MHZRCF M TT5 50 39 & 5 3 Applied Mathematics and Mechanics
2018 4F 3 H 15 H Vol.39,No.3,Mar.15,2018

X E 42 :1000-0887(2018)03-0278-08 © N FHECEEFN 124025 2, ISSN 1000-0887

B T 1% 16 %6 B ik B9 B HA M E A =
HRENFFIES T

g, ®kam, fros’

(1. BB R @ TR, M8 330031
2. M B THRRZEEE TIVGA KA L ARERN 5 5 22 4 Wi TR AL, 795 330099;
3. SRR, YIPE 3R 332020)

WE. T RAEEISH Love SeRHIS  #E57 T BIAE R R BRI shifdooy e BUE T T
JEL R TG AR 7 1) B AR PR A 80 R B s . T A AR BT IR R A S R B, 4 5 T R PR R A e 4%
L TC AR [ il T R 10 20 20 2 O A 8 - B A7) 0 BT T e A 8 A AT LA R 22 bk R
SR AR FEE A R, BB S R IR BN AR GG A R v A AR A SRS @ A J8, K E i AR
ARGE T F A [ e AR )i L 5 8 A 50 i 8 2, DR T LA o R 5 4 R S 80 2
Fa v il AR R SRR RT LA S5 R P AR e T | DR 4 o 42—y JELE

* 8 iR LovestiiKHIS; fREBAEFEEL; BERW;  IRSNRRE

hESES: 0327 XHEkARERD . A DOI; 10.21656/1000-0887.380090

5 H

B BTV BRI A A 4548 T2 B TR 2 S TR R AR RE TR
A4 TR AT 1 22 [0 e 0 A e 2 A [) ) B4 BEAL A, DAL, R LA R B o — ol ]
SN2 R SE AL B8 BEAT AR L (ISR SR AR S AR AR Al S N I, P sh 74540 o A4 4% , FLlR A
FIRE te AN 23 2030 5 ISR AE S5 AR MR AR A ST, ke S e (IR A ) R S5 A I B iR
BT B R A T — AR UK. BT, % RS rh P s R B ST 2 < R E PR A
G T IRESE AP A R Sl 1 1 4 e 5 BV B 1 JHEBE B 7 194 41 2l e P P AT 5 R vk
SR SRR IR 5 1) I (A R AN SRR BEA T T WFST 5 Yan 555 S0 17K R ORGSR AL 7
FITERRAC B AL e 4R S D 2 i (4 A48 s 2B R 52567 RIFSE 1 e- T b leer VR AL 52 19 301
JoE P TR0 5 A S5 X A o o R 7 (A 91 20 7 A A R PEHEAT T F ST 5 Shah 26 BIF 5 T 4R
BOR TGO Ty R A 2 T R A e R SR 1 S0 5 2 SOk A7 o si 140 5 240 SfUTE R T e
JBEBRFEFCEH B ARSI TBAFE AT 1 20 B ALK (B 7 PR AR D R S 85 40 E A R sh R 1k 69 20

« UrFSHEHEA: 2017-04-10; 1&iTHHE: 2018-01-15
BE&WH: ERHAREEES (51269021;51569016) ; VLA FHEL T I H (20133ACB20006;20122BBG70174;
20142BAB206001 ;S2016SFYBGO137) ; VLPH A B JT B4 v M4l 7 B (KJLD12048) ; &%
FFA 555 THE
EB® M. WIFME(1978—) %, BIEUZ, 1 GEITER . E-mail; jhyhgw@ qq.com) ;
¥4 (1953—) , 5, #8514 50 (E-mail ; fmfu@ nit.edu.cn).
278



LI G *h % [ 279

BRS040 Ruzzene 5 08T T 8 sl 246 FH T JEL IR 52 AR 1 sh A8 bk s T 22 %2R
Timoshenko AR RUBIFFT 1 S i85 J& 30 1 6145 ok s R i Ak Ak 5 P96 4561 SR A Timoshenko AR 7Y
ST T IR T 300 i A0 6 T 235 ) P 08 o e R A R

X A S AR ZE A | 8 2 By R 2 R AR A TR I B R A [n) 3, SR R RR R A, T LA
T A8 WA B P - AR A BRI G AR SO T 75 1 S AR LS F Love s R3S, d 7 T RS2 4K
8 RO BRI B o AR MR T R MR IR ST AR 25 R s it R A [ i ) 3 285 I e R R
A A 3 T AR SR M TT B) A AR R AR R, AT T S A A AR L] RS AR AR X (B A e 44
WAL ARG R PR 52 ).

1 JEIDIIE R AR SE A 5

B BRI ST AT YT A R T BRAC M BE AL T, AP 1 7 | [BAE T A 4 e B B S M ASE k)
HI55, RV AT i SRR M 1 (L, ) RO M 2(L,) AR, 5194 3R 25 T — A i 0]
IT, x,0,r 3BT DT AR [ AR, b SR SRERE , R SRR O A RE RS, L
e BT BE AR BAL T S8 e M 5 b x Briz gl AT i g s s 0 ook (A 1) PR
0) 1 Fe MR AR 1 (L RS B RE T 18] R — B, B A5 T2 (R v I L% AR A Love FEMRHRIE X
T A IR BIERE A TR, 5 0 BT T 1 AAR BRI S o T R

azUil v W, 1 82U” =0

+
ox’ R ox K P o2
84Wi1 12(v U, W, ph (")ZW“

+ — — + — + — = 0
o h*\ R 0Ox R? D 9

(D)

E,h ER N
2, KD 43 50 W AN R E , K = -t 20 - ) E, T B
-V -V

v M Poisson(JHRY) Ho, p L, U, , W, T 1 B9 QLA AR [ 1S,

©) =
|

<>
| La ILQ <
B —
ith unit L;
(a) TRRKRHAE (b) % i ¥T
(a) An infinitely long cylindrical shell (b) The ith unit

1 JCRRK R R AR T A
Fig. 1 The infinitely long periodic cylindrical shell
Z B IRAESTR T FRIZ 8, T 1 155 0 JoR (SR mEECh 0) |, B = 26 F
P Hu ol e
U(x,0,t) =u(x)cos(nb)e =u(x)e™,
W(x,0,t) =w(x)cos(nB)e™ =w(x)e,
K, n B HBEE (n =0) ,0 HAME.

(2)



280 ST B R I U 04 R S P B R SE R IR Sl 1 A

B 2)MAK (D)

9" w, 12 du, w, h
1 it v + 1 _[szw” -0
ot W\ R ox R D
é\
Eh ER’ E/,
S=RK=R.—— J=RD=R L,
-v 12(1 - %) 1 -v
R
azuil v aw“ wz

) Ty =
ox R ox c

a4wil S(v duy w;, o
PR e o T wa|=0.
ox J\R d0x R ¢

XF 2% 1] [ P A B O R AR e Bl o v, L B M, 3T 0, B9RIAEC

v
NKZK(uX +w] ,
: =T

M, =-Dw,,,
Q\f __Dw S XXX
W T e i, 4
K - K K -
N :7N = — —7M
x R2 X Q}, R2 Q;,a x R ¥
L%E(x)= lu w w, _x @x Mx]T s 754 4),0 D) ] A5 I P
o0 F, O F, 0 0]
0 0O 1 0 0 0
dE 0 0 0 O 0 F
(x) _ 36 E(x).
dx F, 0 0 0 0 0
0O F, 0 F, O 0
| 0 0 0 0 Fg O]
Hr
v 1 S , 0
FIZZ_F’FM E’F%:_JiR’F‘“_—RT’
w’ v 1
2 2
F52:1_R CT_V,FM:E,F@:}.

XPFsek R L, BEASE, X (6) BfEHR
E(L,y)=AE(L,,),

Hrr A; =exp (JilﬂF(x)dx).
W E(Ly) S5 LR A A g e g =,

(3)

(4)

(5)

(6)

(7)



B 3 % o2 R 281
E(L,)=1lq,,f, 1",
q,, =[t, w, win]", (8)
i, = [Ny, Qo My, ]
Ak, =0 (7) T AEAE
(g, | (q,,, |
™ =A, Tk (9)
[FJ R, AT DAAS 2 Hf 2 2245 PRtk A 1] £ A 2R IA 2K
i | [ ]
™ =4, gl (10)
TEF M 1 AT 2 Fmab i 2
91 =90y Sy == J1a (i=1,2,---,n). (11)
K (11) BRUGEFFIE AN
[qL““] - {I 0 qu} (i=1,2,,n), (12)
S 0 -1]\f,
AP, TR 3 B R
A= (9) L (10) FI(12) 56 @ B Ae A P s R A 1) 42 (6] A OC R 0
Die | - |9r ,
i, 7=a,ly "] A STCR I, 1% 3 BT,
50 TS @+ 1 IR S R A A T
qu] - [1 0 } q”””“} (i=12,.n). (14)
Jig ] L0~ L1 fi,
PG (13) Fl(14) 5
Ceon ][9] -
_fL(Mm} = T[fLm/ (i=1,2,---,n), (15)
:warzﬁ PJITﬁ%ﬁ%ﬁﬁE%%ﬁ%@Jﬁ3wﬁﬁﬁW
HR4E Bloch FHIE ) | FE 145 F #e D BO80H I IR 6 &
Do | _ | Do .
L{L(M)”} =e ‘:fLmJ (i=1,2,---,n). (16)
i (15) . (16) ATH
e ,
(T -e 1>[fJ-o (i=1,2,,n). (17)

A7) AT AT L Z 2D R BATHIAN 0, 14 6 Br S (465 F , Bl

T - 1| = 0,

(18)



282 ST B R I U 04 R S P B R SE R IR Sl 1 A

XFEER MR o (TRFHBEEEN f= o/ (27) , AR ARER AR /),
A SR AR EL ), T X (18) M B R &, MR At G RIR JET I [ A e 14 R 45 44 [

2 K AH o br
21 EXX#ERER
R T B UEA SO I R IR M, 25 S SR R AL FE R, W 37 32, [BIAE 2R Poisson

tbv =0.3, JE42H h/R = 0.002, it 4515 SCHR [ 14 ] W i 18] 52 RS2 X FRIR B (n =
0) HRRZEO L, HAR R BN

1
Q=J2[(1 + &2+ =S - + M2 +mE (1 -€ ] (19)
h2 R y = = “ee
=@,§ =mwf,mﬁ¢mrﬂ¢/ﬂi§&(m =1,2,3,-).

2 25 1 TR RN LSS R BT rpal LU AR SO S A5 R 5 3R [ 14 ] 45 R 6 558
4, TR R B T A SO Ik B e S A U IE B 1.

K, 7

2.0
~— the current work R HGERM LA AR SR
2 1.5F o ref. [14] Table 1 ~ Geometric and material parameters
'é of the cylindrical shell
G
§ 10F parameter magnitude
>
% elastic modulus £, /MPa 3.5x10*
= 0.5
g Poisson’ s ratio » 0.25
f3=)
ok density p /(kg/m*) 2 500
| L L shell internal diameter (2R — h) /m 2.7
0.1 1 10
L/(mR) shell thickness h /m 0.3

Bl 2 i R AR LR
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Fig. 3 The bending wave responses with different elastic modulus ratios
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Fig. 4 The bending wave responses with different length ratios

3 45 1w

AR T, S T RPE B AL E AR B BE TR lad BE S LR
451t

1) X TR FARETEAFAE— i SR 2 FITA /N Tl SN, I 09 2 1 e 0ok )
SR A AR EC JE S B 58 A ok S0 3 it 2 A A (L A 3 i A oK

2) REZH—EmS, Bl s PR L (R A3, 257 A Rt (A S, A5 i S B
JEE L FR 1 i S .

3) WSRO —RE I, R LR P T S 1 58 A 5 A5 A i (L 5 88 A K0 T
PR R] DL o B 2 K RS S B A5 A rh e i A e



284

ST B R I U 04 R S P B R SE R IR Sl 1 A

£ % ik ( References) :

(1]

[2]

(3]

(6]

[7]

(8]

[11]

[12]

[13]

BAZ A. Active control of periodic structures|J]. Journal of Vibration and Acoustics, 2001,
123(4) . 472-479.

WRIEFH, VIARTS, SRAEMS. BAETS P a5 IR S AL R Rt T ). PR3 TR 4k, 1998, 11(4) .
450-456.( CHEN Zhengxiang, JIANG Songqing, ZHANG Weiheng. Dispersion characteristics of
structure vibration waves in cylindrical shells[ J]. Journal of Vibration Engineering, 1998, 11
(4) : 450-456.(in Chinese) )

Bt EE R RS AR BISE [ D], LA AR S0 TP ARJE K%, 2012. (DUAN Haiy-
ang. Analysis of dynamic characteristics of thin circular cylindrical shells[ D ]. Master Thesis.
Shenyang: Northeastern University, 2012.(in Chinese) )

RAESUK, TR/NER, SRAEAT. SRR R T I AR R A DR AR TS [ J]. diksh TSR, 1997, 10
(2): 230-235. ( XU Mubing, ZHANG Xiaoming, ZHANG Weiheng. Characteristics of wave
propagation and vibrational power flow in a fluid-filled cylindrical shell[ J]. Journal of Vibra-
tion Engineering, 1997, 10(2) . 230-235.(in Chinese) )

YAN J, LIF C, LI TY. Vibrational power flow analysis of a submerged viscoelastic cylindrical
shell with wave propagation approach[ J]. Journal of Sound and Vibration, 2007, 303(1/2) .
264-276.

YAN J, LITY, LIU J X. Input power flow in a submerged infinite cylindrical shell with doubly
periodic supports[ J]. Applied Acoustics, 2008,69(8) : 681-690.

BRST, ZE. pi- B b o 2 VR R B Se i s e i AT [J ], BB RS AA R, 2010, 32
(2): 158-162.( GONG Lianggui, LI ging. Study on dynamic buckling of cylindrical shells under
fluid-solid impact loading[ J]. Journal of Nanchang University ( Engineering & Technolo-
gy), 2010, 32(2): 158-162.(in Chinese) )

AURSC, B, BEIETE, A5 MR R IR S ARSI R [ T ] KA ( A SR
fR), 2008, 28(6) : 100-105.( SHI Huanwen, YANG Fushe, SHENG Meiping, et al. Character-
istics of vibration and sound field of axisymmetric shell with stiffening rings[ J |. Journal of
Chang’ an University ( Natural Science Edition) , 2008, 28(6) : 100-105.(in Chinese) )

WiE A G, SB1E T, M MN, 5. 88T B BER BE AR B MERE R A Se R 3l [ T ). N
FBEERTI2: 2009, 30(5) : 567-573.(SHAH A G, MAHMOOD T, NAEEM M N, et al. Vibra-
tions of FGM thin cylindrical shells with exponential volume fraction law[ J]. Applied Mathe-
matics and Mechanics, 2009, 30(5) : 567-573.(in Chinese) )

B, MR, R, AF. S B2 e D RERR RE B AL S A5 R A R AR S AT R A
[J]. BFHECE M S5, 2015, 36(7) : 710-724. (LI Wenda, DU Jingtao, YANG Tiejun, et al
Traveling wave mode characteristics of rotating functional gradient material cylindrical shell
structures with elastic boundary constraints( J|. Applied Mathematics and Mechanics, 2015,
36(7): 710-724.(in Chinese) )

RUZZENE M, BAZ A. Dynamic stability of periodic shells with moving loads[ J ]. Journal of
Sound and Vibration, 2006, 296(4/5) . 830-844.

T2, REV, ROz, B bR IE RN E 4 1 B sh R MRt s [ J]. TR,
2015, 32(2): 45-52. (DING Lan, ZHU Hongping, WU Qiaoyun. Study on wave localization in
randomly disordered periodically stiffened pipes on elastic pipes on elastic foundations| J]. En-
gineering Mechanics, 2015, 32(2) . 45-52.(in Chinese) )

TR, T2, RECE. SRR R A A R S5 48 B 25 e sh R ERAL [ T ). dR3h TSRk, 2015, 28
(2): 262-268.( YIN Tao, DING Lan, ZHU Hongping. Flexural wave localization in disordered



LT ® £ # 7 Ty 285

[14]

[15]

[16]

periodic jointed tunnel [ J]. Journal of Vibration Engineering, 2015, 28 (2) . 262-268. (in
Chiense) )

ke, BRI M]. dbat. P EZGE R, 1989 290.( CAO Zhiyuan. Vibration Theo-
ry of Plates and Shells[ M ]. Beijng: China Railway Publishing House, 1989. 290. (in Chi-
nese) )

LOVE A E H. A Treatise on the Mathematical Theory of Elasticity M ]. 4th ed. Cambridge :
Cambridge University Press, 1952.

KITTEL C. Introduction to Solid State Physics| M]. New York. Wiley, 1996.

Vibration Characteristics Analysis of Periodic Cylindrical
Shells Based on the Transfer Matrix Method
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Abstract: Based on the phononic crystal theory and the Love shell theory, the radial axisym-
metric vibration equations for cylindrical shells were established. The dynamic stiffness matrix
of each cell in the periodic cylindrical shell was obtained, and the transfer matrix between adja-
cent cells was derived with the transfer matrix method. The effects of the elastic modulus and
geometric sizes on the wave propagation characteristics were analyzed according to the numeri-
cal examples. Numerical results show that there exist band gaps and pass gaps during the
process of wave propagation in periodic cylindrical shells; the change of the length ratio has a
significant effect on the amplitude, the width and the number of the band gaps. Therefore, it is
possible to regulate the wave propagation characteristics of the structure through adjustment of
the structural dimensions, which provides a new way for the design and vibration control of the

structure.
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