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1. GIOI THIEU

Ket chu composite 16p dang gip nép ngay cang duogc st dung rong réi trong ky thuat nhu:
than tau, cic ddm hop, cic toa nha, cira céng, mai che,... boi kha nang chiu tai, do bén va do
clng riéng cao, chiu dugc an mon va chdng va dap tot.

Ung xir co hoc clia cic két cAu tdm gap nép da dugc nghién ctru véi nhiéu cich tlép can
khac nhau. Goldberg va Leve [1] d phat trién phuong phdp tinh todn dya trén 1i thuyet dan h01
va sau nay dugc De Fries-Skene va Scordelis [2] sta d6i va dp dung dé tinh todn tim gip nep
bang phuong phdp do cung truc tlep (direct stiffness solution). Médc du phuong phdp nay pho
bién va c6 tinh chinh xéc nhung rat khé ap dung cho céc két cau gap nép nhiéu 1an hodc khi
phan tich dong luc hoc cua chiing. Cheung [3] str dung phuong phdp dai hiru han dé phén tich
dam hinh lang try va dam hop dang tAm gép. Liu va Huang [4] da sir dung phuong phdp ma tran
truyen két hop véi phuong phap phan tir hitu han dé gidi cac bai todn tAm gap mot lan va gap hai
lan dua trén Ii thuyét tim c6 dién. Lee va cic cong sy [5] da phén tich bai todn ddp ing dong luc
hoc cta dam hop bé tdng chiu tai trong thay d6i, ... Tt ca cic nghién ciu trén déu dung lai &
céc két cAu bang vat liéu déng hudng.

Suresh va Malhotra [6] nghién cuu bai todn dao dong riéng cua dam composite st dung
phan tir tr gidc bon ndt v6i ndm bac tw do cho mdi niit.

Gan day, Peng L. X.; S. Kitipornchai va Liew K. M. [7] st dung phuong phép khong luoi
(meshless method) dé tinh toan u6n tim gap nep lam bang vat liéu dang hudng khi cé gan gia
cuong va khi khong c6 gan gia cuong. Két qua tinh cua tdc gid nay dugc so sdnh voi cic két qua
tinh bang Ansys.

Haldar S. va Sheikh A. H. [8] nghién ctiru phwong phap phén tich dao dong riéng cua tam
dang hudng va tAm composite 6 dang gap nep Trong d6, cdc tac gia str dung phan tu tam gidc
16 nut voi 65 bac tu do cho moi phan tr (phan tir siéu tham so- superparametric element) dya
trén 1 thuyet tAm bac nhit cua Reissner-Mindlin. Cdc ham ndi suy chuyen vi rat khé xdc dinh

Trong bai bdo nay, cic tic gia dya trén i thuyét tim cua Reissner-Mindlin da xdy dung
chuong trinh PTHH nham giai quyet bai todn ubn va dao dong riéng cua tAm composite 16p dang
gap nép voi trat ty xep 16p va géc gap khac nhau. Phan tir tir gidc dang tham s0 8 nit, modi nut ¢6
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5 bac ty do dugc st dung. Két qua tinh todn s6 dugce so sdnh voi cdc két qua doc 1ap khac dé
khang dinh d96 tin cdy cua thuat toan va chuong trinh tinh.

2.CO SO LI THUYET

2.1. Truong chuyén vi va bién dang

Trudng chuyén vi
Theo Mindlin, cac thanh phﬁn chuyén viu, v, wcua tAm duoc biéu dién nhu sau:
u(x, y,z) =uy(x, y) +26,(x, y)
v(x, y,2) =vy(x, y) + 26, (x, y) (D
w(x, y,2) = wy(X,y)
trong d6: ug, vy va wy la cac thanh phé‘m chuyén vi cia diém trén mat trung binh (z = 0) theo céic
phuong x, y va z; 6, va 6, an luot 1a géc xoay clia phdp tuyén mit trung binh quanh cic truc y va x.
Truong bién dang
Trudng bién dang duoc xdc dinh tir truong chuyén vi:
£, = gfx + 2K, €, = g,\(?,v + 2K, €. = 0

Vo =V + 2K, Ve =Yy Ve =7

(2)

{e"}={e & ¥, }T 1a véc to bién dang mang,

{c}={x. «, KX},}T 1a véc to do cong ubn va xodn,

{(»}={7. yf)‘:z}T 1a véc to bién dang cit.

Phuong trinh biéu dién quan hé gifra cc thanh phﬁn noi luc va cac thanh phﬁn bién dang cua

mit trung binh cta tim nhiéu 16p duogc viét dudi dang:

M) [1a] 8] [o]] '}
{ryi=| (8] (D] [o] |} () G
{0y LIo] [o] [FIJ|{»}

trong do6,

Iy

([AJHBJHDJ):; J (] )(zze hi=126 @

hkl

[F]:kZ:fhf ([ = =506 ij=45 5)

U

n: s6 16p composite, h_ . h, 1an lugt 1a khoang cdch tir mit trung binh cta tAm dén mit dudi va

mat trén cua 16p tht k; [Q';] va [C';] 1a cdc ma trén do ciing thu gon (tinh theo [10]).
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2.2. Phén tir tAm

Su dung phan tir tir gidc dang tham s6 tdm nit, mdi nit c¢6 5 bac tu do, cdc thanh phan
chuyen vi ciia mot diém trong phan tir duoc bleu dién theo ham dang va chuyén vi nit phan tir:
Uy :ZNI'(QZ’”)MI' > Vo :ZN,'(QZW)~V,' > Wy :ZNi(é:’rl)'wi

i=1 i=1 i=1
8 s (6)
0,=Y N0, 6,=Y N(n.0,

i1 i=1
Ma tran d6 cling ctia phan tu:

K ]=I([B]T)[H][B]d"e %

[4] [B] O
Véi: [H]=|[B] [P] O | Ma tran d6 cung vat ligu.
0 0 [F]
Ma tran khéi luwong phﬁn tir:
- [o[¥ ] [N o, ®
A
Vécto lyc nuit phﬁn tlr clia tai trong phan b déu:
{F} =[[~] qaa ©)
A

trong d6: p 1a khdi luong riéng 16p thir k; [ N, J: ma trdn cdc ham dang, ¢ 1a cuong do lyc phan

bb trén phﬁn tur.
2.3. Phén tir tAm gép nép

Vi cac phan tir tAm gap c6 phuong khdc nhau (phuong vécto phap tuyen clla mat phang)
nén bién dang uén trong phan tir ndy c6 thé gy ra bién dang trong mit phang cho phan tir ké
tlep Do d6, trudc khi ghép noi cdc ma trén do cung phan tir, ma tran khoi luong phan tw, vécto
lyc nat phan tu, tac gia da gan thém goc X0én 0, vao vécto chuyen vi ntt phan tr (bac ty do thur
sdu cuia nit phan tir). Cdc chuyén vi va géc xoay ctia mdi phan tir trong hé toa do dia phwong
duoc chuyén ddi sang hé toa do chung theo quan hé nhu sau:

u e Lo L, 0 0 0 ||u
v o L, L, 0 0 0 [|v
w l., I, L. 0 0 0 |[|w (10)
0, 0 0 Ly, L L, |6
6, o 0 0 -~ I, -L.|l6
6] |0 0 0 . . L. ]|g
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Hinh 1. Hé truc toa d6 chung (x,y,z) va dia phwong(x’,y’z’) clia phan t& tAm gap nép
Biéu dién dudi dang thu gon:
{uy=[T{u} (11)
trong d6: [T] la ma tran chuyén dbi hé truc toa do; l;+ 1a céc cosin chi phuong gitra cdc tryc cua
hé truc toa dd chung va cdc truc cua h¢ truc toa d6 dia phuong twong ung.

Nhu véy, ma tran d§ cing, ma trén khéi lugng va vécto tai cla phﬁn tur trong h¢ toa do téng thé
duoc viét lai nhu sau:

(K], =[r] [« ] [r]: [M] =[7][m'] [T]: [F] =[T]{F}, (12)
Trong bai todn tinh tan sé dao dong riéng, phuong trinh dugc sir dung ¢6 dang:
[M]{%} + [K]{x}=0 (13)

Nghiém cua phuong trinh (13) c6 dang:
{x(t)} ={o}e™ (14)
Véi {9}, @ 1an lugt 1 vécto riéng va tan so riéng twong tng cua hé.

Thay phuong trinh (14) vao phuong trinh (13), ta ¢6 phuong trinh dugc sir dung dé xac dinh tan
sO riéng @ cd dang:

{-o* [M]+[K]}={0}. (15)
Trong bai todn tinh, bo qua thanh phan gia tdc trong phwong trinh (13), ta c6:
[K]{x}={F} (16)

Véi: [M],[K].{x}.{F} 1an lugt 12 ma tran khdi lugng, ma tran do cling, vécto chuyén vi niit,

vécto tai trong tong thé.

3. KET QUA SO
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T m6 hinh PTHH dé xdy dung & trén, chuong trinh tinh bing MATLAB da duoc thiét lap
nham thyc hién tinh todn sb céc 16p bai todn tAm composite 16p c6 dang gép nép. Két qua s0
thyc hién nhdm kiém ching d tin ciy cua thuat todn va mo hinh tinh, sy hoi tu cua két qua;
danh gid anh huong cua géc gép nép, géc soi dén tan sé dao dong riéng, kha ning chiu udn cua
tAm gép nép composite 16p dudi tdc dung cua tai trong udn. Cic ma tran do ciing va ma tran
khdi lwong cho phan tir duoc tinh todn bang phép cau phuong Gauss.

3.1. Kiém tra d¢ tin cdy ciia thuit toan va chwong trinh

Tam dang gip nép lam bang vat liéu ding hudng voi: E = 2x10° Pa; v = 0,3. D vong cia
tAm chiu uén va tan s6 dao dong riéng dugc so sanh véi két qua thu duge boi nghién ciru cia
Cheung Y. K. [4] (sir dung phuong phdp ma trén truyén két hop phan tir hiru han), Liew K. M.
[7] (str dung phuong phép khong ludi-meshless method) va S. Haldar [8] (sir dung phan tir siéu
tham s- superparametric element).

Bai toan 1: Tdm gdp nép chiu uén, vt liéu dang hidng

Xét tim gép nép mot 1an vé6i gée gip 1 o =90° c6 hai mit A, B hinh vudng, kich thudc mdi
canh bang 2 m. Tai trong phin bb déu ¢ = 10 Pa theo phuong vudng géc voi cic mit A, B (hinh
2). P9 day tim t = 0,05 m.

Céc gia tri 46 vong tai mot sd diém doc theo duong y = 1 m ciia tim A trong trudng hop
ngam tai hai canh 1, 2 va ngam tai hai canh 3, 4 so sanh v6i [7] dugc trinh bay trong bang 1.
Hinh dang ctua tam gép nép sau khi chiu téi cho cic trudng hgp dang xét biéu dién trén hinh 3.

Béng 1. Do vong tai m&t caty = 1 m cha tdm A. % :‘TG_U]‘IOO
Toa do(m) Tac giad(TG) [7] Chénh léch
Ngam tai canh 1,2 x=1 -0,001202 -0,0012 0,17%
Ngam tai canh 3,4 x=0,5 -0,001426 -0,001442 1,11%
x=1 -0,004190 -0,004118 1,75%
x=1,5 -0,007046 -0,006947 1,42%
x=2 -0,009723 -0,009691 0,33%

N

Hinh 3. Hinh dang tdm sau khi chiu tai.
(a)- Ngam tai canh 1,2
(b)- Ngam tai canh 3,4

Hinh 2. TAm gap mét lan, o.=90°
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Bai toan 2: Dao dong riéng ciia tam gdp nép, vit liéu ddng hwdéng

Xét tim gép nép nhu hinh 4 canh 1, 2 ¢6 kich thude L = 1 m, céc canh 3, 4 ¢6 kich thudc 1a
a=b=05L,doday t=0,02 m.

b //3 Mit A

a 4 Mit B
| )
'Ir )(t(m)
L

Hinh 4. Tam g&p nép mét lan va&i goc gép o

So sdnh nam tan s dao dong riéng dau tién cta tim dudi dang khong thir nguyén vai [4],
[8] duogc trinh bay trong bang 2 véi cic truong hop chia ludi khic nhau va géc gap nép
o=90°,120°,150°.

Bang 2. Nam tan s dao dong riéng dau tién dang khong thi nguyén: A, =oL/(p(1-v*)/E).

Géc gap Ludi Ngudn A, A, A, A, As
a=90° [4] 0,0492 0,0978  0,1835 0,2147  0,3516
8x8 [8] 0,0485 0,0950 0,1771 0,2062  0,3381
10x10 [8] 0,0488 0,0956 0,1784  0,2071 0,3407
8x8 Téc gia 0,0472  0,0959 0,1735 0,2037  0,3420
10x10 Téac gia 0,0471 0,0959 0,1732  0,2035 0,3417
a=120° [4] 0,0492  0,0950 0,1837 0,2132  0,3038
8x8 [8] 0,0487 0,0930 0,1772 0,2046  0,2848
10x10 [8] 0,0489 0,0934 0,1786 0,2059  0,2860
8x8 Téac gia 0,0472  0,0929 0,1735 0,2019  0,2857
10x10 Téac gia 0,0471 0,0929 0,1734 0,2017  0,2855
a=150° [4] 0,0493 0,0826 0,1838 0,2008 0,2256
8x8 [8] 0,0487 0,0800 0,1772  0,1865 0,2158
10x10 [8] 0,0488 0,0802 0,1787  0,1885 0,2176
8x8 Téac gia 0,0472 0,0793 0,1736 0,1868 00,2140
10x10 Téc gia 0,0471 0,0793 0,1734  0,1867 00,2138

Céc két qua trong bang 1 va 2 cho théy thuat todn va chuong trinh tinh cta tic gia la dang
tin c@y khi so sanh voi két qua trong nghién ctru cua [7] va [4, 8]. Ludi 8x8 cho két qua hoi tu.
Céc gia tri vé do vong chénh léch 16n nhét 12 1,75%, cic gia tri vé tin s6 dao dong riéng chénh
1éch 16n nhét 12 6,23% .

132



Tinh todan uén va dao dong tam composite gép nép bang phuwong phdp phén t hitu han

3.2. TAm composite 16 c6 dang gip nép chiu udn

Xét tam composite 16p gap nép mot lan, c6 kich thudc cic canh nhu trong bai todn 2 (hinh
4), do day cua tam la t = 0,01 m. Co tinh vat li¢u nhu bang 3 [8]. Tam goém 4 16p véi cau hinh
(0°790°10°190°), ki higu (0”/90°) , 46 day céc 16p nhu nhau.

Téam chiu tai phan bd déu q = 1000 Pa, vudng géc voi hai mit A va B.

Céc gid tri do vong tai mot sd diém trong truong hop ngam tai hai canh 1, 2 va ngam tai
hai canh 3, 4 doc theo duong y = 0,25 m ctia mat A dugc trinh bay trong bang 4 . D6 thi d6 vong
clia mit A v6i cdc truong hop géc gap nép o.=90°,120°,150° biéu dién trén hinh 5. Hinh dang
clia tAm sau khi chiu tai mo6 ta boi hinh 6.

Bang 3. Co tinh vat liéu composite ([8])

E;(GPa) E;(GPa) G;;(GPa) Gy;(GPa) Gi3(GPa) vp v p(kg/m’)
60,7 24,8 12,0 12,0 12,0 0,23 0,23 1300

Bang 4. D6 véng cda tdm tai mot s6 diém doc theo duwdng y = 0,25 m voi hai trwong
hop diéu kién bién: Ngam tai hai canh 1, 2 va ngam tai hai canh 3, 4

b vong w (mm) b vong w (mm)
X (m) Ngam tai canh 1, 2 Ngam tai canh 3, 4

o =90’ o=120° o=150" o =90" o=120° o =150°

0 -0,04897 -0,04924 -0,05074 0 0 0
0,25 -0,04641 -0,04670 -0,04829 -0,2060 -0,2109 -0,2382
0,5 -0,04654 -0,04684 -0,04842 -0,4780 -0,4928 -0,5731
0,75 -0,04641 -0,04670 -0,04829 -0,6484 -0,6737 -0,8119
1 -0,04897 -0,04924 -0,05074 -0,7420 -0,7776 -0,9719

0 0.25 0.5 0.75 1 0 025 05 0.75 1

1 —e—Gécgdp90 _ _ O,
—a— Géc gép 120
1~ —a— Goéc gép 150

Do vong w (mm)
o
[}

x(m)

x(m)
(a) (b)
Hinh 5. D6 thi d6 véng cta tdm A doc theo dwéng y = 0,25 m, (0°/90°),
(a)- Ngamtaicanh 1, 2
(b)- Ngam tai canh 3, 4
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(b)

f

Géc gdp a=90° Goc gap o= 120 Géc gip a =150

Hinh 6.TAm sau khi chiu tai ¢ng v&i diéu kién bién va géc gap a khac nhau, khi
t = 0,01 (m),c4u hinh I&p (0°/90°),: (a): Ngam tai 1,2; (b): Ngam tai 3,4

Nhan xét:

Béang 4 va hinh 5 cho thdy khi géc gip a =90°,120°, d6 vong cia tim khong thay dbi
nhiéu khi chju tai va nho hon khoéng 3,5% so véi truong hop géc gdp 1a 150”. Ving gan véi
canh ty do ¢6 do vong 16n hon so v6i bén trong tam do anh hudng cua viéc gap neép. Goc gap
nép anh huong dang ké dén kha nang chiu udn cla tam composite dang gap nép. Trong truong
hop chiu tai udn dang xét, tim voi a = 90° chiu udn tdt nhét, tim véiar = 150° chiu udn kém
hon.

3.3. Tinh tin s6 dao dong riéng ciia tim composite gap nép

Xét tim composite 16p dang gép nép c6 kich thude nhu hinh 4, ddc trung vat liéu nhu trong
bang _?), diéu l,(ién bién ngam hai canh 3 va 4, d day ctia tam t = 0,01 m. D& dam bao tinh hdi tu
cua két qua so, ludi 8x8 dugce sir dung khi tinh toan.
3.3.1. Khao sdt anh hudng ciia géc gap nép o dén tan sé dao déng riéng ciia tam

Céu hinh cia thm composite 16p(0°/90°/0°/90°), véi cdc géc  ghp

a=90",120°,150",180° (tim phing), két qua tinh nam tan s riéng dau tién dugc thé hién trong
bang 3, céc dang dao dong riéng dugc biéu dién trén hinh 7.
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-0.2+

0.4

04 06 0 02 04 g5 g

Mode 1, a=180",(0°/90° ), Mode 2, @ = 180°,(0°/90° ), Mode 3, @ = 180°,(0°/90° ),
Hinh 7. Ba dang dao déng riéng dau tién cta tAm gap nép (0°/90°/0°/90°),véit = 0,01 m

Bang 5. Tan sb dao déng riéng (Hz) khi ngam tai canh 3 va canh 4, (0°/90°),

Géc ghp Céu hinh f, f, f 5 f, s

a=90° (0°/90°),  20.645 43745 77426  91.449  168.101
a=120° (0°790°),  20.639 43441 74048 91.294  168.588
a=150° (0°790°),  20.632 41.801  77.391  90.497  146.531

o = 180°(Phang) (0°790°), 9.183 20.646  57.231 68.963  77.464
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Nhdn xét:
Béng 5 cho thay do1 véi cing goc phuong soi, cung do day, tan s6 dao dong cua tAm phang co
gid tri thap hon rat nhiéu so vdi cic tim gap nep

Khi géc gap thay doi (or=90°,120°,150° ), tan sb dao dong dau tién ludn c6 gid tri gan
bang nhau. Khi géc gip a=90"va a =120, tan s dao dong ctua mode 2, mode 4, mode5
khong thay doi nhi€u, trong khi tan s6 cua mode 3 tdng nhanh khi géc «a giam tu
a=120° xuéng a=90°. Khi gbc a = 150° tAn s dao dong cia cic mode 1, mode 2, mode 4,
mode 5 nhé hon tan sé dao dong ciia cic mode tuong ing khi o = 90° va o = 120° .

3.3.2. Khao sdt anh hwong cua goc phiwong soi dén tan s6 dao dong riéng cua tam composite
gdp nép

Nim tan sb dao dong riéng dAu tién ctia tim composite 16p dang gép nép véi cdc cau hinh
16p (45°/-45°), va (30°/-30°), thé hién trong bang 6.

Béng 6. Tan sb dao dong riéng (Hz) khi ngam tai canh 3 va canh 4.
VéiL=1m;a=b=0,5L,t=0,01m, (45%-45%; va (30%-30°),

Géc gap Céu hinh f, f, f 4 f, fs
a=90° (45°/-45%), 23478 43308 81.710 95478  157.757
(30°-30°),  22.176  46.110  76.478 92714 161915
a=120°  (45°/-45°), 23484 42963 81.731 95175  158.208
(30°-30°),  22.182 45605 76.486  92.423  161.995
a=150°  (45°/-45%), 23487 41.144 81739  93.594  140.009
(30°/-30°),  22.185 42951  76.493  90.740  135.828
a=180°  (45°-45%), 8370 23528 51405 69.122 81926
(Phang) (30°/-30°),  7.546  22.128  46.763  73.373  76.648

Nhdn xét:

C6 thé thay rang, tan 56 dao dong tan s6 dao dong clia tim phang ludn co gla tri thap hon
rat nhleu s0 véi cac tam gap nep Diéu d6 cho thiy tim composite 16p dang gap nép c6 do cimg
tang rat dang ké so véi tim phang

V6i cting mot cau hinh 16p, khi géc gép thay ddi (a=90",120°,150° ), mode 1 van c6 tin
s6 gan bang nhau. Téan s6 tng véi mode 1, mode 3, mode 4 cta tdm véi céu hinh (30°/-30°), nho
hon tam véi cau hinh (45°/-45°), khi ching ¢6 cling géc gap nép o .

Tur céc két qua cta Bang 5 va Bang 6 cho thdy anh “huong cua gée gap nép va cau hinh 16p
dén tan s6 dao dong riéng cua tim composne 16p dang gip nép 1a rat dang ké.

Khi a =180° (tam phang), tam tan s6 dao dong ctia mode 1 cua tam (0°/90°), 12 16n hon tan
s0 mode 1 cua cac tam (45°%-45°), va (30°/-30°),.
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Khi (a=90",120°,150" ) tin sb mode 1 cuia tim (0°/90°), lai nhé nhat trong khi tan s6 cta
mode 5 lai 16n nhét. T?m s6 dao dong ctia mode 1 cua tAm (45°/-45°), 16n nhét trong khi tan sb
cua mode 5 lai nhé nhat.

Véi géc gép nép o = 150 tén s6 dao dong mode 2 cia tam (0°/90°), va tAm (45°/-45°),
xap xi bang nhau va nhé hon tn s6 twong trng cua tam (30°/-30°)..

4. KET LUAN

Trong nghién ctru niy, bang phuwong phép phan tir hitu han, dua trén co so 1f thuyét tim bac
nhét cua Relssner Mindlin, céc tic gid da xay dung duogc thuat todn va chuong trinh Matlab dé
giai s6 bai todn udn va bai todn dao dong riéng cua tam composite 16p dang gap nép. Cic ket qua
s0 da cho thay do vong, tan s6 dao dong riéng va céc dang dao dong riéng cua két cau tim
composne 16p dang gap nep phu thuoe dang ké vao goc gap nép va cau hinh 16p. Do d6, khi ché
tao tam composite 16p dang gap nép cin chii ¥ tinh todn géc gap nép va trat tu xép 16p sao cho
hop 1i.

Vm thuat todn va chuong trinh Matlab da th1et lap, ta hoan toan c6 thé trlen khai céc nghién
ctru tiép theo cho cdc 16p bai todn tinh - dong vé két cau tAm composite dang gap nép dang phirc
tap hon va tdm composite 16p lwon séng.
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Tran Ich Thinh, Trdn Minh T4, BUi Van Binh

SUMMARY
BENDING AND VIBRATION ANALYSES OF FOLDED COMPOSITE PLATE BY FEM

This paper presented an analysis of static and free vibration of laminated composite folded
plate using finite element method, based on the first order shear deformation theory. In this
analysis, a sixth drilling degree of freedom (DOF) (8,) corresponding to the rotation about the z

axis is added to the existing 5 DOF system (u ,v,w,6_, 0}, ). The effects of fibbers orientation,

crank angles (folding angle) on the deflections, on natural frequencies of folded plate structures
were determined. The present results have been compared with published one (where available).
It is shown that concordance between the two sets of results.

Keyword. folded composite plate, finite element method, folded plate element, Mindlin theory,
static and dynamic analysis, mode sharp

138



