 7Y cos k—b"~y,+
1 1

( (1}

75" sinh LS 4+ CoshkL
3 b, YiT 7Y b, Y1

K ke
b yZWL’y(ZJ cos b2 y2+)}32

2

YR (y:) = 7%7sin

(2 (2
_n

{ 2) _n
bz y2+ 74 COSh b2 Y

(k¥ =b,Ap=ky kZ=Db,A,=gkns)

A3 H (cranked beam) o] AZ o] &R A (inte -

rface condition) &

Yn(bl) = Yn(bz) ’ Y;(bl)= _Y;n(bz)
DlYl/': (bl) = DzY: (bz)v Der/;/(bx) = —"DZYI?\(bz)

olm g, 2(18a)9t (18b)¢] W< (parameter)kn
b Ag n (=1, 2 1j=1,2,3,4) = AAZA

E g4 1§5 (eigenvalue) 9F IG5 E
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(eigenvector) & AAMgro zx AAHCH

o7]A, B vjE X (partition matrix) & 2}7}
9] HAAZA wel Appendixol el vl B}

Table 1. Values of k m and o for boundary co-

nditions. -
o kp i m= Om . m=
Boundary Conditions 1, ; 3 |1 23 -
4.73004074 | 0.98250221
7.85320462 | 1.00077731

10. 99560780
14. 13716550
17. 49336143

0.99996645
1.00000145
0.99999993

2m+1)7/2 | 1.0:m>5
.m>5

1.87510407 | 0.73409551

4.69409113 | 1.01846731

7.85475744 | 0.99922449

10. 99554073
14. 13716835

1.00003355
0.99999855

2m—1)"/2 { 1.0:m>5
m>5
0. 00000000 | ©.00000000
0.00000000 | ©.00000000
4.73004074 | ©0.98250221
7.85320462 | 1.00077731
10. 99560780 | 0.99996645
F-F 14. 13716550 | 1.00000145
17.27875970 | 0.99999993
¥ a 2m=-3)"/2 | 1.0:m>7

‘m>7

B eReAE A7te) AAzA% shiel dlzA
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Wk 54— 14 (clamped-clam -
— 314 (clamped-clamped) 2#A
el wE ngR A=

FAH oz st} o
o e B =R AN 24 iAo o
& FHH Zzadde & zzayl sErE
Fig. 3o Jetdl ue} g}

REEE

(\/ w® Phl a®

C

C

Fig.2 C-C,C-C L-type Folded Plate.

BE FEES EY BA B FHH ARl
RoiA, LHAE ol A mEE ool o
W $94 598 dshiA g Fig 29 24
2 739, MXN& 3 x5 ol4ox faAXHe g
WA A,

Fig. 42 al=h,/h))t=1, b,+b,=a, v=0.3

A B dAe gl = (by/b) =0.2~1.01 Fol
e 2F3 A =(V o’ pha’h, /D)) | & 6 RE
(I=VD) 7b21 vpebd Feltt &714, g=0% Uwt

HHE el Ro2A, B R o3 %3
S EAol g—0 5 A8, 1HA e A
ol the Youngel Aol FaakA € e,
B9l gol Z7Hdel weh meAAE A RE 4

{mode number)d] ZAA AXslA =734 =

[e]

v=0.3%1 A% <
=1.0~3.0t°l g &=
A FAu o7t S7HtoN
AHYEA F7isle whdo) w

w4t F7tsta w5

r}\ﬂ i
Jo

o]
AA .

-------- o
v,a 8, e?l

SUB t;Calculating 1y, kg etc.

leact SUBRQUTINE|---| SUB 2:Calculating stiffness matrix
1 & mass matrixi
SUB 3;Calculating eigenvalues

Fig.3 Flow chart of main program.

(»10M
25

O :Youngs Rasults (reference 8)

Eigenvalue of Vibration, A

02 0.4 06

Blb./ bl

Fig.4 Eigenvalues of Vibration vs. g (b,/b,) of
L-type Folded Plate, for which a=1, b,
+b,=a, v=0.3

Fig. 6= Fig.59 299 222 7 7ixwA

a=0.5, =2, v=0.3% A% tstd A
ool ek IHAAE vebd Ho 2z XA =
AnrA oz Fig. 59 299 FAS ke 71AI9
53], RE £ 37X A e e Jehxm



O X

B8

ok 28y, BE = oo HAueT) 2
ol&kQl A4 thik Aol7t U mHAAE e
3 ek

(=10%)
49

Eigenvalue of Vibration, A

@ 15 2.0 26 30
Stasnl
Fig.5 Eigenvalues of Vibration vs. Aspect Ra-

tio of L-type Folded Plate, for which «
=1, =1, v=0.3

5. &4 =

FAY Aoj7k Mg v2 L-8 A% (L -
type folded plate) & ZF4 WA 2] (frequency
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Eigenvalue of Vibration, A

equation) ©] Rayleigh-Ritz 8PS o]830 2 4
FEAd £Y, Z47e ZAxAC Be 247
S50 $24 4Tl FEAAG. ol x
FAZSF9] e x - Hol y—u3E W (cran-
ked beam) 2] 7374]17401] me AA 1435
AQsta, 2o WE X Azt _[_%u% w
Fozn dg = Ut

E

{ .\‘AO’)
L0

10 15 20 25 30
§(a/ bl

Fig.6 Eigenvalues of Vibration vs. Aspect Rat-
io of L-type Folded Plate, for which a=
=0.5, =2, v=0.3
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@

(i) 24 -4 E(cranked—clamped beam)° 4
0 1
1

[B.]= 0

sin k, cos kg smh kn cosh kg,
| cos k, -sin kn cosh k, sinh ki,
0 0
0 0 0 0
[sz] = R .
-sin B kn -cosf kn -sinh 8 k, -coshg k,
| cosf kn -sinf ky coshg k, sinh B ky
{ 0 0 0 0
0 0 0 0
[Bu]: . .
-sin k, -cos k, sinh k, cosh k,
| ~cos k, sin k, cosh k, sinh k,
I 0 1 0 1
1 0 1 0
[B“]=

(ii) 4 —-2% Y (clamped-free beam) ¢l 3%

0 1 0 1
1 0 1 0
[Bl 1] = . .
sin k, cos k, sinh k, cosh k,
L cos k, -sin k, cosh k, sinh k,
0 0 0 0
0 0 0 0
[B12]= . .
-sin 8 ky -cos@ ky -sinh 8 k, -coshg k,
L cosf ky -sinfB k, cosh@k, sinhf ky
[0 0 0 0
0 0 0 0
[Bll]_ . N
-sin k, -cos k, sinh k, cosh k,
| -cos k, sin k, cosh k, sinh k,
1 0 -1 0
0 1 0 -1
[Bzz]=

a'sinf ky o’ cosf k, -o*sinh 8 k, -o*coshg k,
| -d’cosp kn o'sinf ky o'cosh@ k, o'sinh gk,

a*sinf kn o’ cosp ky ~o*sinh 8 ky -’ coshg ky,
| -d'cosf ky a’sinfk, d’coshf k, o'sinhf k,
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(i) #F -2

(rotation)

—_— O, Y(Zz)

. Hidaka, K.,

. Nishimura, T.,

B (free-free beam) ¢l 2%

{ 1 0 -1 0
0 1 0 -1
[Bn]= . .
sin k, cos k, sinh k, cosh kg
| cos ky, -sin k, cosh k, sinh k,
[0 0 0 0
0 0 0 0
[sz]: . .
-sin 8 kn -cosB k, -sinh 8 k, -coshg k,
| cosf kn -sinf k, cosh@ k, sinh g k,
0 0 0 0
0 0 0 0
B..]=
(B2 -sin k, -cos k, sinh k, cosh k,
| -cos ky sin kn cosh k, sinh kp
1 0 -1 0
0 1 0 -1
[B.:]= 3 3 : 3
@sinf ky o’ cosf ky -o’sinh 8 ky - o coshg ky
| -d'cosf kn a'sinf k, do’coshf k, o'sinhgk,

y & A5 — 25 H (cranked free-free be -

am) 9] A& A R+ WA (translation) @ 3 A

Y =1, Y =0, Yy

mEoly, =,
(1) (1=y/by).

=1, Yy =
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