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Tinh toan két cau tAm composite 6p c6 gan fing aing
bang phwong phap Phan tir hiru han

Ng6 Nhr Khoa(PH Thai Nguyén)

1. Gioi thiéu

Trong cac nghiénai da cong b V& két cu tim c6 ganang amng king vt lidu composite
|6p chiu wn nhr da ch ra trong [1], ndi chi dirng ki & viéc tinh toan cho cadkciu c6 gan b tri
doc theo cacanh, hay véc chia lrgi phai phu thudc vao s do bb tri cia gan. Vi gy, trong niiing
nghién &u msi cua chidng toi 4n day da tip trung vao xayehg mo hinh pﬁn tir cO the ap ding
cho bai toan & ciu tim cé gan ng amng ¢ dang Hng quéat (Iét ciu cO $ luong gan At ky,
hudng gan khéng rét thlet phii song song & cac anh bén da ﬁm) Xuat phat fr y trong ma
tran do cirng aia prﬁn tir tim-gan § & ng ma tin do ciing ca prﬁn tir tim phing va ma #n do
cing aia thanh pﬁn gan. Trongio, ma tén d6 cang aia thanh phn ganduoc xay ding trén o
so ciia viéc biéu dién trrong bién dang trong gan thong quaditruong chugn vi trung gian dy
trén ph‘m tr tim, va trong chugn vi nay dugc xacdinh nhy viéc noi suy tr cac thanh pi'n
chuyén vi ndt dia phin tr tim. Trong [1], chang t&id xay drng duoc ma tén dé cang aia pHin
tr tam — gan dng tam giac &c hai \6i ba ndt 4i dinh va ba nat trén bién. Trong nghigumay,
chling toi tép tuc phat trén tir cac Kt qua da dat duoc d6, king viéc xay dmg thut toan PTHH
va chrong trinh may tinki¢ khao sat wi mét I6p cac bai toadién hinh, thong qua cackua
naydé khang dinh dugc tinhdingdan caa moé hinh pén tr da xay drng.

2. Hé phwong trinh phan tir hitu han

Ap dung ly thuyét tim Mindlin, tredng chuyn vi tai caa im dwoc biéu dién nhr sau:

u( x,yz)=u’(xy)+2z6,(xy)

V(xy,z) =V (xy)+26,(xy) (1a)

W(X,y,z) =W’( X,y)

va trong chuyén vi caa thanh phn gan:

u(x,z)=u®(x)+z6,(x); w(x)=w"(x) (1b)

Ma tr an do cirng phan tir

Tir truong chugn vi (1), Wi viéc i rac hoa Kt ciu king PTHH, ndi nit aia phin tir 8 tim
phai ¢6 5 kic tr do. Sr dung pHin tir tam giac 6 nat, kiité ma thn do arg phan tir tam - gan la [1]:

Ke=KL+KE (2)

trongdo, réu nhr phan tir gan chi thupe 1 prﬁn tir tim thi ma tén do ctng aia ptﬁn tir lai thuc
hién nhr biéu thic (2), reu thwc ca hai ptan tr tam thi coi nhr chi thuoc mot phan tir, phan tir
con ki coi nhr khong clita gan.K} va K? dugc xacdinh theo:

= [[8/A B, +BBB, +B]BB +B]DB, +B]A B,JS
St

ke =b, [[B][re] [pe[reee pix

‘g

®3)
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véi: A, B DVaA' la cac ma in do mang - n - xain quen thgc [2]; D° 1a ma tan do dan Kb
cua Vat liéu gan quydoi va B; la cac ma in bien dang-chuyn vi nat [1]:

[B]=[[LIN, [LIN, ... [LINs ] 1=(2,3)
by 1a chEu rong gan; B? 1a ma tén bién dang-chuyén vi nat dia prin tir thupe gan [1]:
Trongdé cac B 1a ma tén lién K bién cang chuyn vi duoc xacdinh nhr sau:

i 0 i 0O 0 0 0 0 O

0X ay'

o 2 9 9 00 0 00

ay' 0x (4)
[Be]=lo0 o o0 0 o0 0o o 22 |[N]

ay' ox'

0O O OL 0 O i 01

ox' 0
0O O 0 O i i 0 1 0
L ay' ox ]

vaT? ma tén chuyn doi hé truc bién dang, Wi ¢ & goc hp bai gan va toc x:

cos’¢ sin’¢ %sin 2¢ 0 0 0 0 0 0

. . . 5

{Tg}: 0 0 0 cos’¢ sin’¢ %sm 2¢ %sm2¢ 0 0 ()
0 0 0 0 0 0 0 sing cos¢

Ma tr an lwc nit phan tir [2]

Ma tran lyc nGt phn tir cua @i trong phan B déu duoc xacdinh boi:

F=[[[B.]'{ p(xy)}ds (6)

trongdé: [Bp| & ma tén chuyn déi lyc b mit, dugc xacdinh i cAc ma tin dinh vi va cac
ham ding nhr sau:
[Be]=[Lp ][Ny Np........Ng] (7)

_Trong tuong hop tong quét, du coi cac i trong tac ang 1&n nit trung binh da tim,
bao @m cac #i trong tac aing trong nit phang &im va k€ ca tai trong tac @ing vudng goc i
bé mat, thiLp la ma tén don vi c6 kich thréc (5x5)

Tich phan $ [2].

Ap dung phrong phap tich phanosta co thk xac dinh dugc cac béu thrc ma tén do
cing pHin tir tim, aia gan, ma fin d6 cang Hng th va ma tén luc nat.
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[k]A-| |ZWBlA B,

], =2 |ZW[BTB B,+B/B B, |
N (8)
[k]D=|2|ZWBTD B,

N
[k]A' :EZWiBsTAI Bs
i=1
va ma tan lyc nat pln tir cé the duogc xacdinh nhy:
1 3
[JpC xym(xyps=a" > wB.['{ pOxy)} 9)
S, i=1

Trong nghién ¢u nay, cac Bu thrc tich phan (8) va (YJuoc tinh i viéc ar dung tich
phan Gauss diem.

3. Két qua sb

~ Tircac I§ thirc mo & tng X o hoc két ciu tim gan king phrong phap phn tir hiru han v6i

phan tr tam-gan dng tam giac 6 nat mdé trinh bay trong fim truc’wc.’ Chung toida xay drng dqqc
chuong trinh may tinhing ngdn ng MATLAB, nhim thuc hién giai so voi mot lop cac bai toaratn
Composite ci nhat 6 va khong c6 gaartg arng chu wn dudi tac ding aia ti trong & hoc. Thong
qua cac & qua 5 voi mot sb cAc bai toanwcthé nhim: Banh gid éc do hoi tu caa thuit toan va
cheong trinh;danh giadé tin cy k;t qui tinh toan ga thuit toan va chiong trinh qua cac bai toan; va
budc dau ing ding chrong trinhdé khao satinh hrong @ia sr phan b gandoi voi kha nang chu wn
cua tim va khio satanh hrong dia trét tu xép lop trong m cé ganien kha nang chiu won aia tim.

’ Trong khuon kb cua bai bao nay, chiing tdiictkmng lai ¢ cac Kt cau tim gan cfu lién
két don trén n canh déu, tim va gandeéu c6 chung rdt cau hinh Xp 16p, cac gan dhxet theo
mot phuong, song songdi nhau va phanddeu trén k& mat tam.

Dbanh giads hoi tu cua thuit toan va clrong trinh

Khao sét Kt ciu tim chir nhat, chieu rong im b = 800mm, chiu day h = 4mm va
a/h=0,01 ; gan c6 kichc bd rong hy=4mm va chiu cao la H=40 mmAm chiu lién Kt don
trén Bn canh ; ém va gan cé 4dp (45/-45° /45)/-45°):  cung o© tinh: B/E;=25, B=E,,
G1,=G13=0,5B, G»>3=0,25, Vi,=V;3= 025 va Vo = 049.

_ 3
Bdang 1.D¢ vong quydoi W = 100u4EZ tai diém giza qia tim
ga

Ludi phan tr 4x4 6X6 8x8 10x10 12x12
Tam khong c6 gan 1,0114 1,1770 1,2134 1,2249 1,2295
Tam c6 1 gan 0,0552 0,0526 0,0506 0,0499 0,0496
Tam c6 3 gan 0,0250 0,0253 0,0257 0,0256 0,0253

Nhan xét: Do vong @ia tim khong cé gamoi véi ¢ ludi 10x10 saiéch so i ¢5 ludi
12x12 la 0,3755%. dong tr doi véi tam ¢d 1 gan la 0,6012% va 3 gan la 1,171®%su do
ching © thuat toan va clrong trinh PTHHia dugc xay drng dam bao tinh i tu va mét do ludi
cho Kt qua hoi tu la 8x8.
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Panh giads tin cdy két qua tinh todn @a thuit todn va chrong trinh
Bai toan 1: Xét két ciu tim vudnga=508mm, éu hinh (6/90°/0° va @ tinh nhr
trén. Bing 4.2 béu dicn két qua d6 vong quydoi tai diem gitra tam doi voi cac nhom kt
cau tam co6do day khac nhau, thagoi tor tam mong (h/a=0,01)den tam c6do day trung
binh (/a=0,25). Gia tf do vong quidoi nhu trong Bing 2dugc so sanh &i cac ket qua da
cong » khac.
Bdang 2.D¢ vong quyddi tai diém giFa qia tim vudng, piing chu wn hdi tdi trong phan b déu q

] Ti sb dp day (h/a)

Nguon Cé lwéi 0,25 0,1 0,05 0,02 0,01

B&o cao (4x4) 3,1149 | 1,1310 | 0,7782 | 0,6464 0,5653
A.H.Sheikh va HSDT 2,9241 | 1,1113 | 0,7975 | 0,7048 0,6913
A.Chakrabarti[4] FSDT 2,6764 | 1,0440 | 0,7788 | 0,7017 0,6905
B&o cao (6x6) 3,1146 | 1,1340 0,785 0,6784 0,6494
A.H.Sheikh va HSDT 2,9163 | 1,0097 | 0,7861 | 0,6938 0,6804
A.Chakrabarti[4] FSDT 2,6675 | 1,0321 | 0,7674 | 0,6907 0,6796
B&o cao (8x8) 3,1146 | 1,1345 | 0,7872 | 0,6834 0,6645
A.H.Sheikh va HSDT 2,9234 | 1,0956 | 0,7819 | 0,6897 0,6763
A.Chakrabarti[4] FSDT 26642 | 1,0278 | 0,7632 | 0,6866 0,6755
B&o cao (10x10) | 3,1145 | 1,1346 | 0,7876 | 0,6847 0,6683
A.H.Sheikh va HSDT 29111 | 1,0926 | 0,7787 | 0,6865 0,6732
A.Chakrabarti[4] FSDT 2,6617 | 1,0246 | 0,7600 | 0,6835 0,6724
B&o cao (12x12) | 3,1145 | 1,1347 | 0,7877 | 0,6852 0,6696
A.H.Sheikh va HSDT 2,9103 | 1,0910 | 0,7763 | 0,6854 0,6720
A.Chakrabarti[4] FSDT 2,6608 | 1,0235 | 0,7588 | 0,6823 0,6713
Reddy(5] HSDT 2,0091 | 1,0900 | 0,7760 | 0,6838 0,6705
Ghosh va Dey|6] FSDT 2,6596 | 1,0219 | 0,7573 | 0,6807 0,6697
HSDT 2,9091 | 0,9650 | 0,7572 | 0,6838 0,6823

Chu y: HSDT: High-order Deformation Theory- ly thitychuyén vi cit bac cao.
FSDT: First-order Deformation Theory- ly traiychuyén vi cat bac nhat.

Nhan xét:
- V6i & lugi (12x12), 1 sb d6 day h/a=0,01 thi saédh 1a 0,3571% sodi ly thuyét bac
cao 1a 0,2532% soovly thuyét bac thap A.H. Sheikh va A.Chakrabarti [4Jgdéng tr 0,1342%,
0,0149% i Reddy [5] va 1,8614%ai ly thuyét bac cao @a Ghosh-Dey [6]. Vi ti s6 do day
h/a=0,05 thi saiéth la 1,4685% sodi ly thuyét bac cao 1a 3,8086% sadvly thuyét bac thip
A.H. Sheikh va A.Chakrabarti [4]utng tr 1,5077%, 4,0143%3d¥ Reddy [5] va 4,0280% &1
ly thuyét bac cao @éa Ghosh-Dey [6].

- Twong tr v6i do dayh/a=0,1dén 0,25 thi Kt qua thu dugc khi so sanh & cac tac gi
khac \an chip nhin duoc, nhing sai éch da lon hon so i tdm c6do dayh/a=0,01dén 0,05
nhu trong Bing 2: Voi d6 day h/a=0,25 thi saidch la 7,0165% sodi ly thuyét bac cao @a
A.H. Sheikh va A.Chakrabarti [4]wtng tr 7,0606% i Reddy [5] va 7,0606%¢di ly thuyét
bac cao @éa Ghosh-Dey [6], & do dayh/a=0,1 thi saidch la 4,0055% sodt ly thuyét bac cao
cia A.H. Sheikh va A.Chakrabarti [4]ydng tr 4,1009% i Reddy [5].
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Bai toan 2. Xét két cau tim vuéng cé ganihg arng nhr Hinh 1, lién Kt don trén Bn
canh; chiu udn boi tai trong q =13,8.10°N/mn?, ciu hinh %p lop (9070%90%). Céac bp vat liéu
c6 cling o tinh: E; =1,324.18(N/mnv); Ex=E3 =1,07.10(N/mn7); G1,=G15=0,56.16(N/mn¥);
G23=1,34.10(N/mn); v,, =v,, = 024 vav,, = 049.

Ay A_A i

o ’ 12,54mm
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| |
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254mm| A A
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Hinh 1. Kich tlréc hinh lvc cia tim- gan nhéu lép

Sy bién thién @ado vong ac theoduong trung tam €a im gan nlr Hinh 2, trongio
cO sr so sanh §i cac Kt qua da cong b khac.

Nhan xét: K&t qua caa chrong trinh thudwoc vé chuyén vi nGt dia im rém trén hai
duong thing trung tamx/a= 0,5 vay = 0,5 & ludi 12x12 so sanhdi [3] dugc mé & nhu hinh
trén cho thy sr sai khac gia cacduong cong la khdndgang K€, nhr tai d6 vdng trung taméam
|a khaing 2,7749%.

Két luan: Qua cac so sankedd vong ti mot sd diém nat nhr gitra cac Kt qua tinh toéan
véi mot sd két qua da cong b ddi véi két cau tim phing va m c6 ganing aing, cho thy md
hinh ptin tr tim-gan, that toAn PTHH va chong trinhda dugc xay drng chodd tin ciy cao,
va co tit &p ding cho céac bai toatc lap.

x/a=0.5
08 . T o
7 >
__o0s6¢
= f"(’ "'5\
E J —+— Bao cao RN
 0al AR Tai lieu [3]
z —a— Bao cao "‘\
. :,:' ————— Tai lieu [3] ‘\\\
< yifa=0.5 A . R s
20 40 60 80 100110 127
{mm)

Hinh 2. % bién thién @a dg véng @c theodwong trung tdm ga tim gan.
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Ap dung thuit toan va clrong trinh cho mit s6 bai toan @ thé
Bai toan 3.Khao satinh hrong aia sr phan b gandbi véi kha ning chu ubn.

Xét két ciu tim chiu lyc phan I déu, cé @u hinh va o tinh nhr trong Bai ton 2, ning
trong tirong hop nay &m c6 nhéu gan song songsvnhau, lyp voi truc x mjt goc 9{9, khaing
cach gira cac gan la cacicu nhau vaduoc phan b déu trén chéy rong tim. Ket qua cua
chuong trinh \6i mat do Ig:c’yi 1gx12duqc tinh chodo vong i céqdiém vdoc theoduong thing
trung tam y/a=0,duoc bicu dien trén cac Hinh 3a c6 so sanfi tam phang va Hinh 3b lam r6
hon ar chénh éch € d6 vong d@ia cac dm cé s phan 16 gan khac nhau.

4,

—+— Tam 1 gan
—— Tam 2 gan
—&— Tam 3 gan

Tam 4 gan

Tam khong gan
—+— Tam 1 gan
—— Tam 2 gan
—&— Tam 3 gan
----- Tam 4 gan

w(mm)
[}
w(mm)

040 20 40 80 80 100 127
(mm)
(a) (b)

Hinh 3. S bién thién gia dé vong @c theodwong trung tam

Nhgn xét: Tir d6 thi trén cac Hinh 3a va Hinh 3b, chaythiéu qua chong wn cia tim
co gan ing arng so Vi tam phing, dong thyi cho thiy anh hxorng fit dang K caa sr phan b
ganddi voi kha nang chu uon aia im. Do do, viéc thiét ké sb Iu:ong va & do bb tri gan cung
vé6i hinh dang nit cit va kich thrge hinh ke cia cac ganéscod y nghia dic biét quan tong dbi
vé6i kha nang chu luc aia im. Két qua nay hoan toan phiop véi thuc t

Bai toan 4.Khao satinh hrong aia trt ty xép 16p dén kha nang chu ubn.

Xét két ciu tim c6 1 ganing arng rim chinh gira tm c6 hréng song songdi truc X,
chiu lién Kt don trén & 4 anh. Cac kich théc cia m laa = 254 mm,b = 508mm,h =
12,7mm;d6 cao @a gan laH=25,4mm,do rong aia ganbg 6,35mm, cu tai trong phan b déu
trén toan B bé mat tim g=0,6895 N/mrﬁ Co tinh aia gan vadp la nhr nhau (4 &p), c6 gia tr.
Ei=144,8 GPaE,=Es=9,65 GPay,, =V, =V,, = 03G1,=Gi5=4,14 GPa(,:=3,45 GPa.

Dé khao satanh hrong aia trt tw xép 16p trong &m cd gan ing arng dén kha ning
chiu udn, ta khio sat Kt ciu tim trén c6 caciu hinh nhr dudi day, Wi cac gi thiét ciu hinh
cua im va gan la ninhau va & ludi déu la 10x10.

Truong hep 1 Xét tm c6 $ 16p nhr nhau, tt ty xép 16p khac nhau: (i). Kt ciu tim
c6 ciu hinh pln d6i xang (45/-45°45°-45" : (ii). Két cAu tim c6 du hinh déi xung (-
45°145°145%-45°) : (iii). Két cAu tim c6 du hinh plin déi xang (-458/30%-30%45°) va (iv). Két
cau tim c6 du hinh déi xung (-48/30°/30°/-45°).

‘ Két qua d6 vong ki cacdiém doc theoduong trung tam X = a/2) duoc biéu dién bing
do thi trén Hinh 4 nh sau:
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—— (-45/45/-45/45)
—— (-45/45/45/-45)
—a (-45/30/-30/45)
T N (-45/30/30/-45)

Hinh 4. % bién thién @a dg véng dc theodwong thing trung tam x/a=0,5
Nhan xét:Dd thi trén hinh 4 cho tly sr anh hrong aia trét tu xép 1op trong fm dén kha
nang chu wn ladang K. Vi du nhr két cdu tim c6 mdt gan du hinh (-48/30%-30%45°) so wi
(-45°130°)s thi chénh nhauta d6 véng trung tam @ tm 1a 19,0994%. Coné ciu im diu
hinh  (48/-45°/145°-45%) so \6i (45%-45%)s chénh nhau 7,0164%,... Vi viéc lya chon ciu
hinh hop ly cho Kt cau tim cé gan &lam ting kha ndng chu ubn mot cachdang €

Trudng hep 2: Xét tim c6 $ lop. khac nhau (c&dmn déu cung chiu day) (i). Két ciu
tdm c6 @u hinh (4&9/ 45" : (ii). Két cAu tim c6 du hinh (45/-45%), va (iii). Két ciu tim c6 du
hinh (48/-45),. Két qua d6 véng ti cacdiém doc theodudng trung tam (x = a/2)ugc biéu
dién bang dd thi (Hinh 5) nhr sau:

—+— (45/45)
—— (- 45/45/-45/45)
—a—  (-45/45/-45/A5/-15/45/-45/45)

8] 100 200 300 400 508
mm

Hinh 5. % bién thién ¢ia dé véng @c theodwong thing trung tam x/a=0,5

Nhan xét: D6 thi trén hinh 5 cho #ty sir két ciu tim c6 $ lugng I5p khac nhau cho kh
nang chu ubn 1a sai éch nhau 4t [6n. Vi du nhr két cAu tim c6 1 gan &u hinh (48/450) so
Voi (450/450)2 thi chénh nhaut@ d6 véng trung tam ia tim la 31,2%. Con & ciu tam cau
hinh (48/-45%) so \6i (45%-45%), chénh nhau 37,2%. Nhay, s lugng I6p ding 1a nbt yéu t
c6 anh hrong dang K dén kha nang chu uén aia Kt cAu thm — gan. Vi gy, vay viéc lya chon
sd 16p hop ly cho Kt ciu tim c6 gan &lam ting khi ning chu ubn.

4. Két luan

Trong nghién ¢u nay, dra trén md hinh g tr tim—gan éng quéatda duoc nghién ¢u
va thiét lap trong cac nghiénan trede do [1], ching tdida xay ding thanh cong tHi toan
PTHH va clrong trinh may t|nh ing ngoén ng MATLAB. Nho d6 da tién hanh tinh toands
véi mot sd 16p cac bai toandt ciu tim composite clu udn dang tim phing va m c6 ganing
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cing. Thdng qua ¥t so sanh cacék qua nay i cac nghién eu da cong b khacda khing
dinh dugc tinhdlng ddn aia m6 hinh phn tir, cia thiit todn PTHH va clong trinhda dugc
xay dng. Diéu d6 cho phép nhém nghiérnire tiép tuc ar dung va phat tdn mo hinh phn tir
tam-gan 6ng quéat nay cho cac bai todac lap khac. Mt phan noi dung khac &ng da duoc
trinh bay trong bai bao nay la nghiéruanh hrong aia s ) phan b gan ing aing, cu hinh
xép 16p cia tim va $ luong lop ddi véi kha nang chu udn cia im compositedp co ganang
cang. Quado da ch radugc th:ng yéu t6 coanh hrong dang 1€ ¢én kha nang chiu wn cia cac
két cAu dang nay ma cacdp t6 nay én phai tinh dén trong qué trinh tét ké L

T6m tit: Dua trén mo hinh gim tir tim-gan dng tam giac &c hai, bai bacap trung nghién
cau, xay drng thuit todn PTHH va dong trinh MATLAB phuc wu cho tinh toan va phén tick ¢
hoc cac Kt cau tim compositedp c6 ganiang arng tnng phrong phap phn tir hitu han (PTHH).
CAc Kt qua s dugc thre hién cho ndt 16p cac bai toandt cAu dang im chir nhit c6 ganang amg
vé6i phrong song songdi mot biénda duoc so sanhdi cac Kt qua da cong b khacdé khang dinh
do tin ciy cia mé hinh pin tr, caa thuit todn va chong trinhda xay drng. Bén anh do, mot sb
két qua sH khao sat @ anh hrong aia sr b6 tri gan #ng aing ding nhr trat tu xép 16p dbi véi kha
nang cHu uwdn cia cac Kt ciu tim chi nhat c6 gan ing aing ding duoc trinh bay trong i dung
bai baoO day, ly thuyt tim duoc Sr dung 1a ly thugt chuyén vi bac nHit caa Mindlin.

Summary
Calculating laminate composite stiffened-plate usig finite element method

Based on the model of stiffened-plate element,ghfger is concentrated on study to build
the finite element algorithm and a program in MATR.Aanguage, which is applying to calculate
and and analyse in laminated composite stiffenatephechanical by using finite element method
(FEM). The results of some regtangular stiffenemtepproblems with the direction of blades are
same as one of egdes of plate, will be compared atiter results was made public to show the
trust of model and finite element algorithm as veallof the program. In addition, there are some
results was made to analyse effects of blades tayothe plate as well as the order of layers in
bending ability of stiffened-plate. In there, théenlllin plate theory was applyed.
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