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Tém tit. Bai bao trinh bay phuong phap phan tich phan tir hitu han cho bai toan 6n dinh chom cau
composite nhiéu 16p st dung ly thuyét goc xoay trung binh. Nghién ctru str dung phan ttr hiru han dang thirc
tong Lagrangian va cac phan tir ANS 9 nit. Chom cau duogc lién két ngam xung quanh va chiu tai trong
phan b déu. Trong nghién ctru, anh hudng cia chiéu day, sé 16p, cach b tri cac 16p composite dugc xét
dén khi tinh toan 6n dinh cho chom ciu. Hé phuong trinh phi tuyén 6n dinh duoc giai bing phuong phap
diéu khién chuyén vi (Riks-Wemper). Cac két qua phan tich on dinh chom cau dong chat trong nghién ciru
dugc so sanh véi két qua thuc nghiém cia céac tac gia khac dé dénh gia tinh phu hop ciia mo hinh.

Tiwr khéa: Goc xoay trung binh, phﬁn tt hiru han, chém cau composite, on dinh két cAu.

1  GIOI THIEU

Céc két cAu tam va vo composite trong thuc té thudng c6 cau tao dang mong dé dan dén hién twong mét on
dinh dan hoi. Do d6 bai todn 6n dinh cua két ciu tim vo da dugc nhidu nha khoa hoc quan tim nghién ctru.
Laschet va Jeusette [1] tién hanh phan tich mat 6n dinh cia composite nhiéu 16p sir dung phan tir vo dang
khdi véi chi cac bac tu do chuyen vi. Wagner [2] da sir dung phan tir 4 nit véi phep tich phén giam (reduced
integration) de phan tich bién dang 16n va mét 6n dinh ctia vo try composite nhiéu 16p. Ferreira va Barbosa
[3] phan tich 6n dinh v6 mong dwa trén 1y thuyét tim mong Marguerre (trong khoang phi tuyén dang von
Karman) va phan tir 9 nat ANS (Assumed Natural Straln) Rikards [4] st dung phan tir tam gi4c bién dang
cit bac nhit dung phép tich phan chon dé phan tlch on dinh va dao dong cho vo cung comp051te Vii Thi
Thuy Anh [5] su dung cac 1y thuyét giai tich vo ¢ dién va bién dang cat bac nhat dé phan tich 6n dinh phi
tuyén ciia vo cau thoai composite va FGM (Functionally Graded Materlal) Nguyén Vin Hiéu va cong
su [6] str dung phén tir tir giac tron 24 bic ty do trong phan tich 6n dinh tim v6 chiu udn bang ly thuyét
bién dang cat bac nhat phi tuyén dang von Karman. Vii Duy Thing va Hoang Nhat Birc [7] sir dung phan
ttr hitu han goc xoay trung binh dé phan tich phi tuyén hinh hoc cho bai toan 6n dinh ctia vo tru composite
nhiéu 16p.

Trong nghién ctru nay C4c tac gia stir dung cic phan tir vo tir giac 9 nat ANS, 1y thuyét goc xoay trung
binh MRT (Moderate Rotation Theory) trén hé toa d6 ty nhién ctia chom cau. Chom cau lién két ngam tai
bién chju tai trong vudng g6c phan b déu trén bé mat dugc phan tich én dinh chiu uén. Hé phuong trinh
phi tuyén ctia bai toan 6n dinh ctia chom cau dugc giai bang phuong phap 1p diéu khién chuyén vi (Riks-
Wemper). Ban dau, két qua phan tich 6n dinh ctia vo cau dong chat duoc so sanh véi ket qua nghlen clru
thue nghiém cua céc tac gia khac dé danh gia tinh hop 1y cia mé hinh. Cac phan tich tiép theo nhdm danh
gi4 cac yéu t anh huong dén qué trinh mat 6n dinh ciia chom cau duoc tién hanh véi sy thay doi chiéu day
v0, 50 16p va cach b tri cac 16p composite.

2 LY THUYET GOC XOAY TRUNG BINH VO CAU COMPOSITE

2.1 Ly thuyét géc xoay trung binh

Theo thuyét bién dang cét })élc nhit chuyén vi ngang dugc gia thiét bién déi tuyén tinh doc theo chiéu day
ctia két cdu trong khi chuyén vi ding dugc gia thiét 1a hang s6.

0 1
v, =Va+0° Vo (1)
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0
0, =0 @
voio=1,2. v, , v,1acac chuyén vi ngang va chuyén vi dung ciia mét diém bat ky cua vo nam ngoai mat

. o 0 . ..., .l 12 . oo
phang trung binh. v, , v3 1a cac chuyén vi ngang va chuyén vi ding tai mat phang trung binh. v, la cac

goc xoay quanh cac truc toa d6 0 twong tng (hinh 1), 0° 1 toa d6 theo phuong chiéu day cia vo.

Hinh 1: Hé toa do ciu.

Theo 1y thuyét goc xoay trung binh, cic thanh phéan ten xo bién dang ctia vo ¢6 thé biéu dién dudi dang
sau:

0 1 2
Eap =Eap+0°Eop+(0°)° Eup 3)
0 1
&a3 =Eu3+0° Eus 4
=0 ©)
Trong do, cac thanh phan bién dang ti€p tuyen:
0 1/ 0 0 10 o
Eap :_(¢’aﬁ+¢’ﬂaj+_(pa3 Pp3 (6)
2 2
1 1(1 1 1(,,0 L0 1/0 1 0o 1
Eaﬂ = §(¢aﬂ+ ¢ﬁa j - E(ba q)ﬂﬂ—i_ bﬁ' D ) + E((Das (0/33+ (pﬂ3 (Dasj (7)
‘ ’ &3 = 0 (8)
va cac thanh phan bién dang cat:
0 0 1 1o 1/0 1
2E‘7‘3 :¢a3+Ua+UA ¢Aa+zu3(¢13_uaj (9)
1 1 1/1 1 11 0/1
2Eu3 =034+ 0" Uija— 503,4 ., (10)

Trong cac cong thirc tir (6) dén (10), ta c6 cac thanh phan:
=Vqp—0 50
(paﬂ I8 afp 3 (1 1)
oz = V3a+ 1] 0

véin=0,1vab, latenxodd cong cia vo.
Céc thanh phan duogc gach dudi trong cac phuong trinh tir (6) dén (10) 1a cac thanh phan phi tuyén. Néu
chi xét thanh phan phi tuyén c6 chira @, tathu dugc ly thuyét phi tuyén tng suat cit bac nhat dang von
Kéarman. Néu bo qua tit ca cac thanh phin gach dudi ta s& thu duoc 1y thuyét tuyén tinh bién dang cit bac
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nhat. Khi giai bai toan bang phwong phap phan tir hitu han theo 1y thuyét Kirchhoff-Love va Bernoulli doi
hoi phai sir dung ham dang lién tuc bac C'trong khi theo 1y thuyét FOSD ta chi can ham dang lién tuc C°.
2.2 Quan h¢ ing suit bién dang

Mbi quan h¢ ing suét bién dang ddi véi vat lidu composite truc hudng cod thé biéu dién dudi dang:

0 Ull Cll C12 C16 0 0 0 gll

0 0-22 ClZ C22 CZB 0 0 0 822
02:=1C, C, Ci 0 0 112,85, (12)
Nead 0 0 0 C, C,|l|2,&,
Neas 0 0 0 C, C.l|2,&
(Al 0
0 [B

Ten xo (mg suat khi ndy c6 thé biéu dién theo dang sau:
Al [A] [A]

[A] [A] [A] O
(ol =|IA1 [A] [A] {oe} (13)
[B] [B]

0 1 2
i [B] [BI]
Vo1
n_ he
[A]l= hj[A](OS)“ °udo? (14)
m_ N
[B]= | [B](6°)"°ud6? (15)

trong do h| “va h| T1a toa d6 theo phuong chiéu day ctia bé mat dudi va bé mit trén 16p vat liu thir | cua
vo, °1 14 ten xo chuyén.
Trong phwong trinh (13), véc to bién dang c6 dang:
T 0 0 0 1 1 1 2 2 2 0 0 1 1
{8} = {Ell’ E22, 2E12, Ell’ E22’ 2 ElZ’ Ell’ E22’ 2 ElZ’ 2 E23’ 2 E13’ 2 EZS’ 2 E13 } (16)

va véc to ung suat co dang:

T 0 0 0 1 1 1 2 2 2 0 0 1 1
{G} :{Ln’ L22, 2L12, Ln' Lzzi 2 le' L11’ L22' 2L12’ 2L231 2L131 2L23’ 2L13} (17
Phuong trinh (13) biéu dién dudi dang rit gon:
{so}=[H]{se] (18)

2.3 Dang thirc tdng Lagrangian

Theo nguyén Iy cong 4o, ta c6 tong cong do ndi luc oW, béng véi tong cong do ngoai luc oW, gay ra. Theo
cac két qua nghién ctru ctia Palmerio et al. [8] va Kreja et al. [9] dua trén dang thirc tong Lagrangian, céng
40 do noi lyc gy ra cua bai toan vo co thé biéu dién nhu sau:
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25, :jOQ({gag}T {lo)+{20z) [H]{Og})"dQ (19)

voi 2™ la ten xo ting suét Piola-Kirchhoff bac 2; 2J¢,, 13 ten xo bién dang Green-Lagrange. Trong do,
cac chi sb phia trén bén trai thé hién cac trang thai khao sat: 0 1a trang thai ban dau (chwa bién dang), 1 1a
trang thai hién tai va 2 1a trang thai can tim; chi s6 0 phia dudi bén trai the hién cac dai lugng co hoc dugc
tham chiéu vé trang thai chua bién dang 0.

Cong ao cua ngoai lyc cd thé biéu dién nhu sau:

28W, = [ *fio %V + [ ?p'su *dA (20)
2 A

v6i 27 luc thé tich; 2 p': luc bé mat; ov, : chuyén Vi 40; é'uiA: chuyén vi 40 ctia bé mit vo A.

Ap dung cac phan tir ANS 9 nut duge dé xuat boi Park [10], Stanley va Park [11] voi so d6 ndi suy duogc

cho trén bang 1.

Bang 1: So dd noi suy cua phan tir ANS 9 nt.

F | Ep and Ejy 01| Eyp and Ej M; E,

o nodal point = collocation point

Phuong trinh can bang ciia vo ¢6 dang:

(el ) ap={ Ry {77 e

hay:
[1K]{q}={2R}—{1F}—J 22)
trong do:
[1Ku:|:0_[[BL]T [H][BL]OdQ (23)
[1Kg]=oj [GT'INT [ 'S ][G][N]°dQ (24)
{1F}=J[BL]T{01<7} dQ (25)

N 2
véi [ 'K, | [ 'K, |1a cac ma tran d cimg chuyén vi va hinh hoc, { R} 1a véc to ngoai luc, J 12 cac
téng cac thanh phan phi tuyén con lai.
Vi thanh phan bién dang tiép tuyén, ta c6 cac ma trén [B_ ], [G], [1SJ :
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[B.]=

0 1 0 0
R

I S 0
Rsiny 06 R
il_cot;/ 0 0
00 R

1 0
0 — — 0
R? 06"

I U O 10
RCsiny 068 R2 R/ Rsiny 067
1 0 coty 1 0 0 coty
-2 _ o — .2 L 7
R 008 R’ Rsiny 067 00" R

R 06
0 0 coty 1. 0
R? R?.siny 06°
1 0 1 0
0 0 —— -2 =% _cot
RZsiny 00 R (ael 0 7]_
21 0 _jiz 00
R 00
[G]=| O -sin 2 900
- Y
0 0 0 10
0 0 0 0 1]
B 0 0 11
Lu — L1 ——Lu
Rsiny R
1 0 1 0 1 1!
— L 5 Lo - > L1
[%J: Rsiny R°sin® y Rsiny
1! 1 ! 1?2
—Lln =Ll — Lu
R R°siny R
11 1 1 12
——Lo ————L2 — L
. R Rsiny R
V6i thanh phan bién dang cit, ta ¢6 cac ma tran [BL] : [G], [18]:
o L L 2 g
R Rsiny 06
1 0
B |]=|-= < 10
[B.] R 06"
0 0 0 00
(0 0 0 0 0]
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0 0 0 1 0
0 0 0 0 1
A S
00 R
0 il 0 0 0
00
1 62 _cosy 0 0 0
R 06 R
[G]= cosy 1 0 siny 0
R R 06° R
0 0 0 il 0
00
0 0 0 iz 0
00
0 0 0 0 il
00
0
0 0 0 0 —
L 06° | (30)
0 0 |(i13 0 _1 |(iz3 0 |1_13 1 |1_23 0 0
siny Rsiny
0 l 0 1 1
0 0 0 Lz O —— 1l O 0 Lis —— L3
siny Rsiny
Els 0 0 0 O 0 0 0 0 0
0 El?: 0 0 O 0 0 O 0 0
- I(iza 0 0 0 O 0 0 O 0 O
[18]: siny . (31)
0 —Ll,s 0 0 O 0 0 O 0 O
siny
Il_ls 0 0 0 O 0 0 O 0 O
% |1_23 0 0 0 O 0 0 O 0 0
Rsiny
0 tl?: 0 0 O 0 0 O 0 0
0 . |1_23 0 0 O 0 0 O 0 0
Rsiny

Dé phan tich bai toan 6n dinh va mét 6n dinh, hé phwong trinh phi tuyén (22) dugc giai bang phuong
phap diéu khién chuyén vi Riks-Wemper trong cac nghién ctru cua Riks [12, 13, 14] va Wemper [15].

3 MOPHONGSO

3.1 Chém ciu dong chit co6 bién lién két ngam chiu tii trong phin bé déu

Xét chom cau co bién lién két ngam chiu tai trong phan bd déu g luén vudng goc véi bé mit trén toan mit
chom cau nhu trén hinh 2. Chom cau c6 ban kinh R, chiéu day t, ban kinh day chdm cau a, m6 dun dan hoi
E, hé s poisson v =0,36. Xét chom cAu ky hiéu B96 da dugc phan tich 6n dinh trong nghién ctru thuc
nghiém cta Yamada va Uchiyama [16] v6i cac thong so hinh hoc va vat liéu cho trong bang 2. Trong nghién
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cutru ta chi xét mot nira chom cau ddi xung, voi ludi 10x12 cho phﬁn tir 9 nat.

Bang 2: Thong s hinh hoc va vat liéu ctia chom cau dong chat.

Chémcau | a(mm) | R(mm) | t(mm) A E (g/cm?)
B96 170 1853 1,98 5,05 3,1x107

‘II ) — ‘-“l‘lx |
\' ) 123456780910
vl

0
-
Hinh 2: Kich thudc va ludi phan tir ciia chom cau.
D6 manh ctia chom cu duoc tinh theo cong thirc dé xuat cia Weinitschke [17]:
1
5 a
A=|12(1-v*) |* —= (29)
Tai trong phan b t6i han dugce tinh theo cong thirc Zoelly—Leibenson nhu sau:
2E (tY
e (Y o
3(1— v ) R

Cac gia tri tai trong va chuyén vi tai dinh chom cau duge biéu dién dudi dang khong thir nguyén:
q=q/qy va A, =8, /t. Trong d6 &, 1 chuyén vi theo phuong dimg ciia dinh chom cau.

0.7 T T T T T T

——— MRT B96
— - - - Yamada

0.6

O 1 I 1 L
0 1 2 3 4 D 6 7

By =i
Hinh 3: Chuyén vi tai dinh chom ciu B96.

Két qua chuyén vi dinh cua cac chém cau trong nghién ctru (MRT B96) va két qua thuc nghiém cia
Yamada va Uchiyama dugc thé hién trén cac hinh 3. Cac két qua phan tich phan tir hiru han kha gan véi
cac két qua thuc nghiém. Su khac biét két qua gitra hai mé hinh la do cac yéu t6 nhu tinh phi tuyén ctia vat
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lidu, gia thiét diéu kién lién két bién trong mé hinh 1a lién két ngam 1y tuong, su ddng nhét vat lidu, gia tai,
céc sai sd tinh toan va do dac thuc nghiém,...
3.2
Tir cac két qua phan tich chom cau dong chat, ta nhan thay cac két qua tinh toan cta chom cau B96 kha phi
hop vai cac két qua thuc nghiém cua Yamada va Uchiyama. Ti€p theo ta sé tiép tuc khao sat cac chom cau
composite lay theo kich thudc cua chom cau dong chat B96 c6 su dieu chinh vé do day va bé tri céc 16p.
Vit lidu tryc hudng c6 Er = 36,6 GPa, E, = 8,27 GPa, G2 = 1,44 GPa, v=0,26. Cac chom cau gom mot
16p va hai 16p vat liéu duoc bd tri voi cac goc cbt soi [0], [90], [0/90], [90/0], [45/-45], [-45/45], thir ty cac
16p cbt soi theo chiéu tir trong ra ngoai. Trong d6, goc soi 1 goc tao bai cdt soi va truc 0. Tai trong phan
bd t&i han duge tinh theo cong thuc:

t 2

R

2E,
Bang 3: Thong s6 hinh hoc va vat liéu ctia chém ciu composite.

Chém cau composite co bién lién ket ngam chju tai trong phan bo déu

Qo = (31)

3(1-v*)

Chomcau | a(mm) | R (mm) | t(mm) A
B96A 170 1853 2,14 5,0
B96B 170 1853 0,84 8,0
B96C 170 1853 0,54 10,0

Hinh 4 thé hién chuyén vi dinh cia chom cau B96A c6 d6 manh A =50 voi cac cach bd tri 16p
composite khac nhau. Ta c¢6 thé thdy rang lyc mét on dlnh trong truong hop mot 16p cdt soi voi goc b tr1
0°1a lon nhat do khi nay phuong kinh tuyén ctia chom cau c6 mo dun dan hoi 16n nén d6 cing chéng udn
ctia chom cau tbt hon cac truong hop con lai. Truong hop chom cau gom hai lorp [0/90] va [90/0], ta thdy
céch bd tri [0/90] cho luc 6n dinh 16n hon vi tan dung duoc kha nang chéng udn cua 16p dudi c6 md dun
dan hoi 16n. Trong khi d6 cach bd tri 16p [90/0] d& mat 6n dinh nhit trong cac trudng hop khao sat. Cac
chom ciu [45/-45] va [-45/45] cho két qua chuyén vi dinh chém ciu tuong ty nhau.

05 T T T | I I
——B96A [0] A=5,0
~--- B96A [90] A =5,0
04l — B96A [0/90] A =5,0
B96A [90/0] A =5,0
Y R e B96A [45/-45] A =5,0
1 - --- B96A [-45/45] A = 5,0
5031 [~ 0
2| T I
S T e ¢
AN ¥ S N e S 4
L e N T -
I 02 /5 el S vl g
o1l ettt ]

Hinh 4: Chuyén vi tai dinh chém cdu B96A.
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0.35 — - T - ' ' [ ' '
~--- B96B [90] A =8,0
03l e B96B [0/90] A = 8,0 _
B96B [90/0] A = 8,0
........... B96B [45/-45] A = 8,0
0.25 Lot - --- B96B [-45/45] A = 8,0 i
25 02t i
\
[y
T oast
)
0.1r
0.05
0 1 1 1 1 1 | 1 |
0 2 4 6 8 100 12 14 16
Ag=do/t
Hinh 5: Chuyén vi tai dinh chom cau B96B.
0.35 — ; ' ' ' '
- - -~ B96C [90] A = 10,0
03l SR B96C [0/90] A = 10,0 -
B96C [90/0] A = 10,0
1 R N (S B96C [45/-45] A = 10,0
0.25 - --- B96C [-45/45] A = 10,0 I
1 hY

& EETRAN
~ 1 Y ‘
[} i i“ \ WA
Ny
Il 0.15+ ; “-‘.\ ,\',\?‘g‘ """"" - |
(k)] o \k \\
1 ’,"{ ‘\ A\ \1 ------------
i "\"\\\ S,
O 1 - N, "‘. \\ \\\\\\ -
' 15 NN N TSN e P U
B NNOLL TSeel e e |5
TN I
X e B .,-_._._,‘_:.:. , ‘;
0.05 4 e e i Rz
b
0 1 I 1 1 I I
0 5 10 15 20 25
Ag = 6o/t

Hinh 6: Chuyén vi tai dinh chom cau B96C.

Hinh 5 va 6 biéu dién két qua chuyén vi dinh cta chém cau B96B va B96C c6 do manh lan luot 1a
A=8,0 va 1=10,0. Ta c6 thé thdy rang lyc mat on dinh trong truong hop hai 16p cdt sgi voi goc bb tri
[0/90] 14 16n nhét. Pudng cong chuyén vi dinh ctia chom ciu twong dbi phirc tap, khi dat gia tri tai trong
t61 han, dinh cua chom ciu chuyén vi di 1én 1a tham chi cao hon vi tri ban dau chua chiu tai trong. Trong
khi d6 cach bb tri 16p [90/0] ¢6 luc téi han nho nhit trong tw trudng hop A =5,0. Dong thoi két qua chuyén
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vi dinh chom cau v6i cac cach bd tri 16p [45/-45] va [-45/45] 14 twong tu nhau.

Ta c6 thé thay véi chom cau mot 16p cbt soi [90] v6i d6 manh 16n 1=8,0 va 1 =10,0 thi su chénh
1éch lyc t6i han 1a khong dang ké, duong cong chuyén vi giai doan ddu mét on dinh 1a twong tu tuy nhién
giai doan sau clia mat on dinh twong ddi khac nhau. Ddi véi truong hop A =5,0 thi qua trinh mét 6n dinh
dién ra don gian hon, tai trong t&i han nho hon va chuyén vi dinh chom cau it hon trudc khi mat 6n dinh
hoan toan. Vi chom cau hai 16p ¢t soi [0/90] thi qua trinh méat 6n dinh dién ra phtrc tap hon truong hop
mot 16p [90], tai trong téi han 16n hon do vo ¢6 do cung 16n hon. V6 ¢6 d6 manh nho hon (A =5,0) thi
chuyén vi dinh chém cu lai 16n hon (4 =8,0 va 1=10,0) truc khi mit 6n dinh hoan toan. Qua trinh mat
on dinh cua vo [90/0] dién ra don gian hon so véi truong hop [0/90]. Tuy nhién khac truong hop chom cau
[0/90], v6i cac 6 manh khac nhau chuyén vi dinh chom cau khong khac biét nhiéu trude khi mat 6n dinh
hoan toan. Ta c6 thé thay khong co su khac biét gitta cac d6 thi khi bd tri cac 16p vat liéu theo goc [45/-45]
hay [-45/45]. D6i voi chom cau c6 d6 manh 16n 1=8,0 va A=10,0 thi duong cong chuyén vi c6 hinh
dang twong ty, trong khi chom ciu ¢6 d6 manh nho A=5,0 thi duong chuyén vi dinh bién ddi don gian
hon, Iwc t61 han nhé hon.

4 KETLUAN

Bai bao di nghién ctru phan tich phan tir hitu han gc xoay trung binh cho bai toan 6n dinh cta chom cau
composite nhiéu 16p su dung phan tr 9 ntit ANS. M6 hinh chom ciu dugc xay dung trén hé toa do céu
Phuong phap phan tir hitu han dugc xdy dung theo dang thire tong Lagrange. Hé phuong trinh phi tuyén
dugc giai bing phuong phap diéu khién chuyen vi (Riks-Wemper).

Céc két qua phan tich on dinh sir dung phan tir hitu han goc xoay trung binh cho két qua hinh dang d6
thi chuyén vi tai diém giira ciia chom cau dong chét kha phu hop véi két qua thuc nghiém cia Yamada va
Uchiyama.

Qua trinh mat 6n dinh ctia chom cau composite bi anh hudng dang ké boi cach sap xép thir tu cua cac
16p composite. C6 su chénh 1éch vé chuyén vi giita chém cau mét 16p [0] va [90], hai 16p [90/0] va [0/90]
do d6 clmg cac phuong bi thay d6i. Pbi véi chom cau hai 16p [-45/45] va [45/-45], d6 thi mit 6n dinh chwa
thé hién sy chénh l1éch do thi tu sap xép cac 16p.

Do méanh ctia chom ciu c6 anh hudng dén trang thai mat on dinh cta chém cau. Khi do manh tang thi
lirc t6i han ting hay giam phu thudc vao cach bé tri cac 16p composite. Tuy nhién su ting d6 manh dan dén
tang chuyén vi dinh ctia chom cau va qué trinh mat 6n dinh cta dinh chom cau dién ra phirc tap hon.
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STABILITY ANALYSIS OF LAMINATED COMPOSITE SPHERICAL SHELL CAPS
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Abstract. The paper presents the stability finite element analysis for the multilayer composite spherical
caps according to the moderate rotation theory. The study employs ANS 9-node elements and total
Lagrangian finite element form. The spherical cap is uniformly loaded and clamped around. The stability
of spherical caps is analyzed by taking into account the thickness, number of layers, and arrangement of
composite layers. The displacement control method (Riks-Wemper) is used to solve the nonlinear stability
equation. The stability analysis results of the isotropic spherical cap are compared with the experiment
results of other authors.
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