REREMEEGE

LA

ek Hanr BAZAEA A5

Vibration Analysis of the Rotating Composite
Cylindrical Shells with Orthogonal Stiffeners

Young - Shin Lee* and Young- Wann Kim™*

ABSTRACT

The analytical solutions for the free vibration of the rotating composite cylindrical shells with
axial stiffeners(stringers) and circumferential stiffeners(rings), that is orthogonal stiffeners, are
presented using the energy method. The cylindrical shells are stiffened with uniform interval and
the stiffeners have same material and geometric properties. The Hamilton principle is applied to
derive the governing equation of the rotating shell with stiffeners. The effect of the parameters
such as the stiffener's height-to-width ratio, the shell thickness-to-radius ratio and the shell
length-to-radius ratio is studied. By comparison with the previously published analytical results
for the rotating composite shell without stiffener and the orthogonally stiffened isotropic
cylindrical shells, it is shown that natural frequencies can be determined with adequate accuracy.
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Table 1. Material properties and stacking sequence
of the composite cylindrical shell (Lam(13))

Table 3. Properties of an orthogonally stiffened
isotropic cylindrical shell

Layer Orientation h(mm)  Material Properties Properties
Inner 1) h/3 E =190 GPa E(GPa) 207 L(m) 0.813
Middle 90 h/3 E, =176 GPa v 0.3 R(m) 0.203
Outer o h/3 G,=41GPa plkg/m?) 7430 A (m) 0.00204
v, =026 No. of stringer/ring  20/13 b/b(m) 0.006/0.004
p = 1643kg/m® d/d (m) 0.008/0.006
h = 2mm
W7 o 54 o 93 Bl(R/k)e W 8700)c).
Table 2¢]| 4= & ]9} Lam $(13)9] 154 oj Table 4o|4]= ESDU(2)9} o]itR o] 28 o] &

N4 0= oVpRYE,, % ¥ 25}t Lam 5(13)
2 o 7] PolBg o] aste] = A AFH O
w, o]5o)4] Sanders o) =g o]-L8 Axpure
HlaLskgleh 22 e £ )7} Lam $(13)¢] A3}
B} ofzh 242 g MoF g glon), Hulzlow
A2 A el ghe)

oiegs AS 3 e Auynst A
el g AFE FuEH(2,3)7 v asty
o} fE4e 20709 A=A, 1879 goeg v

7= ¢] ow, Table 30 73} A} 5.2} A2 BAL o}
bl olch. Aof o] o) vk WL /R): 2.52, 49

Table 2. Non—drmensmnal frequency parameter
o= w\pRYE,, for a (0°/90°/0°) rotating

composite cylindrical shell without
stiffener(h/R =0.002, L/R =1)

£ m =1 Ref(l13-Sanders theory Present-Love theory

(rev/s) n  Backward Forward Backward Forward
0.4 1 1.061862  1.060705  1.061850  1.060693
2 0.804695  0.803414  0.804691  0.803410

3 0.598913  0.597760 0598912  0.597759

4 0.450657  0.449663  0.450658  0.449664

5 0.345718  0.344864  0.345719  0.344866

6 0.271198  0.270459  0.271200  0.270461

7 0218017 0217370  0.218020  0.217373

1.0 1 1.062727  1.059836  1.062716  1.059825
2 0.805665  0.802463  0.805660  0.802457

3 0.599817  0.596934  0.599814  0.596931

4 0451509  0.449023 0451506  0.449019

5 0.346587  0.344452  0.346583  0.344448

6 0.272188  0.270340  0.272182  0.270334

7 0.219257 0217639  0.219248  0.217631
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E,=1394 GPa E,=835 GPa G,=3.1 GPa
vi;=0.268  p=1542 kg/m®

Table 50| 4= v B7} 4 875 3 Aehx] =
EHA A5l dd 243552 ey g
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Table 4. Natural frequencies of a non-rotating and

orthogonally stiffened isotropic
cylindrical shell
m=1 Natural frequencies(Hz)

n Present  Ref(2) Discp.(%) Ref(3) Discp.(%)

1 944 938 0.64 942 0.20

2 453 443 2.26 439 3.19

3 345 348 0.86 337 2.37

4 489 492 0.61 482 1.45

5 750 745 0.67 740 1.35 ]

Discp. : discrepancy
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Table 5. Comparisons of the natural frequencies
for the non-rotating composite
cylindrical shell without/with stiffeners
(R =02m,L/R =5,k =b =2mm, d/b = 6)

Natural Frequency (Hz)

m =1 Unstiffened Stringer Ring  Orthoj onal(stnnger/nng)
n Shell 10 5 10/5

1 41302 408.16() 399.99C) 396.41C)  383.49()
2 17544 179.21(+)19240(+) 19466(+)  203.31(+)
3 10172 105.25(+)24254(+) 236.25(+)  282.90(+)
4 10790 107.36() 419.31(+) 40359(+)  492.57(+)
5 15530 146.390) 660.17(+) 611.05(+)  T774.70(+)
6 22264 213.920) 956.27(+) 917.37(+)  11206(+)

Underlined values are the fundamental frequencies

(+/-) sign mean the stiffening effect for frequency
RS oy AFre das st n>104
o] Fd AFF= Ptﬂi “—7}6}~— e et
o2 gk ?‘2‘«1"&—3— ZdA el 2lgk A w Agasst
RRAS S PR ~r-°ﬂ Qg v Fth= A& o 9l
o} 2kl 7&/‘4 E37t AgE el vis) =A 243
ol AFTE S7HE Zleln], 2 vk e A Selle
AFg7E Ao Zolo. na ¥E
2 A5l Dﬂﬂ Axiz} IFAFE, F 718
F5E dehlle 1 AF
= 7 ¥ iﬂxﬂ«l —~7}~E AFFTE F7H

350 o

300

[ SO B e B e B e - - B - BB B

N
€L o250 - m=1, n=3 -~2-- Unstiffened =
>
e h=b_=b =2mm -~~~ Stiffened
© s T
3
=d=12mm e
g 200 - ds d’ 2mm Forward N
w L=1.0m, R=0.2m —— Backward
©
5 No. of Stringer/Ring=20/10
[5]
2 150 -
_@—:
100==5 - -
! | i ]
0 10 20 30 40 50

Rotating Speed (rps)
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715 o2 27k vls)] Rlmr7tde] s & Al
FTE Zevh 28y 2EFH A o3 o] whek
2] deME AF5s SN BREsr)
vielux] ko, vlatde] A5 A 2
L AES g},
Fig. 2& 3A4 o) & Auns) 9 Hliﬁ%
of W& 2R T #EE e Fa Qo) X
NE7FAS a-fAlFe v R :f.-%%_ T
2o zq, FEI 24215 50E H3Exd v
AlEH o FUHE sh, Al CHEM Zha
£ 3o} obA] S7hste AEE givteled i
ol o) Azt winrpdel ZAAEIE 134
o] & s itz
1l o] = I -—7}%}@1

o AAZ7 R} 2]
2L o]v] w7pe] o
Aol 28] AL BAZAE 07
RzAhact a$ 2 dL ¥27)
Gl el et AR o sle)

iAo A W FEste] Gla weRAEeE
Sl s, 50 o Ay ofd 34
Fe9 AESr} Aste AFsnd 24 o

ehtar 9ot

Fig. 3ellx= 273A12] o] of & vl(d/b)el] u}
2 Aunrpde) 7|EAFs W3E AA sk
A7M 2EFA 2 HRAA] F b= BF

400 T T T i T T T T T T

©

o

(=3
T

-€-- Q=101ps

3=~ Q=30rms

n

[~

S
T

R=0.2m, L=1.0mm
No. of Stringer/Ring=20/10

Fundamental Natural Frequency (Hz)
B
(=]
T

-

3

=)
T

H ! { i 1 1 I | i
4 6 8 10 12 14 16 18 20 22
Stiffener Height-to-Width (d/b)

100

Fig 3. Variation of the fundamental frequencies
(Hz) for the non-rotating and orthogonally
stiffened cylindrical shells with the
stiffener height-to-width ratio.



18 ol 4l -

RS BEBATRBEE

SohE et ol Wl(d/b = 16)0]Fo]
UAH gow A2E Aok ol WA
d/bu] olre] el 7ol o3 A B A
7 e A8 2 53] el 293
A9 ol ¥ E9| wld/b7) AR 45 Aalsheh
Fosiabe] ol o} ek

7512745% KIS RS h@'P:ﬂr'r""ﬂ “}ﬂ' Jl

ol g Ul Higle 29E F oA 29}
st A5 gl olet 2 AFL I 2 vy
< 3EEA] B dE5dY AEH vr*}?f}‘:} o
I HAHEGE] 32 F ukgdeuoe 2L vl
ol of & 4L v Avhs AL %l-r?lf/}

Fig. 5= A awu 7} Bgaigd 549 o] o uk
7 WL /RyESbe) B2 7| BAFR AEL e}
H Ao 4o F7 2 ukAe 2mm, 500mmo]
oh 27kAe] & g Fol: 2mm, 12mmE AEF
79 g2 201070 2 ¥}E o) meE BE 3
A&z i) Hxls 9 T3} wx L/RS] W3}

m_s}m 22

1200 ! T T T p

h=b_=b=2mm = Forward wave f

1000 - s ¥ /o

d_=d =12mm ——— Backward wave
s I

L=1.0m, R=02m
800 - No. of Stringer/Ring=20/10

o~

600 =L Q=0rps
-=3-- Q=20rps
=Be- Q=50rps

Natural Frequency (Hz)

200 ~

i
2
Circumferential Wave Number (n)

Fig. 4. Variation of the natural frequencies for the
rotating and orthogonally stiffened
composite cylindrical shell with the
circumferential wave number n.

1200 T T T 7 T i T T

h=b s=br=2mm

1000 |- | Cg7de12mm
R=0.2m

No. of Stringer/Ring=20/10

N
T
&
8
S 800 - -
o
&
w
R S Forward
5 600 -~ -
] —— Backward
Z
kol
2 G- Qe
5 00 - a=10ms -
s 8-~ Q=301ps
k-]
c
T
200

6 2 4 6 8 10 12 14 16 18 20
Shell Length-to-Radius Ratio (L/R)

Fig. 5. Variation of the natural frequencies for the
rotating and orthogonally stiffened
composite cylindrical shell with the L/R
ratio.

o] wlel FA3] %
o2 HIg )

1557} 2 F A9 AR
o]s} o] L/RS| WA

500 T ; T T T T T

CQ h=bs=br=2mm
400, ds=dy=12mm _
UR=3

No. of Stringer/Ring=20/10

300 - -

€ Q=10mps eeee- Forward
-3~ =50 rps

~—— Backward

Fundamental Natural Frequency (Hz)
g
T

-

1=

=1
i

100 150 200 250 300 350 400 450 500
Shell Radius-to-Thickness Ratio (R/h)

Fig. 6. Variation of the natural frequencies for the
rotating and orthogonally stiffened
composite cylindrical shell with the R/k
ratio.



F104% |18 19973

Ak AaRy EgAedsds) AEHy 19

F57F F49] Washe A
°§ o] 4o BAL *}a}ﬂ
i el AoE Ao ZHolst &
%“ﬂ%‘ 4:3__1-’] 7‘]0 s %_T'Bc}'s‘ok-‘} %EJ}Z
ol A eR 24-g sn, 4o AHolr} 21
Z L/Re| A3l 49 AFuoe UAS 9
3 AF7E AuE L) dEd vehe dade]
o} &9 A G 0] o] 2 L/RAH Brhe
Z L/RAA 2A 283t ST o A5
F7k8] #ol7} &A etz gl

29 A9 wa o) T4 u|R/k)Y W3] o2
71 BA T4 5E Fig. 6] AA st 9714 2
73AE Fig. 594 o]-48 As} e 2AL 71|
o, 4¢] Zo] o wA4n] (L/R)= 3& 57_;:475}331;},
2% BE 3% ’“E°ﬂ el dxs g FE5 2
ZoAe] BRI ESE R/ko] ojel F43F 24
£ 3, BAS ] dgE AL R/ACA Bl
E R/mAA ZA 243, JHE 20 F 5
AR e} F e Al F7re] Apo)7} ZA A= 2
et

4. 2 &

Loves] do]23} o] g3to]
& st AERRRYALUEL) oD AE

He siglon, 1&) BED FAA wwE

a2 ael B AEssch BEe 24
B4 e 2L ARE d3doh

]A}g_ﬂo] 28

M ofm b ok

D Aurze dezn F4F7HE 9 v
A4y A5eE A T s

2) A o3 L= Az H FEAAF
ol glol FEFe AF57E Al AFsR
o} & =2 A Yepsto

3) B L] wo] o Fo] w7t AR F A

48] $7F sk °1L ool = AF-

= 7%«1 AT goz AL ¥

4) HAE=7 AL $F E——C— AT o]
?ﬂi}ﬁr AR A= Al

5) A& AFAPRR AN HASE o o]
2 s O St 2o,

6) o] o] o HWB] ﬂ«l ‘:’}75‘ o FAm7}

] F}wl ol o4}

3] B] q]k]‘:.:: 7']‘(1} 71=1"\9: Zﬂ%‘T‘i le L E q}t}’

A

> 7

2 A7E FFHEAEAD A4TRA 01
E-0207)24 +a% 520, S} o2 2
e =g,

B} 3w 2 ¥

1. D.M. Egle and J.L. Sewall, "An Analysis
of the Free Vibration of Orthogonally Stiffened
Cylindrical Shells with Stiffeners Treated as
Discrete Elements", AIAA Journal, Vol. 3,
1968, pp.518-526.

2. ESDU, "Free Vibrations of Thin Walled
Orthogonally Stiffened Circular Cylindrical
Shells:, 1982, ITEM No.80040.

3. B.AJ. Mustafa and R. Ali, "An Energy
Method for Free Vibration Analysis of Stif-
fened Circular Cylindrical Shells", Computers
and Structures, Vol. 32, No. 2, 1989, pp.355-
363.

4. J.N. Reddy and J.H. Starnes, Jr, "General
Buckling of Stiffened Circular Cylindrical
Shells According to a Layerwise Theory", Com-
puters & Structures, Vol. 49, No. 4, 1993, pp.
605-616.

5. A. Schokker, A. Kasagi and S. Stridharan,
"Dynamic Interactive Buckling of Ring-Stif-
fened Composite Shells", AIAA J., Vol. 33, No.
10, 1995, pp.1956-1962.

6. S. Goswani and M. Muhopadhyay, "
Geometrically Non-Linear Transient Dynamic
Response of Laminated Composite Stiffened
Shells", J. of Reinforced Plastics and Com-
posites, Vol. 14, 1995, pp.618-640.

T ol9A, R, Relugo s ugE By
A AEAY AGAE, da)Asts =2, 4
20(A)H, A 7&, 1996, pp.2223-2233.

8. o]dAl, A3k, "B edEFAY 2 {HAF

2 FF3Fe] g AR RAEAAT, daa
%751 288 =54, 64, A4, 1996, pp.279-
289.

9. H. J. Macke, "Traveling-Wave Vibration

of Gas Turbine Engine Shells," Trans. of



20 o]eg4l -

kKl

| RESEHEEEE

ASME, J. of Engineering for Power, Vol. 88,
No. 2, 1966, pp.179-187.

10. H S. Kim and Y. H. Lee, "Vibration
Analysis of Rotating Thin Shells of Revolution
by Finite Element Methods," Trans. of the
KSME, Vol. 9, No. 4, 1985, pp.487-496.

11. 8. C. Huang and W. Soedel, "On the
Forced Vibration of Simply Supported Ro-
tating Cylindrical Shells," J. Acoust. Scc. Am.,
Vol. 84, No. 1, 1988, pp.275-285.

12. H. Igawa, T. Saito, and M. Endo, "Free

Vibration of Rotating Anisotropic Shells of Re-
volution,” JSME Trans., Series C. Vol. 59, No.
566, 1993, pp.3052-3057.

13. K. Y. Lam and C. T. Loy, "Analysis of
Rotating Laminated Cylindrical Shells by Dif-
ferent Thin Shell Theories", Journal of Sound
and Vibration, Vol. 186, No. 1, 1995, pp.23-35.

14. o]dAl, Zd gk, "HAs= FH5-EPAR E
FA4F 9549 AEHA", fr)A T =8,
A 20(A)¥4, A3, 1996, pp.968-977.

A A AAAA A A7 A4 A7 A7A AVA 4

»



108 F1Y, 19973 A AR} EgAadede A504 21

é]'(14)°ﬂxi9‘] ﬂ]“gﬁszsR{’(l =x,¢,z,j :C;S,r)% D}"%‘?’}‘ %D}'
Al(14a)e)) 4]
N L 2n 1 N
Lx=jg fD {Nz,x+RN¢,¢+—§—u,w]R d¢dx
L§=~2Exg_‘-j (> zw,m)dAsdx-—— ” (4 oW gg) dAs it
k=1
Lx’:—iv_iij | oos=2w, o) dA-d
R k=10 "Ar ' e
L 2m
Rx=—-p:jojo i Rdxdg
R:f:-Zpsrj (u—-zw,x)dA;dx
k=1 0 "Ag

R;f:—iprfznj @ ~2,:)R dA;d 9
k=1 0 "A,

2] (14b)ei] A

L= Ly +im Ly v Ne 4o
¢ .fj Nepst pNoot o cpx o7 ¢,¢+—R—(V,¢¢+ W,s~V) | R dpdx

L= mkz‘;J’OJ [v,w-%;v,m+2w,¢~v—i—w,@)dAsdx

Ly=-—

Ny &
R ;J J; [ -———w,w+2w,¢,——v—§—w,¢]dA,d¢

r 2n V’M w’¢ 2
_EE,VJ '[1; T-I*T-FW,M dArd¢

- 0 A
r 2z

R;:»k}:p, ) [v LomVEP = Qw ¢JR dA-d¢
=1 r

Al(14c)9) 4]



- o]od 4] - Z1od st BERSHEBEE

1 ¢,¢+ (w,w 2V, 4= w)le d gdx

L 2r 2
L:: Mx,xx+ M x + M
jo‘[o R TexeT gamew g

GSJS

=_215njj 2(t zw,m)dA:dx-Fz W, peop X

No if'f zu ZW, etV z w
- sxe9™ ree T T Voppe™ Y o000
R% "0 "4, R R?

z z2
~2v, 4w +w,¢¢+7€v,¢+ I ,w)dAsdx

L= ifi’;j j {v +w- ’w“%(v’m+w’w_%w’w)}d‘4’d¢

r
+Z Gr]r J' W,nwd¢— R:@ ;)’ j [ ’x”_22w’3¢+%v,m—§;w,w

z z2

—2v,¢——w+w,¢¢+—Ev,¢+—R—2W,¢¢ dArd¢
L 2

Ri=—pi jo jo (W =2 ~Pw)Rdx d ¢

5 L
R==3ps [ [ |5 -bnngr 20 v
z 3 - . [PV v, 1’z
= 074 TR R ’

2z . z? z
+7.(2W,¢——.(22W +me,w+‘ﬁm’¢)d‘hdx

:-—Zp,j j [w zzw,nq R Wias™ R ,°+Zi‘-yx

+—!2w,¢, Pw +Z2 sz’”JrR [?v,¢]d4rd¢



