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This paper presents the application of the finite difference method to
study the stress-deformed state of the circular plate according to the
non-classical theory. The stress-deformed state calculation model for
a circular plate was built based on the basis of a 3-dimensional
coordinate system, which is a system of second-order differential
equations with variable coefficients. To solve this problem, it is
possible to use approximation methods, and numerical methods such
as the finite element method, and finite difference. In this paper, the
author presents the application of the finite difference method to solve
the problem of the circular plate subjected to local loads. Based on the
calculation results, a comparison of the results obtained by classical
and non-classical theory has been made.
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Bai bao trinh bay tng dung phuong phap sai phan hiru han dé nghién
ctu trang théi tmg sut bién dang cua tam tron theo Iy thuyet phi ¢
dién. Md hinh tinh toén trang thai ung suat bién dang déi véi tam
tron dugc Xay dung trén co s¢ hé toa d6 3 chiéu, 1a hé phuong trinh
vi phan bac 2 véi cac hé s6 thay db6i. Dé giai bai toan nay, co thé st
dung cac phuong phap tinh gan dung, phuong phap s6 nhu phuong
phap phan tir hitu han, sai phan hiru han. Trong bai béo nay, tac gia
trinh bay ung dung phwong phéap sai phan hiru han dé giai bai toan
tam tron chiu tai trong cuc bo. Dua trén két qua tinh toan da dua ra so
sénh két qua thu dugc bang ly thuyét ¢ dién va phi ¢ dién.
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1. Giéi thiéu

Ngay nay nhiéu chi tiét két ciu trong linh vyc hang khéng va tén lira - vil try, trong d6 tai cac
vi tri khép ndi, lién két duoc ché tao dudi dang vo, tim va dam véi cac dic trung d6 ctng, chiéu
day thay ddi. Do d6, nhiém vy tang d6 tin ciy cho cac phuong phép tinh toan tim bang cach tinh
dén trang thai tng suat bién dang (TTUSBD) trong céc viing bién cuaa no, tic 1a vi tri ngam chat,
tai cuc bo, v.v., noi dién ra TTUSBD kiéu "15p bién". Trong tai li¢u [1] trinh bay cdc phuong
phap tinh toan cac két cau thanh mong cua co hoc ket cau theo ly thuyet co dién. Véi su phat
trién vuot bac cua cong nghé thdng tin va cac phan mém md phong sé, tich hop cac phuong phap
tinh (FEM, FDM, FVM) cho két qua dat duoc 14 téi wu. Bén canh do ciing co nhleu phuong phap
phi c6 dién dugc sir dung dé nghién ciru ¢ bén cua tam, vo va céc loai két cdu theo cac hudng
khac nhau [2]-[4], dédc biét tai cac vi tri ngam chat, luc tap trung, tai trong cuc bo.

Trang thai ung suat bién cua tam chir nhat c6 do day thay d6i dudi tac dung cua tai trong phan
b6 déu va tai trong cuc bo duoc gisi thiéu trong [5], [6]. Phuong trinh trang thai cua tam duoc
xay dung trén co so ly thuyét dan hoi 3 chiéu. Cac chuyén vi theo huéng vudng goc voi mat
phang trung binh cua tim dugc biéu dién dudi dang da thirc, cao hon 2 bac so véi ly thuyét cd
dién cua Kirchhoff-Love. Hé phuong trinh cin bang va cac diéu kién bién thu dugc bang cach sir
dung phuong phap blen phan Lagrange. Theo huéng nghién ciru ndy, trang thai tng suét bién
dang cua vo non, vo cau duoc trinh bay trong tai liéu [7], [8]. Dé giai hé phuong trinh vi phan
bac cao vai hé s6 thay doi c6 thé sir dung phuong phép sai phan hitu han [9], [10].

Bai béo nay trinh bay cac két qua nghién ciu trang thai Gng suat bién dang tim tron theo Iy
thuyét phi c6 dién bang phuong phap sai phan httu han. Phuong phap nay cho phép chiing ta
khong chi giai cac bai toan vé tAm mong, ma con ca cac tim co do day trung binh. Trén co s do,
dua ra so sanh cac két qua tinh toan trang thai ang suét - bién dang cua tim tron theo cac ly
thuyét c6 dién va phi cé dién.

2. Hé phuong trinh cin biang caa tim tron theo ly thuyét phi co dién
Nghién ctru tAm tron c6 do day thay ddi ddi xung véi mat phang trung tuyén, chiu tai trong
q(r.¢), trong h¢ toa do tru khong thir nguyén (r,¢,z) (Hinh 1). Goi a va b 1a ban kinh bén ngoai
va bén trong cuia tam, d day thay ddi 1a 2h(r). Cac canh bén ngoai va bén trong cua tim véi dicu
kién bién c6 thé tu do, tya hoac dugc ngam chit.
q(r, @) qr. @)
Ty 1

2Hom l >hs e e —;"ﬂ/’—l"'
- e, .

a

Hinh 1. Tdm tron c¢é dg day thay doi

Theo tai liéu [2], sir dung xap xi sau dbi véi truedng chuyén vi cua tam:
2 3

U,(r.e,z)=u,(r.@)+u,(r.¢)z+u, (r,go)%-i-uS(r,(g)%,
U,(r,p.2) =Vo(r,(p)+vl(r,(p)z+v2(r,¢)%+v3(r,gp)%, 1)

2

Uy (1,0:2) = Wo (1,0) + W, (1) 2+ W, (1) 2.

Phuong trinh hinh hoc theo ly thuyét dan hoi 3 chiéu c6 dang:
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r _ oy, . _1 8U2+U1), 52:8U3,
oy o 0z )
o U, 1au ouU, ou, 10U, , oy, 2)
Ve =r— ) = + v Vor = '
£or or oz " r 8¢> 0z

Ung suit cua tim dugc tlnh theo cac biéu thuc:
o, =(2G, + )¢, + g, + Ag,, 0, = e +(2G, + A)¢, + g,
o, =& + e, +(2G,+ A)¢,, 7., =Gty Ty =GV T =Go¥ i
Trong d6, cac hé s6 G,, A4 1a cac hang s6 dan hoi vat ligu cta tim.

Thay céc biéu thirc (1), (2), (3) vao phuong trinh vi phan can bang cua tim theo phuong phap bién
phén Lagranger [6], thu dugc hé phuong trinh can bang ctaa tam tron theo ly thuyét phi co dién:

@)

2 2 2 2
(KUOO KuOl a KuOll a Ku022 a 5 )uo + K]YOZ G_ZVO + K]\_IOJ'Z a V +
or or? 8(0 op orop °
2 2
+(Kll.120 + KluZl a + Ku211 a > + Ku222 : )u + KV22 a V + KVZlZ V2 +
or or op op* oroe

0
w10, wll ql3p0 ql3m0 _
+K1 W1+K1 §W1+K1 'q13p+K1 'qlsm—ov

2

2
(Kulo Kull a Kulll a Ku122 6 )u + K;/lZ a_v + K;/llZ a V1+

or or? o¢* op* orog
2 2 2
+(K;30 + K;Sl a + Ku311 a > KU322 a_z)u + KV32 a > V + KV312 a V3 +
or or op op oroep
w ' a wi a
+K)%w, + K Zlawz +K; °1§W =0,
2 2 2 2
(KUOO KUOl a + KuOll a - KU022 a 2)U0 KVOZ a - V + Kv012 a VO +
or ar o op orog "
2 2
+(Ku20 + Ku21 a + Ku211 a Ku222 a_)u2 + KV22 a_v + KV212 a V2 +
or or? 0p* Bl orog
+Ky%w, + KSWMQW1 =0,
2 2 2 2
(Kulo Kull a Kulll a Ku122 a 2)u1 KXlZ 8 V + Kv112 a V +
or or? op 09 orog
2 2 2 2
+(K:30 + K:Sl a + Ku311 a - + K:SZZ a - )u3 + Kv32 a V + Kv312 a V3 +
or or op 0p* orop
w. w. 0 wi 0
+K;?w, + K} 215W2+K4015W =0,
2 2 2
(KSUOZ ai+ Ké1012 886 )uo + Kv011 6_2\/0 + Kv022 6 - Vo +
2 rop
2 2 2
+(K? 9. Ky o ), + Ks“lla—zv2 + Ky 8_2\/2 + KM iW1 =0,
op oroe or op op
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2
(Ké112i+Ké1112 a )ul KVlOV +KV111 a V +KV122 a V +KW02 a W0+

op orog or? Ll op
2 2 2
+(K® 9. K32 U, + Ky, + Kg?'“a—zv3 + K 6_2\/3 +K# iW2 =0,
op orop or op op
(KUOZi_‘r KuOlZ 2 )u + KvOlla_zv + Kv022 82 V. +
" op " orop’° or? op? °
2 2
+(KS# 9., Ko#2 o ), + KY?v, + K7V2“a—2v2 +Ky#2 8_2\/2 + K™ iW1 =0,
op oro or o op
(KUlZ a + Ku112 82 )u + KVlOV + Kvlll a_zv + KV122 a_zv + KWOZ a W,
® oo orop’ GV 0
2 2 2
+(KU32 a KLI312 a )u + K\/SOV + K\/3ll a_v + K\/322 6_V + KW22 iw 0
op orop or? 0 0
woi O wozz 0" wai O wozz O
(}<9 011 6 2 + K 022 6¢2 )WO + (Kg 211 a 2 + K 222 a¢2 )W2 +

0 0 0 0
11 12 31 32 q33p0 ¢33m0 _
+Kg ™ —u, + Ky —v, + K §u3'+K9v %v3+K9 “Oazp + K “Oag =0,

(KW10+Kw111 82 Kw122 62 )W +(KW211 62 KW222 62 )W +KUOOU +Kq33p0
10 10 ar 8(0 or 2 8(0 10 q33p

0 vz O 0 vz O m
GG o o K 5 Vo + Kig, + Kig® 2oy + KT 2 + K™ gy =0,

(Kﬂoll 86 S KWOZZ aaq) )W + (K]\-I;I-ZO KWle aar KW222 aaq) )W + Kff.ou + Klql33p0 . q33p

0 vz O 0 vz O m
+K1ulll 5 U, + K1112 %Vl + K1ul?’ou3 + Klul31 5“3 + Kll32 %\% + Klql33 ° Oz = 0.

O day cac hé sé K véi ky hiéu trén va dudi 1a cac tham sé thay doi, phu thudce vao do day tam
va céc hang sb dan hdi vat liéu coa tim. Day 1a hé phuong trinh vi phan bac 2, khong thuan nhat
Vi cac hé sb thay ddi. Do d6 co6 thé sir dung phuong phap bién doi luong giac dé chuyén vé hé
phuong trinh vi phan thuan nhat.

3. Hé phwong trinh vi phan thuan nhat cho bai toan bién

Khao st tim tron ddng hudng, do day h(r), trong d6 —h<z<h, toa d6 z = 0 twong &ng Vi
mat phang trung binh cua tim. Gia sir tim tron trén hinh 1 ¢6 bién ngam chit tai cac canh
r=a, r=b, khi do tai trong va chuyén vi cia tam duoc biéu dién dudi dang chuéi wgng giac.

0

ZQ r)sin(me), u;(r,@)=> U, (r)sin(me),

m=1

®)

Zv,m cos(me), ZW,m sin(mg),i=0,3, j=0,2.

Thay (5) vao hé phuong trinh can bang (4), thu dwoc hé phuong trinh vi phan thuan nhat ddi
Vi cac ham chuyénvi U, , V. ij, =0,3, j =0,2, m=12,3,... c6 dang nhu sau:

im ! im ?
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2
(Kluoo + KluOl%_,r_ KFOll%_ KlLIOZZ . mzjuom ( ) [

KUZU KuZl d

Kule : - KJl-JZZZ A mZJuzm (r)_

—m(K;® + K} i)VOm (r)-m(K;? + K*? %)V2m (r)+ (K™ + K™ —)W1m (r)=0,

d

KulO + Kull d
dr

dr?

K ulll

Ku122 julm( ) (Ku30+Ku3ld

Ku311: . Ku322 )Um(r)_

(K K DV (1) - (K + K %)vam () + (K + KE2 W, (1) + K3 L (1) =0,

2
(K;OO + K;Ol %+ K3L1011 jr

KLIOZZ r)+ KLI20+Ku21
Om( ) 3 3 dl’

d?

d2 Kuzzz j 2m(r)_
d

+ K u211

-m(Ky% + K3V°12 L} vOm (r)-m(K;? + K22 %)v2m (r)+ (K" + Ky™ —)W,, (r)=0,

d Kulll d

(K:w + K:lll dr d

- Ku122 ]Ulm (r)+(K:30 + K;Sl d

dr

Ku3ll : . Ku322 )Um (I’)—

—m(K®2 + K2 %)v1m (r)-m(K}® + K %)vgm ()+S2- (KM + K2 E)W” (r)+K %WOm (r)=0,

m(Kéloz + K;UlZ i

v @7
+(K5011 dr

+(Kv3ll d2
dr?

m [ K;JOZ + K7L1012 i

v011 dz 2
+(K7 F—m

d
u32 u312
K™ +Kg

m(Kg12 + K %)Um (r)+ m( ;

v v d2
K7022)\/0m (r)+ (K7211 dr

d
u22 u212
K™ + K¢

r)UOm (r)+m( s

2
KVOZZ)VO ( )+(Kg/211 ddr

dr

d
u22 u212
K;“+K;

r)UOm (r)+m[ y

M2KY%22 4 KYPW,, (1) +m- KM, (r)=

Ejuzm(m

M’Ky )W, (r)+m- KA, (r)=0,

V. dz V. V.
K 111 d — _m2K6122 + KelO)Vlm (r)+

MK KN, (1) KW, (1) K (1)<,

aJuzm(m

m(Kg112 + KM %]Ulm (r)+ m(Kg32 + K %)Uam (r)+m- KW, (r)

u d vz d
Kll U () K931_r

2
+(Ki;/lll(;j7
dr
w011 dz 21 W022
+(K, ar? —mKy )W,

d

(K1uo01 E + Kluooo )U om (r) + (Kluo21

—m- KV (1)+ (K™ <

d

_mZ K;I122 + Kg/lO)Vlm (r)+ (KV31

( )+(KW211

—+
dr

, d?
d 1.2
USm (r)—m~Kg12\/1m (r)_m’ K:)BZVSm (r)+

2
d -m lezz

d2
d 2
Kluozo)uzm (r)_ m- K1VOOZVOm (I’)—

—m*K;2 + K2V, (1) +m- KW, (r) =0,

-m’Kg#)W,, (r)+KJ**Q33, (r)=0,

+ K )W, (r)=0,

u u u d u V. \2
(Knu_"' K1110)U1m (r)+ (Kll3ld_+ K1130)U3m (r)_ m- Knlzvlm (r)_ m- K1132V3m (r)+

dr

+(KW011 dz
dr?

-m K]\.IIOZZ)WO ( )+(KW211 dr

—m?K/ + KW, ( )+ K3*¥Q33, (r) =0.
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Dé giai hé phuong trinh (6), ta su dung phuong phap sai phan hitu han dé chuyén vé hé
phwong trinh dai s6. Cac xap xi bac 1 va bac 2 dwoc tinh gan ding bang cong thuc:
Y _ Yia—VYia +0(s2): 8_32’ _ Yi+1_232/i +Yia +0(s?)
o X 2s ox” s
Sau khi bién d6i thu dugc hé phuong trinh dai so6 sau:
Kfoll K;Ol . K1\1012 i1 KiNll - K]‘_N21 - K]'_Jle K]|:121 - K]\-IZIZ -
_ v = — W. - \Y
( s 25’ ° 25 ° 28 ' 25 ? + s 252 " 2t
2Ku011 2Ku211
o —

v212
i+l K i+l
i+l ™ V|2+ :0,

) ) . KLIOll KuOl

+(Ki100_ _KluOZZ)u(lJ_Kl\/OZV(lJ+Kl\lleW:|L+(Kf20_ _Ku222)u2+( )u|+1

012 11 211 21

K]\_l i+1 ]‘_N |+l Ku Ku
Vo T +( 2

2s 2s s 2s 2s

wo1l ulll ull v112 w2l v112 w2l
K i-1 K _ Kz i-1 Kz i-1_ Kz i-1_ Kz i+1 Kz i+1

—2 iy (22 V. W, " +
2s 0 ( s 2s ! 2s 2s 2 2s ° 2s
2Kulll 2K;3ll

SZ

KLI311 KuSl
+H—4— )U +(Ky" -

Ku122)ul Kv12V| + KWZOW +(Ku30
s?

K+

w0l ulll ull
Kz |+l K K

u3ll u3l v312
+( )UI+1+(K Kz i+1 Kz i+1
s?

25 1 Te s
u011 u0l v012 wll u2l1 u2l wll u2l11 u2l
Ki  Kg e Ko ia K K K i Kg W Ks K, u

S + vy TrE— =t + +
(s2 25 7° 2s ° 25 ¢ (s2 25)2 2s (s 2s 1 ?

KV212 - KWZl - 2Ku01l
+ ; vyt 23 W, (K™ =2
S S S

ZK;ZH u222 i V22, i K;Oll KUOl i+l K;OlZ i+l K:\;1212 i+1
_Ks )uz_Ka V2+( §2 25 )U 25 Voo — 25 v, =0, (7)
KWOl - Kulll Kull - KVllZ - KWZl - KvllZ KWZl
— Wy (S Ay g - vt w4
2s S 2s 2s 2s 2s
Ku311 Ku31 KV312 2KU111
+(—— it 4
52 2s 7 s?
2K;J311
2

v32,,i
+KY2yE 4 =0,

—K{%)ug — K%V + Kow) +

+H(KL? -

v312
K4 i+l

| 1+(Ku10 V3 +

ul22y, i v12, i W20, i
— K, — KV + K w, —

Kulll Kull Ku3ll Ku3l

23

Ku012 .y KvOll g Ku212 - Kv211 g Ku012 ) KvOll
_ ; u(l) 1 52 V(I) 1_ ; u|2 1+ 52 V|2 1++ ; ugrl_'_ 52 |+l Ku02 | _
S S S S S S

KVOll 2KV211 u212 v211

: ) . K i
—( + Ky + Ke™wy + Kg?u), — (42— + Ky, + ; U™+ —2—vy" =0,
S S

w01l
K4

+(K:30 _ _ KXSZZ)U; + KXSZV; + W|+1 +( )u|+l +( )u|+1

Ku112 - Kvlll - Ku312 - Kv3ll g ) . 2Kvlll .
—— Ut v - v KW KU - (e KPP - Ky +
25 S 2s S s
) . 2KV311 . Ku112 . Kvlll . Ku312 KV311 )
+K2W, + KUy — (5 — + K2 — K ®)v; + ; U+ =t ; ut +—2—v;" =0,
s? S S S S
012 011 212 211 012 011
Ku i-1 Kv i-1 Ku i-1 Kv i-1 ;J ui+1 ;/ |+1 KuOZ |
0 2 0 2 2 , T o t—%— -
2s S 2s S 2s
2KV211

v222 v20 K;le |+1 K;/le i+l
+ K2 — Ky, + 5 u, —V, =0,
S S

2KV011
7 v022 i w12, i u22
—+ K7V + K wy + K% u, — (

=
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v311 ull2
2K K.

Ku112 - Kvlll g Ku312 g Kv311 - .
_ 8 u|1+ 8 Vll_ 8 u|1+ 8 Vll_( +K§;’322—KE\3’30)V;+

2s ' s ! 2s ° ¢ ° s?
2KV111
8

SZ

U+ K %wg +

v111 u312 v311
+ Kv122 _ Kle)Vi + KW22Wi + Ku32ui + Kg Vi+1+ Kg ui+1 + Kg
8 8 1 8 2 8 3 1 3

2 2

S 2s S

KWOll - Kull .y KWle - Ku31 - KWOll . Kull . 2KW011 .
92 W(I) 1 _ 29 ull 1+ 92 Wl2 1 _ 29 u|3 l+ 92 WE)+1+ 29 ui+l_( 92 + ngOZZ)W:)_
S S S S S S S

w211 w211 u3l
2K

w222 i v32,,i 9 i+1 9 i+1 q33, _
+ Ky )w, — Ky V3+—52 W, +—2S u,” + Kg>Q,, =0,

ul2 i i+1
+ Kg Uy — ( v, =0,

Ky

SZ

KUOl . KWlll ) Ku21 . KUOO ) . 2KW111
10 i-1 10 i-1 10 i-1 10 i v02,,i 10
- Uy + W — U, + 25 Uy, — KlO 0 _( 82

+ KWlZZ _ KWlO)Wi +
2s s? 2s 10 oA

u0l willl u2l

u20, i V22, ,i 10 i+1 10 i+1 10 i+l q33,
+Ko U, =Ky, v2+—2 Uy +—SZ W, +—25 u,” + K" Q

=0,

m

w011l ull w211 u3l w011 ull w01l
K11 i-1 K11 i-1 K11 i-1 K11 i-1 V32, ,i K11 i+1 K11 i+l 2K11
© W, — % u + © w, — 2 Uy —KTovg + © w,"™ + % u" —( ©

w211 w211 u3l
2K/}

+ K% wy +

) ) ) K ) K )
ulo, ,i v12,,i w222 w20 i u30, ,i 11 i+1 11 i+1 q33 _
+K11 1 K11 1 _( + K11 - K11 )Wz + K11 ua -+ 52 W, "+ 25 U3 + K11 Q - 0,

2 m
s
Trong d6, i =1,(N, —1), va's — twong ung la s6 nit chia va budc chia theo so do sai phan. Tai cac
vi tri gan bién, vi tri tai trong cuc b, ¢ thé ting s6 lugng cac diém chia, giup cho do chinh xac dat
duoc cao hon. Chuong trinh tinh toan dugc 1ap trinh bang phan mém Maple.

4. Tinh to4n trang thai &tng suit cia tim tron duéi anh hwéng tai trong cuc bd

Khao sat tim tron ¢ d6 day thay doi, chiu anh hudng cua tai trong cuc bo:

0, b<r<r,
[ 37(r—rn) .
q(r.¢)=1Q,sin — sin(e), L<r<r,, r=(a+7b)/12,r,=(b+7a)/12. (8)
271
0, r,<r<a

Céc canh r=a, r=b cua tim duoc ngam chat. Kich thudc chiéu dai, chiéu rong cua tam 1a:
a=1(m), b=0,5(m), h,=0,025(m), h,=0,01(m), d6 day tim xac dinh theo cdng thuc:
h(r)=h,-tg(a)-(a-r), tg(a)=(h,—h)/a, 2a—gbc nghiéng cua tim (Hinh 1). Hé sb
Poisson x=0,3, mbédun dan hoi E =2-10" Pa.

Két qua tinh tng suét ciia tam tron theo Iy thuyét phi ¢o dién duogc thé hién trén do thi Hinh 2
va Hinh 3. Trén cac hinh nay, ky hi¢u “PCD” tuong ng véi Iy thuyet phi ¢6 dién va “CD” tuong
ing véi ly thuyét co dien. Phan tich cac ket qua thu duoc, ta thay ngoai ving bién, cac gia tri ung
suat thu duoc theo ly thuyet co dien va phi ¢o dien hau nhu trung véi nhau. Dieu nay khang dinh
dugc do chinh xac cua phuong phap phi co dién.

Sai khac gitra cac két qua tai vung bién I6n nhat la trén Hinh 3, tai vi tri tai trong cuc bg, ung
suat o, theo hai Iy thuyét chénh léch nhau 40% tai vi tri r = 0,75 m. Khi xac dinh trang thi tng
suit cua tim tron theo phuong phéap phi ¢ dién, tng suét tai l6p bién gan vi tri ngam chit c6 su
thay doi: Ging suat o, ting thém khoang 25%, o, ting thém khoang 28,5% tai vi tri biénr =b
(Hinh’2 va Hinh 3). Nhu vy, tai cé}c vi tri ngam chét,ﬁ vi tri tai trong cuc bd, phuong phap PCH
cho két qua tinh todn rng suat ctia tam cao hon dang ké so vgi phuong phap CP.
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5. Két luan

Trén co so tinh toan ly thuyét va vi du cu thé trinh bay trén ¢ thé rat ra nhiing két luan sau:

1. Sir dung phuong phap bién phan Lagrange va phan tich cac thanh phan chuyén vi cia tim
duéi dang da thirc, cao hon 2 bac so vai ly thuyét c¢d dién, da xay dung dugc bai toan bién xac
dinh TTUSBD cua tam tron c¢6 d6 day thay doi.

2. Bing phuong phap bién doi lugng giac, da chuyén hé phuong trinh can bang cua tim vé
dang thuan nhat. Sau d6 sir dung phuong phép sai phan hitu han dé chuyén vé dang hé phuong
trinh dai 0 d¢ giai bang phan mém MAPLE.

3. Pua ra so sanh két qua tinh toan TTUSBD cua tam tron theo ly thuyét c6 dién va phi cb
dién. Khi thiét ké, tinh toan do bén, (ng suat bién dang cua céc chi tiét dang tim vo c6 cac diéu
kién bi€n nhu ngam chét, luc tap trung, tai trong cuc bd, nén uu tién s dung phuong phap PCD
Vi tai c&c vi tri d6 két qua tinh toan wng suat cao hon dang ké so véi phu'orng phap CDb. Phuong
phap PCD cho phép chung ta khong chi giai cac bai toan vé tim mong, ma con ca cac tim c6 do
day trung binh.

TAI LIEU THAM KHAO/ REFERENCES

[1] S. P. Timoshenko and S. Voinovsky-Krieger, Plates and shells, (in Russian), Moscow, 1966, p. 636.

[2] V. V. Vasiliev and S. A. Lurie, “On the problem of constructing a non-classical theory of plates,” (in
Russian), Izv. AN. MTT, no. 2, pp. 158-167, 1990.

[3] V. V. Firsanov, “Study of stress-Deformed State of Rectangular Plates Based on Nonclassical Theory,”
Journal of Machinery Manufacture and Reliability, vol. 45, no. 6, pp. 515-522, 2016.

[4] V. V. Firsanov, “The stressed state of the “boundary layer” type cylindrical shells investigated
according to a nonclassical theory,” Journal of machinery, manufacture and reliabitity, vol. 47, no. 3,
pp. 241-248, 2018.

[5] Q. H. Doan and V. V. Firsanov, “Edge stress state of a rectangular plate with variable thickness based on a
refined theory,” (in Russian), MAI Proceedings, Moscow, no. 110, 2020, doi: 10.34759/trd-2020-110-10.

[6] Q. H. Doan, “Study on the stress-deformed state of rectangular plate with variable thickness according
to the non-classical theory” TNU Journal of Science and Technology, vol. 226, no. 11, pp. 124-130,
2021, doi: 10.34238/tnu-jst.4521.

[7]1 V. V. Firsanov and V. T. Pham, “Research of the stress-strain state of conical shell under the action of
local load based on the non-classical theory,” Journal of Mechanical Engineering Research and
Developments, vol. 43, no. 4, pp. 24-32, 2020.

[8] V. V. Firsanov and V. T. Pham, “Stress-strain state of the spherical shell exposed to an arbitrary load based on a
non-classical theory,” (in Russian), Problems of Strength and Plasticity, vol. 81, no. 3, pp. 359-368, 2019.

[9] Md. Roknuzzaman, B. Hossain, R. Haque, and T. U. Ahmed, “Analysis of Rectangular Plate with
Opening by Finite Difference Method,” American Journal of Civil Engineering and Architecture, vol.
3, pp. 165-173, 2015, doi: 10.12691/ajcea-3-5-3.

[10] P. Katarina, H. Marko, and B. Zlatko, “Finite difference solution of plate bending using Wolfram
Mathematica,” Tehnicki glasnik, vol. 13, pp. 241-247, 2019, doi: 10.31803/tg-20190328111708.

http://jst.tnu.edu.vn 257 Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn
https://doi.org/10.34238/tnu-jst.4521

