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Variable angle placement trajectory design of non-uniform rational B-splines curve and
buckling property of cylindrical shell

CAO Zhongliang™?, LIN Guojun?, DONG Mingjun', HAN Zhenhua', CAO Qinglin’
(1. School of Mechanical Engineering, Jiangsu University of Technology, Changzhou 213000, China;
2. School of Mechatronics Engineering, Qigihar University, Qigihar 161001, China)

Abstract: Based on cubic non-uniform rational B-splines (NURBS) curve, the design and bucking property of cyl-
indrical shell produced by fiber variable angle placement were studied. Firstly, the reference trajectory of fiber vari-
able angle placement was defined by cubic NURBS curve, and the parameterized expression of fiber variable angle
placement was determine. Secondly, taking the fiber variable angle placements *<25(0.4)(0.8)75> and
+<65(0.4)(0.8)10> as examples, the fiber angle distributions of the axial and circumferential shift placements of the
cubic NURBS curve on the cylindrical shell were demonstrated. Then, the +45° placement of constant stiffness cyl-
indrical shell was replaced by the fiber variable angle placements. The linear buckling analysis of the variable stiff-
ness cylindrical shell was carried out, and the axial translation cylindrical shell, circumferential translation cyl-
indrical shell and constant stiffness cylindrical shell were compared. Finally, the influence of weight factors on the
buckling property was studied under the constraint of curvature radius. The results show that the circumferential
translation cylindrical shell has better buckling performance. Under the constraint of curvature radius, the variable
stiffness cylindrical shell with excellent buckling performance can be obtained by determining initial angle, termin-
ation angle and control point parameter, and the buckling load of the variable stiffness cylindrical shell can be in-
creased again by changing the weight factor.
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Table 1 Laminate structure of cylindrical shell

Name Layer structure

CcS [+45/0/90],

VSC [+p/0/90] 5

VSA [£0/0/90]5
Notes: CS—Constant stiffness; VSC—Variable stiffness
circumferential translation; VSA—Variable stiffness axial
translation.

F2 T300 BATHEERTARSE SHMRISH
Table2 Parameters of T300 carbon fiber reinforced epoxy
composite materials

E,/MPa E,/MPa v, G;,/MPa  G;3/MPa G,3/MPa

121 000 8 600 0.3 5100 5100 3 100
Notes: E;, E,—Elastic modulus; Gi,, G3, Gy3—Shear modulus of

elasticity; v;,—Poisson's ratio.
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= 18.75%; Ml R #far T, 1% <65(0.4)(0.6)10>4 =
1) VSC B FE7c J i R4 A fe K, A% T 10.34%.
iy 2 42 A oy 650 mm I, A7 HH 4 2 94
T, £ <25(0.7)(0.8)75>4# J2 ) VSC I8 #: 5% i 2 5
K, il A 3R K 100 074, i i PERESE T T
19.29%; ZHHEZE M FIEO T, % <65(0.4)(0.5)10>
B2 0 VSC B A SE N R SR, il far R
1694.9, JE M PEREFE T T 11.87%. 32 HH 4 48 far 1Y)
O, S S8 Bk, FAETEHh BU/ N 4
£ BB BB, AR AR AR R A e By
7 0 F T R Y X R AR A, T (B A 52 AR T 4T b
AR BT, MR ASH B, B, FYEME
A A S T R R W oy, X DA R HE AR AR A R
BER . R, 25 EEA ST, AR
SRy K, TBIRE 72 rf B R 27 4t A B Al DX 38
AR, A e b BeR B R 2 4T () BE ) HG L T
BRI RSBy /N, AR T KR LT A28 ff FE Bl Y
ER . K, St R R R ARG, 2
i B RE 52 B9 i S 80y th 0.6 TR 0.7, 320
JE 28 Air 158 72 1 4 1 25 2 8B, i 0.6 T REE] 0.5,
ABAS 2N T e B T Ar R B AR S . '] 9 byl Rk
LW 650 mm B, IR B A 52 A A 2o B Y
— B AR

VSA [B] A% 5¢ 1 I B2 7 o] 1) 28 4k, 33X {45 VSA
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(a) Analysis model of variable stiffness circumferential
translation (VSC) cylindrical shell
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(b) Analysis model of variable stiffness axial
translation (VSA) cylindrical shell

8 +<25(0.6)(0.8)75>4/Z A NI (VS) BIALTE S Hrisi s
Fig.8 Variable stiffness (VS) cylindrical shell analysis model with +<25(0.6)(0.8)75> layer

*3 ENE (CS) BIHEFRLIEE MO TER
Table 3 Linear buckling results of constant stiffness (CS)
cylindrical shel

Load type Buckling load coefficient
Axial compression load 1515
Torque load 83 892

(B A 7 78 W BE /N B — M AR 2R 8 0 55 5 1 VSC B4
SRR EE TR R AR Ak, Xl VSC I8 A 52 AR 2K e
WA 5 J8 5 1) o Bl 8, I VSC BRI AT 5% L VSA
(B A 5 S A R T KL 40 A 349 50 6 Rl R 280
5 ST, VSC RIAEFE MR T 2% for 78 [ k=
se Loy tE oL, A E R AR EE RS, A
SEREWE K Z W S M AT . 18] 9(a) AT LLE H VSC
[ A 57 ) FH T R X IRk AR A2 A T, T VSA TR

Hoe B IE & i AE B AL SS9 — . 1] 9(b) H VSC [H
A 5 ok 9 T I A (B A 5 Hh R R T AR T Y BE
B T VSA [BIRESEAR IH 4R th e (R AE 52 i —

i R 2 42 29 5K o4 700 mm B, 3 S IR 9K AL R
T, ZHIEEAT VSC [BIAE 5T B i 38m REGER T
99 790, Ji i1 Mk BB FF UK 48 B 0.2%, ALK 43l
wy=1.6 Tl wy=1.1; 2% JE 4% fif VSC 5 4% 52 it ih 119
WA REGE B T 16847, @ MM AR PO
0.86%, KA T390 w,=1.3 Fl wy=1.3, 4l F2}
Lo 58 2 650 mm S5, ALK T 1 728 1k T LA
K, S 27 VSC 84T 5¢ Fl il R 28 £ VSC (B #E:
5o 1Y T i 4T R B A B T 99 856 1 1691.6,
Pl gk e BE Al G Y 0.2% 1 0.86% 43 i B THE] T
0.28% H11.32%.,

x4 HESFETTHTNIE (VS) BHEE&EREHSTER
Table 4 Linear buckling results of variable stiffness (VS) cylindrical shell under torque load

Variable stiffness layer Curvature radius R/mm Buckling load coefficient of VSC Buckling load coefficient of VSA
<25(0.1)(0.8)75> 97 430 75501
<25(0.2)(0.8)75> 97 895 75 407
<25(0.3)(0.8)75> 98 324 75 414
<25(0.4)(0.8)75> 98 748 75 524
<25(0.4)(0.9)75> 95811 78 504
<25(0.5)(0.8)75> =700 99179 75 763
<25(0.5)(0.9)75> 96 501 78 160
<25(0.6)(0.8)75> 99 621 76 165
<25(0.6)(0.9)75> 97 188 77 939
<25(0.7)(0.9)75> 97 868 77 888
<25(0.8)(0.9)75> 98 533 78 058
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Table 5 Linear buckling results of VS cylindrical shell under axial compression load

Variable stiffness layer Curvature radius R/mm Buckling load coefficient of VSC Buckling load coefficient of VSA
<65(0.1)(0.2)10> 1558 1316.8
<65(0.1)(0.3)10> 1565.2 1343.5
<65(0.1)(0.4)10> 1571.9 1363.1
<65(0.1)(0.5)10> 1577.4 1375.9
<65(0.2)(0.3)10> 1598.9 1354.9
<65(0.2)(0.4)10> 1598.7 1367.8
<65(0.2)(0.5)10> 1596.6 1374
<65(0.2)(0.6)10> =700 1591.9 1375.4
<65(0.2)(0.9)10> 1553.4 1367.7
<65(0.3)(0.4)10> 1642.7 1378.1
<65(0.3)(0.5)10> 1631.6 1380.6
<65(0.3)(0.6)10> 1617.8 1379.1
<65(0.3)(0.7)10> 1601.8 1375.1
<65(0.4)(0.6)10> 1671.6 1390.9
<65(0.4)(0.7)10> 1647.4 1386
<65(0.4)(0.8)10> 1623 1380.1

VSC
(a) Torque load

VSC
(b) Axial compression load

&9 BHFER—FE B (R=650 mm)

Fig.9 The first order buckling mode of cylindrical shell (R=650 mm)
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