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Abstract

Combined conical shell structure with variable taper is a typical engineering connection structure,
which is widely used in rocket, submarine, satellite and other important engineering fields. Based
on the theory of first-order shear-deformed shell, a five-degree-of-freedom model of combined con-
ical shell structure with variable taper is established by employing differential quadrature method,
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the boundary conditions are simulated by using penalty function method. Then, the convergence
analysis of the proposed model is carried out for determining the optimum number of differential
quadrature nodes and the value of penalty factor. Then, the validity of the proposed model is veri-
fied by finite software. Finally, the influence of structural geometric parameters on vibration char-
acteristics of combined conical shell structure with variable taper is studied according to the estab-
lished model. The results show that the increase of semi taper angle difference can improve the
stability of combined conical shell structure with variable taper, make the resonant frequency move
to high frequency. The increase of semi taper angle and radius R: will reduce its natural frequency,
make the resonance frequency move to the lower frequency.
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Figure 1. The schematic diagram of the variable taper combination conical shell structure model
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Figure 2. The schematic diagram of the conical shell substructure
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Figure 3. The variation law of natural frequency with the number of differential quadrature nodes
B 3. EAMEMHS KRR SR ELRE
MIEL 3 UL Y, AR AL (5 HE 7 5 A G 9y ] A A0 B A 70 sRABCTY s 5 n HE B 2 B s DR A
AR AT o BT R S8 M x N =12x12 I, BRDRARE R CAFEARNE. Ty 1 ORUEBRL K AR
RSRE, AR SCHEHUHT SRS i M x N =15%15 .
3.2. REFYMHEIE
H_EPrA, A SO0 A HE 2 & [ HEFe 25 A B I WS HEAT 08, DRI E 1 BRSO 5 L
N TGS AR 5 2 5 B ST A RS R SR A R A RUVEREATIOAIE, B ESS RN 1 PR

Table 1. Comparison and verification of natural frequencies of the tapered composite conical shell structure models

1. LHEEA S RHEREMRE R E BRI L IHIE

LA BRFRY IR ALGER HIRug R
1 13.28 12.06

H i 5t 2 33.14 31.96
3 46.82 51.04

DOI: 10.12677/m0s.2025.142169 495 e RSE TR


https://doi.org/10.12677/mos.2025.142169

i3k
4 59.93 59.02
5 93.93 93.24
1 310.23 312.22
2 310.64 312.58
faisc At 3 324.59 328.65
4 343.94 345.25
5 355.90 363.13
1 312.59 313.97
2 314.63 314.68
fi5] 3¢ 721 5+ 3 327.01 330.09
4 348.41 348.01
5 359.89 365.52

WA T ATEAE AL IR 26T, ASSOREIR SRR 1A T B [l A 3 45 R 5 A BR T P H(ABAQUSS)
(ISR AP R A BT 0 — bk, B0E 1 AR m] DR A AR 4 152 4 & 51 #E e 5 A IR Bh AR 1
3.3. RESHUHR

HI B, A SC O A0S P el S AR A R A A [ S Se 45 R RO WAL E A HERA PR 3EAT T30 0E . ATTREAR R
TSR HE R A A B HE T A MR, W TORE R SGBE 2 MO HAR SRS VE R 52m, DN ARHERE 20 4 IR AR ST 45
MBS % .

B, BEFUEAR Ry O AR HE LA [ HE O 45 1 [ A R 2, ARG R NI 4 PR, B SHUILK
3, WA SLS.

sool | DN —BE W A
G
e
400 -
T
~ 300t
-
I
T 200
i
100 -
0

0.1 0.2 03 0.4 0.5
HZR, (m)

Figure 4. The variation law of natural frequency of the tapered composite conical shell structure with radius R1

4. THEEASRBEREMEBMEBEFE R OT AR

M 4 ATV, AR HE R & AR ST 45 M B TUR A IR B A2 Ry OO 30N B A2 AL
Ho GURRYL, IR R 2R HE LA G R e AR e v, IR AR 5l .

SRJE, T P A ot AR A P AL A [ HfE e St # [ AT IR (52, BLARSE SR 5 Fos. B 1 FHEE
FMLIR S ARAL, BRI SHS 1 3 T RIS RO R . 57 215 15 4 M.

e

DOI: 10.12677/m0s.2025.142169 496 A ()


https://doi.org/10.12677/mos.2025.142169

ISERIA

MBS LR Y, ARHE LA £ [ 58 S5 A I T [ 47 A0 B~ 4 5 A 3 I LT PR AR e 3. 3K
R T R HERE MG R, SR UAT AR AR T, RN . AR — B BT DI AR e B AT R, T fA
(25 A A 32 5 5 ) 3 B TR AR S O 2R, b A P 2 5 0 0 5 45 A 1 725 T ) P2 I 2 0 A ) 8 T v
Ny ARHER G IR HEST A R E ME R AR A, SR AR IR IR A (R A 42

400 . ; ;
N —piE I
Bl =R VU
| RN
300 - .
2
200 |
B
T
il
100 |

0 30/20/10  40/30/20 50/40/30 60/50/40
FHEF Aa/ajo; ()
Figure 5. The variation law of natural frequency of the tapered composite conical shell structure with the half cone angle
Els5. THEAEREREHERMEEFHEERNTNE
B, BIRUHE I 2 0 AR HE R 2H & B HE e 45 M [ A A (s, A Ss RanlA] 6 fos. KIS 4
5K 5 th TR S HO ] -

300 . T T
N iR N E iR
B =0 I
[ Edy S

[\
(=
(=]

EHME (Hz)
S
3

0
60/55/50 60/50/40 60/45/30 60/40/20
KA A FEa ooy (O
Figure 6. The variation law of natural frequency of the tapered composite conical shell structure with the half cone angle

difference

E o. THEEASRBRENEFNEMFHEEAENTHRR

M6 FTLAE Y, ARHE LA £ [ 58 45 A I T [ A7 A0 i~ 4 5 A 22 1 It B I ) A2 AL %
SRR, SEINEHERE A 2 AR AR HE A A R HE e A M AR, AR R S B0

4. g

ARIET By e B, SR RABER 1 T8 i AR HE R 2 & A e a5 M IR s e 1 2
Prsii, it — R AN BUE S HIGIE 7 AT SR st SR . ELIRAS B, X AR HEREAH A R

DOI: 10.12677/m0s.2025.142169 497 A ()


https://doi.org/10.12677/mos.2025.142169

HESCL MR ETT I T SR T, B T g
(1) P42 Ry RISEHE I i 88 0 £ B (IR AR HE FE A & R SE TS S5 M O A e 1, (AT S5 R T A A R A /)
(2) “FHEEA ZE I 2 b e ACHE L AL A R HE ST A W ARG E 1, A A R T A R R AR 3 K
E&mE
[ o E AR 2 e BB I
%30k

Vre, TR, VFilise, 5. SR G Af gl on il B g A & S B G R T[], IR3h TREEAR, 2024: 1-11.
WHRAT, Wit WA, HEARE A T W E A R T BRI BT [T]. M RE TRE KA ), 2023, 44(3): 395-

W

—
N =
—_—

401,
[3]1 FkUh, ZERE], R, 5. BbE B0 R MR B D AR ERA & 55 0 B RBh ). =3 TR, 2021, 34(3):
601-609.

[4] EARiR, 200, EiAR, % T Jacobi-Ritz LM A & 4540 B HIRSIFFE D HT[]. #R3) TR, 2018,
31(5): 827-836.

(5] AR, ZRifgi, 2Bk, &5 XUMRA G4 B BRI E AT I]. k3 TAZ A4k, 2020, 33(3): 441-449.

(6] AZeds, M. I PE3A 5N T DhRers B B HEFE IR SR VE 0 W (0], FRBI5 by, 2022, 41(18): 9-15+24.

(71 KM, A5, WS T I RERE B A ST - ARSI E P M (], R RV AR R 2244k, 2024, 45(4): 709-716.

[8] Bagheri, H., Kiani, Y. and Eslami, M.R. (2018) Free Vibration of Joined Conical-Cylindrical-Conical Shells. Acta Me-

chanica, 229, 2751-2764. https://doi.org/10.1007/s00707-018-2133-3

[91 Zarei, M., Rahimi, G.H. and Hemmatnezhad, M. (2021) On the Free Vibrations of Joined Grid-Stiffened Composite
Conical-Cylindrical Shells. Thin-Walled Structures, 161, Article ID: 107465. https://doi.org/10.1016/j.tws.2021.107465

[10] Ansari, R., Faghih Shojaei, M., Rouhi, H. and Hosseinzadeh, M. (2015) A Novel Variational Numerical Method for
Analyzing the Free Vibration of Composite Conical Shells. Applied Mathematical Modelling, 39, 2849-2860.
https://doi.org/10.1016/j.apm.2014.11.012

[11] Li, H., Zhang, W. and Zhang, Y.F. (2024) Vibration Analysis of Graphene-Reinforced Porous Aluminum-Based Varia-
ble-Walled Thickness Sandwich Joined Conical-Conical Panel with Elastic Boundary Conditions Using Differential
Quadrature Method. Thin-Walled Structures, 201, Article ID: 112016.
https://doi.org/10.1016/j.tws.2024.112016

[12] Wang, Q., Li, Z., Qin, B., Zhong, R. and Zhai, Z. (2021) Vibration Characteristics of Functionally Graded Corrugated
Plates by Using Differential Quadrature Finite Element Method. Composite Structures, 274, Article ID: 114344.
https://doi.org/10.1016/j.compstruct.2021.114344

DOI: 10.12677/m0s.2025.142169 498 e RSE TR


https://doi.org/10.12677/mos.2025.142169
https://doi.org/10.1007/s00707-018-2133-3
https://doi.org/10.1016/j.tws.2021.107465
https://doi.org/10.1016/j.apm.2014.11.012
https://doi.org/10.1016/j.tws.2024.112016
https://doi.org/10.1016/j.compstruct.2021.114344

	变锥度组合圆锥壳结构振动特性分析
	摘  要
	关键词
	Vibration Characteristic Analysis of Combined Conical Shell Structures with Variable Taper
	Abstract
	Keywords
	1. 引言
	2. 理论推导
	2.1. 变锥度组合圆锥壳结构模型介绍
	2.2. 变锥度组合圆锥壳结构模型建立
	2.3. 变锥度组合圆锥壳结构模型求解

	3. 算例分析
	3.1. 模型收敛性分析
	3.2. 模型有效性验证
	3.3. 模型参数化研究

	4. 结论
	基金项目
	参考文献

