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Phén tich co hoc tam composnte 16p dua trén Iy thuyét bién
dang cit bic cao bing phuong phap phin tir hiru han

Ngdo Nhir Khoa
Dai hoc Thai Nguyén

Tdm tit. Dia trén Iy thuyér tdm bién dang cét bdc cao ciia Readdy, Bdo cdo
tdp. trung vao xdy dung gidi thudt va chicong trinh tinh todn trén may tink
nham giai quye: mdt l6p cdc bai todn tam Composite co kich thuege lom, chiu
uan Vi két qua cé da chinh xde cao nhe kha ndng roi rac héa tam bang mor
50 lzrang ldn cdc phan tir nr gide bdc 2, vGi kha ndng tiy chon sé  hegng phan
tir (t6f da t6i 192 phan tz). Két qua 56 thiec hign vai mot Iop cdc bai toén tdm
chit nhdt chiu uon dugc so sdnh véi cdc két qua dge ldp khdc dé khing dinh
tinh chinh xdc va wu viét ciia chuong trinh.

1. Gidi thiéu

Phuong phap phan tir hitu han (PTHH) (9] dugc xem 13 ¢bng cu linh hoat va
c0 d6 chinh xéc cao trong hdu hét cdc linh vure tinh toan co hoc ky thuit. bay Ia
phuong phap phap s6 phé bién nhat dé nghlen clru giai quyét cac bai toan tinh toan
co hoc tim composnye top chiu_ uon D3 cé rét nhidu cdng trinh cia cdc tac gia
trong va ngodi nudc tién hanh vé vén dé ndy va duge trai rong trén nhiéu phuong
dién, ca bai todn tinh va cdc bai toan déng, v&i nhiéu mé hinh PTHH khéc nhau va
dya trén nhidu ly thuyet chuyen vi khac nhau [1]. Vi dy, Panda and Natarajan (5]
da sir dung phén tir siéu tham 6 bc 2 véi 5 bic tyr do & méi nit dé khao sit co hoc
tAm composite Iop chin udn; Akin and Kwon (10] da sir dung phin t&r hdn hop dé
giai quyet bai toan tdm chiu uon M5 hinh chuyen vi ciia Pandya and Kant [11,12]
ké dén cic bién dang phi tuyén cila mit phing quy chidu va bién dang cat theo
chiéu day tim. Van dé bién dang cit di dugc kha dong cac nha khoa hoc quan tim,
va hién tai dang 13 1 trong nhig hudng nghién ciru cha yéu trong ‘nghién cltu ve
co hoc vit lidu _composite cbt sgi. Trén thuc t&, vai trd cita thanh phan ang suit cat
va bién dang cat la rat quan trong ddi voi vit liéu composite 16p, vi vét liéu nay c6
kha nang chiu cit rat kém so kha niang chiu kéo. Vé vén dé nay, d3 ¢ kha nhiéu ly
thuyét tam da dugc phét trién trong do, didm nhén 12 mé hinh hoé bién dang ct.
Trong sb céc ly thuyet tim d¢, dang quan tam 14 céc ly thuyét bién dang cat bic
cao ~ HSDT [5,6]. O day, bién dang cia tim duoc md ta & dang cic tham so chua
biét cia mat phing quy chiéu. Cac ly thuyet nay tuong tu nhu ly thuyét tAm cla
Reissner-Mindlin (1y thuyét bién dang cit bac nhit — FSDT), nhung d3 dugc phat
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trién d& dua ra md hinh bac cao hon cho cac thanh ph?m ing suat va bién dang cit
doc theo chiéu day tdm.

Ly thuyét tim do Reddy d& xuét [6] dugc xem 1 don gian nhat va hifu ich cho
nghién ciru co hoc ket cau composite 16p c6 ké dén anh huéng cia img suat/bién
dang cit theo chiéu day tam. Véi gia thiét ung suat cat bien thién béc 2 theo chiéu
day thm va thoa man diéu kién bang khong & cac mat trén va dudi tam.

Dura trén ly thuyét t4m cua Reddy, trong khudn khd ciia bao c4o nay ching tdi
tip trung vao xay dung giai thuat va chuong trinh may tinh dé giai quyét cac bai
toan tim composite chiu ubn ¢é kich thudc trung binh va lon. Loi giai s6 clia bai
todn dioc thue hién bing phuong phap PTHH véi phén tir tir gidc bac 2 day di
(chin nit). Vige kiém nghiém d5 tin cdy va pham vi 4p dung cia loi giai duoc thue
hién nh&r viée so sanh véi cac két qua doc 1ap khac. Dong thoi mot s& két qua sb
khac duge thuc hién dé xac dinh mirc 46 hoi tu cia phuong phap, lam co s& cho
cac nghién clru tiép theo.

2. X4y dyng hé phwong trinh phén tir hitu han

2.1. Trwong chuyén vi va bién dang

Theo 1y thuyét tim cia Reddy [2], trudng chuyén vi dugc xéc dinh boi:
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Theo 1y thuyét Pz“'lm cia Reddy, cac thanh phin bién dang tuyén tinh dugc xac
dinh tir trudmg chuyén vi (1) bor:
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14 cic thanh phan bién dang mang, bién dang trugt, d§ cong udn, xodn theo cic
phwong trong (mg.
2.2, Truong ing suit

Theo ly thuyét te"'lrp Reddy, khi bo qua img suit phap o, trudng Ung sudt trong
16p thi k dugce bigu dién qua trudng bién dang bai:

s.1 @, Q. Qs © 0 1 e,

Oy Q. Qp Qx 0 0 Ey

Guwi =|Q Qi Qu O 0 Yy @
Ty 0 0 0 C, Cu Y 2

Se], L0 0 0 Cy C;S_kLTF x

trong do: Qu 13 cac hing sé cla ma tran d cimg cua l6p & trong hé truc chung
(Oxyz), duge xac dinh nhu sau: Q'=T, 'QT,. V6&i T;' 12 ma trin aghich dao cta
ma trén bién d3i hé co s& img sudt T, va T, 1a ma trdn bién ddi hé co s& bién dang
va Q; la cac hing s& ciia ma trin d6 cimg cia 16p vit ligu, duge xac dinh theo cic
md dun k¥ thuat [3].
2.3. Ma triin dp cieng phén tir

Phén tir st dung trong nghién clu 1a phén tir tor gidc Lagrange béc hai, 9 nut.
Céc ham dang N; (i=1, 2, 3,..., 9) duge xac dinh trong hé toa dd quy chiéu (&, M)
nhu trong tai liéu [2].
2.3.1.Véc to bién dang

Gia st chia tim thanh NE phin tir, theo (1), tai mdi nit cia phén tir cé 7 thanh
phédn chuyén vi. Ky hiéu véc to chuyén vi nat ciia phén tir 13 d;:

oot ot v (Fen) (2] 6 (v,)i}r ©)

Theo phuong phap PTHH, 7 thanh phén chuyén vi ndy tuong éng voi 7 béc tu
do clia méi nit:

di = {qi, Gi-1, Qirzs Giv3s Qird, Givss Qirs} 6)
Véc to chuyén vi tai mot diém bét ky ciia phén tir:
T R
d={u° v ow? %:—:—+yx %+yy s Yy} N

Arvren wAm Ainh tir cde ham dano N v cac thanh phﬁn chuyén vi nit nhir sau:
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9

d=3 N (8)

it
i=1

Theo cach mé ta cna phuong phap PTHH, cac thanh phan bién dang duge biéu
dién qua véc to chuyén vi nit dudi dang:
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trong d6 cac ma trén toan tir L;, L duoc xac d'inh bai:
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C6 thé biéu dién cac thanh phin bién dang dudi dang:

NE NE
£°)=1,d=L,3 N;d, =Bja; {k}=L,d=L,> N, =B,a
i=1

=l

NE
{70}=L1ld=L‘]ZNidi =B a; (11

i=!
NE NE |
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i=1 i=F

trong dé:

[Bi]leLi]Nl - LN} [Bi]=lLhN, L N] (12)
{a}z{“? Vlo W? (W,x+}'x)](w,y+'yy)l( x)](yy)]...ug vg wg...} (13

1 ma tran cjt (63x1), bieu dién véc to chuyén vi niit cia mét phin tir.
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2.3.2. Ma trgn dé cimg phdn tir

Tur biéu thirc nang lugng bién dang dan hbi
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sau khi khai trién, ta duge:
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thay vao (15) ta duge: o

Eof Ak} {e} K}+{e} b+ k) B
Uﬁ%j +{} ik +{ {S} YT Eik}+ ) Hinties (A7)
T A }+ {v } D{x} G Dzt b+ TR

thay céc biéu thire (11), (12) va (13) vio (17) rdi bién dbi, ta dugc biéu thic cia
ma tran dd cimg phan tr nhir sau: g
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[K
1= I +BIFB, +B,HB, +B| A'B|+B'] D'B,+B'; D'B, +B'; F B,

= I[B H[BHS

BTAB, +B/BB, + BJEB, + BIBB, +B}DB, +BIFB, +B]EB, "ﬂas
(18)

trong d6, [B] 1a ma trdn bién dang-chuyén vi, [H] 12 ma tran dan héi, dwoc xac dinh
theo biéu thirc:

[Tl [B] [E] o o]
8] [p] [F] 0
B]=[B,] [B,) [B,] [By] [B,] va[Hl=|[E] [F] [H] o o ja9)

3. Két qua sb

Dura vao cac hé thirc da trinh bay ¢ trén, mdt chuong trinh tinh bang ngdn ngi
Visual C™ d3 duge xdy dung nhim tinh toan sé cho mét sb két ciu thm composite
graphite/epoxy chiu udn.

3.1. Tdm vudng khéng @6i xirng chiu cic lién két don trén 4 canh.

Két cau tim composite graphite/epoxy chiu ubn, ¢6 co tinh: E; = 172.5Gpa,
Ez= ZSOGPa; E2 = E3 = 7GP3; G]z = G]3= 4.2GPa; G23 = 35 GPa; Viz T Va3 = V3
=0.25;a=b= 400 mm; p= 100N/m’.

. D véng cua tdm duoc thé hién & bang 1 va duoc so sanh voi cac két qua )
bang phuong phap PTHH cia Tran Ich Thinh, Ngo Nhu Khoa [1], cia Pandya and
Kant [11], {12] va két qua tinh theo phuong phap giai tich cua Turvey [13].

Két qua trong Bang 1 la gia tri d0 vOng wo(a/2,a/2,0) (m) cua tAm vudng, cau
hinh (0/90), lién két don & 4 canh, chiu tai trong gay ubn phan bé déu.

Bang 1. D) vOng wo(a/2,2/2,0) (m) cia thm vudng, chu hinh (0/90)

Naudn Ty 1é a/h
5 10 40
B0 cio 1.647E-8  8780E-8  4.66482 E-6
Tran Ich Thinh, Ngo Nhu Khoa [1] 145946 E-8  8.02189 E-8 _3.90091 E-6
Pandya and Kant [11] 165248 E-8  8.10857 E-8  4.60727 E-6
_ Pandya and Kant [12] 1.63474 E-8 808571 E-8 4.60617 E-6

ey [13] 152631 E-8 7.88686E-8 4.59118 E-6
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Nhdn xét: Két qua sb trong bang 1 cho thdy thudt toan va chuong trinh cé 9 tin
cay cao khi so sanh véi két qua ddc 1ap khac, dac biét 1a déi voi tim mong.
3.2. Tdm vuéng dii ximg chiu cdc lién két don trén 4 canh.

Két cdu thm composite graphite/epoxy chiu udn, ¢6 co tinh:

E, = 172.5GPa; E; = E; = 6.9GPa; G, = G;3 = 3.45GPa; Gy; = 1.38 GPa;
v17=0.25; vo3 = v13 =0.01; a=b = 1800 mm; ¢ = 1600N/m?. Céu hinh 0°/90%0°.

D6 vong clia tim duge thé hién & bang 2 va duoc so sanh vai cac két qua sb
bang phuong phap PTHH cia Sheikh and Chakrabarti [4] va Reddy [5], dé dénh
gia tbe d6 hdi tu ciia phuong phap.

Bang 2. B§ vong quy dbi & gitra tAm chju lién két don trén 4 canh tai trong giy udn
phén bd deu.

Nguén . Iyleah . .
: 20 50 - 100

Béo cio (4x4) ~ HSDT 0.7782  0.6804 ..0.6762

B 0.7584 0.6779  0.6581

Bio cio (6x6) HSDT 0.7753 0.6817 .0.6615

’ FSDT 0.7576 0.6728  0.6525

Bio cdo (8x8) HSDT 0.7756 - 0.6832 - 0.6712

FSDT 0.7578 0.6809  0.6689

Bio cio (8x16) HSDT 0.7758 0.6836 - 0.6680

FSDT 0.7571  0.6802 = 0.6677

Sheikh and Chakrabarti [4] (8x8) HSDT 0.7819 0.6897 0.6763

FSDT 07632 0.6866  0.6755

Sheikh and Chakrabarti [4] (16x16) HSDT 0.7763 0.6854  0.6720

FSDT 0.7588 0.6823  0.6713

Sheikh and Chakrabarti [4] (32x32) HSDT 0.7763 0.6841 0.6708

FSDT 0.7588  0.6813  0.6707

Reddy [5] HSDT 0.7760 06838  0.6705

FSDT 0.7573  0.6807  0.6697

Nhdn xét: Két qua sb trong bang 2 cho thiy téc d6 hoi tu cia chuong trinh t6t hon
50 Vi cac két qua ciia Sheikh&Chakrabarti [4). Li do trén c6 thé do phin tir duge
st dung trong chuong trinh 14 phdn to to gidc 9 nut, con cla cic tdc gia
Sheikh&Chakrabarti [4] di sit dung phin tir tam gidc bc 2 (6 nit). C6 thé két ludn
ring, chuong trinh ¢6 thé cho két qua véi do chinh xdc chap nhan dugc véi méit 4o

Judi 12 8x8 ddi v&i céc thm composite kich thude kha 16n (1800x1800). 1
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3.3. Tdm chir nhét xen lop déi xing chiu lién két don trén 4 canh, téi trong gdy

udn phin b6 quy ludt ham sin.

Khao sét 46 vong va céc thanh phin img sudt quy dbi & 1 sb diém cuia tAm
chir nhat b/a = 3, cau hinh 0°/90%0° chiu lién két don trén 4 canh, tai trong gy ubn
phan b6 theo quy ludt ham sin cudng 46 g (tdm co kich thudc a = 900mm,

b=2700mm).
Trong dé:
3 2
ﬁ=w*(%.-g-), *=[Wh E/qa‘,}oo, 3, =a*,[ -g»—hz—} ot = ’;:;‘ ;
2 2
Bang 3. D6 vong quy ddi va cac thanh phan \mg sut quy ddi.
a’h  Ngudn w o, o, o,
10 Bio cho (8x8) HSDT 0.8650 0.7120 0.2845  0.0180
FSDT  0.8023  0.6281 01880  0.0142
Sheikh & Chakrabarti [4] HSDT 0.8649 07164 0.2851  0.0106
(16x16) FSDT 0.8013  0.6398 0.1861  0.01t0
Reddy [5] HSDT 0.8622 0.6524 0.2859  0.0170
FSDT 0.8030 06214 0.1894  0.0159
20  Bio cdo (8x8) HSDT 0.5930 0.6480 0.2876  0.0142
FSDT 0.5782  0.6243 0.1860  0.0138
Sheikh & Chakrabarti [4] HSDT  0.5965  0.6634 0.2859  0.0135
(16x16) FSDT 05811 06434 0.1854 00131
Reddy [5] HSDT 05937 0.6407 02880  0.0139
FSDT 0.5784 06228 0.1896  0.0135
100  Bio céo (8x8) HSDT 0.4912 05921 0.1772  0.0114
FSDT 0.4899  0.5867 0.1766  0.0112
Sheikh & Chakrabarti [4] HSDT 05097  0.6457  0.2847  0.0129
(16x16) FSDT 0.5091 0.6449  0.1866  0.0127
Reddy [5) HSDT 05070 06240 0.2886  0.0129
FSDT 0.5064 06233 0.1897  0.0127

4. Két luén

Béing phén tir hiru han wr gidc dang tham sé (9 mit, 7 bac tr do tai mbi niit),
dura trén 1y thuyét tam chuyén vj cét bic cao cia Reddy, bao cdo di xay dyng duoc
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thuit toan va chuong trinh tinh cho bai toan udn tim composite 16p. Thuét téan
ghép ndi phén tr trong xdy dyng ma tran d$ cing tong thé va ghép ndi vec to hre
miit tdng thé da duoc phit trién mot céch hop 1i, cho phép chuong trinh ¢4 kha ning
tiy chon mét ¢ ludi tot. Két qua so trong bdo cdo ¢6 49 tin cdy cao khi so sanh v&i
mot sb két qua da cong b cuia cac tic gia khac. Ddng thai, qua khéo sit cho thdy
tdc do hoi ty cua loi giai la rit tét. Chuong trinh cho phép khao sét co hoc clia cac
két cAu tAm composite c6 kich thuée 1om véi két qua dang tin cdy.

Céng trinh nay diugc hoan thanh véi si tai tro ciia Chirong trinh Nghién ciru
Co ban trong Khoa hoc T nhién.
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