HOI CO HOC VIET NAM

TUYEN TAP
CONG TRINH KHOA HOC

HOI NGH| CO. HQOC TOAN QUAC LAN THU XI

KY NIEM 40 NAM THANH LAP HOI CO HOC VIET NAM
VA 85 NAM'NGAY SINH NGUYEN VAN PAO

HOI NGHI

CO HOC TOAN QUOC %

LAN THU

HA NOI, 02-03/12/2022

TAP 1. Co hoc Vat rdn bién dang

% NHA XUAT BAN KHOA HOC TU NHIEN VA CONG NGHE




HOI CO HOC VIET NAM

Tuyén tip cong trinh khoa hoc
Héi nghi Co hoc toan quoc 1an thir XI

Ha Noi, 02-03/12/2022

Tap 1. Co hoc Vit rin bién dang

HA NOI, 2022



Tuyén tap cong trinh khoa hoc Hoi nghi Co hoc toan qudc lan thir XI
Ha Noi, 02-03/12/2022
Tap 1. Co hoc Vit rin bién dang

ISBN: 978-604-357-084-7
© 2022 Nha xuit ban Khoa hoc ty nhién va Cong nghé
Khéng phan nao trong xuit ban phim nay dwgc phép sao chép hay phat hanh dudi bat ky hinh

thirc hodc phuong tién nio ma khong c¢é su cho phép trude bang vin ban cua co quan chi quan.

NHA XUAT BAN KHOA HOC TU NHIEN VA CONG NGHE
Tru s6: Nha A16, s6 18 Hoang Quéc Viét, Cau Gidy, Ha Noi.
Dién thoai: 024 22149040 Fax: 024 37910147

Website: http://www.vap.vast.vn



BAN KHOA HOC
Truéng ban: Nguyén Tién Khiém.

Pho Truong ban: Nguyén Binh bure, Hoang Van Huan, Nguyén Xuan Hung, Nguyén Vin Khang,
Phan Bui Khoi, Tran Ich Thinh, Nguyén Pang T9, Do Nhu Trang.

Uy vién: Nguyén DPong Anh, Pao Huy Bich, Nguyén bang Bich, Lé Van Canh, Ngé Huy Cén,
Pham DPtrc Chinh, Nguyén Thai Chung, Nguyén Pirc Cuong, Nguyen Phong Dién, Nguyen Vian
bi¢p, Bui Van Ga, Duong Ngoc Hai, Vi Cong Ham, Nguyén Thé Hung, Nguyén Quoc Hung,
Ngb Nhu Khoa, Nguyén Viét Khoa, Nguyén Trung Kién, Tran Vin Lién, Nguyén Hiru Loc,
Hoang Xuan Lugng, Nguyén Xuan Lyu, Pao Nhu Mai, Nguyén Xuan Man, Pinh Vian Manh,
Tran Vian Nam, Ngé Kiéu Nhi, Nguyén An Nién, Nguyén Vian Pho, Pinh Vian Phong, Khiic Vin
Phu, Nguyen Thién Phuc, Pham Hong Phuc, Nguyen Trong Phudce, Le Quang, Vi Duy Quang,
Tran Qudc Quan, Lé Minh Quy, Ngo6 Van Quyét, Nguyén Chi Sang, D5 Sanh, Nguyen Hoai
Son, L& Luong Tai, Pham Manh Thang, Truong Tich Thién, Bui Qudc Tinh, Vi Qudc Truy,
Nguyén Thoi Trung, Tran Puc Trung, Tran Minh Tu, Hoang Vin Tung, L Dtrc Viét, Nguyén
Trung Viét, Pham Chi Vinh.

BAN TO CHUC
Pong Truwong ban: Nguyén Dinh Pire, Tran Vin Lién.
Phé Trudng ban: Lé Van Canh, Nguyén Thi Viét Lién, Tran Vin Nam.
Uy vién: Chu Thanh Binh, Tran Anh Binh, Luong Xuén Binh, ThéNi Hoang Chién, Pham Héng
Cong, Nguyen Tién Dung, Phan Hai Bang, Pham Tién Dat, Nguyén Phong Dién, Pham Minh
Hai, Tran Thanh Hai, Vi Cong Ham, Ha Ngoc Hién, Nguyén Quang Hoang, Hoang Van Huén,
Phan Bui Khoi, Pang Béo‘Lém, Déo Nhu Mai, Duong Tuan Manh, I:han bang Phong, Cao Van
Phuong, Vi Ngoc Pi, Tran Quéc Quén, Nguyén Hoai Son, Nguyén Hong Thai, Bang Ngoc
Thz,inh, Cnéu Dbinh Thanh, Pham Manh Thang, Nguyen Pang T, Nguyen Xuan Toan, Pham Quoc
Tuan, Tran Thanh Hai Tung.

BAN THU KY
Truwong ban: Nguyén Thi Viét Lién.
Uy vién: Vi Thi Thiy Anh, Nguyén Tién Cudong, Phan WHéi Ding, Tran Binh Dinh, Trén Thi Thu
Ha, Nguyén Quang Hoang, bang Bao Lam, Phan Thi Cam Ly, Pao Nhu Mai, Duong Tuan Manh,

Phung Van Phuc, Nguyén Tat Thing, Nguyén Kim Thoa, Pham Quédc Tuén, Tran Ngoc Trung,
Nguyen Ngoc Vinh.

BAN BIEN TAP
Truéng ban: Nguyén Tién Khiém.

Vi swe tham gia ciia: Nguyén Tién Cudng, Phan Hai Dang, Tran Binh Dinh, Nguyén Dinh Purc,
Nguyén Quang Hoang, Hoang Vin Huan, Nguyén Xuan Hung, Nguyén Vin Khang, Phan Bui
Khoéi, Bang Bao Lam, Tran Vin Lién, Nguyén Thi Viét Lién, Pao Nhu Mai, Phung Van Phuc,
Nguyen Tat Thing, Tran Ich Thinh, Nguyén Pang To, B Nhu Trang, Tran Ngoc Trung, Pham
Quéc Tuén.

iii



14. Phén tich két cau 16i nha nhiéu td‘ng 6 xét dén sw lam viéc sau dan hoi cua céc dam néi
Poan Xuan Quy, Nguyén Tién Chuong, va Nguy&n HUng PRONG...........c.coovvveeviereeeereeeeeresn.

15. Nghién civu anh huong cia thong sé cong nghé dén dg bén kéo moi han ma sdt khudy ong tru
hop kim nhom AA6061

Nguyén Hoang Linh VA NgUYEN VAN Vil.....c.ovovivieieeiieie oo e seen e sensnen
16. Phdn tich dap img déng luc ciia vé hinh loa kén bang cach sé héa dwong cong kinh tuyén
Nguyén Piang Bich, Nguyén Hoang Tung va L& XUaAn TUNE ........cooceveiueieeeiee oo

17. Phén tich phi tuyén tinh dam sandwich gia cwong GPL véi cdc diéu kién bién khdc nhau bang
phuwong phap Ritz

Ding Xuan Hing, Tran Minh T va HEONE QUY TIUOIIE «....veveeeeeeeeeeeeeee e e
18. Phdn tich vmg xir udn ciia tam vt liéu xép ddt trén nén dan hoi Pasternak trong méi trieong nhiét
Nguyén Vin Long, Tran Minh T, Lé Thanh Hai va Phan Xuan ThuC ..........c..coooovveeeenrreereernene.

19. Phdn tich 6n dinh phi tuyén tam chi nhdt bang vt liéu rong bdo hoa chdt heu trén nén dan hoi
co xét den anh huong cua nhiét do

Nguyén Vin Long, Tran Minh T8 va Vi Thi Thu TIANG ........o.ovvveeveeeeeeeeeeeeeees e

20. Phan tich tinh tam chit nhdt bdng vdt liéu rgng béo hoa chat luu trén nén dan hoi ¢6 xét dén anh
huong cua nhiét do

Nguyén Vin Long, Tran Minh T, Vii Thi Thu Trang va Dang Xuan Trung.............cocccceeeeverereen.
21. Nghién ciru sir dung mé hinh khung trong tinh todn két cdu twong kép nha cao tang
Nguyén Hai Quang, Nguyén Tién Chuong va Pham Thu Hien ...........ccoocoveveevieieeeeeeeeeeeeeeeeees

22. Dao dong cia dam Euler-Bernoulli bang vt liéu xop trong méi truong nhiét dudi tic dung ciia
tdi trong di dong

Chu Thanh Binh, Trdn Minh T4, Nguyén Vin Long va Nguyén Tudn Anh...........c.coccoveveveeveveerenans,
23. Phdn tich uén phi tuyén dam sandwich cé 16p 16i bang vit liéu FGP véi cdc lién két dan hoi
Huong Quy Truong, Dang Xuin Hung, Tran Minh Tt va Nguy&n Van Long ...........cccocoeeeveveeennnns,

24. Tinh dé vong cia dam bé tong cot thép thieong khi c6 vét nirt, xét dén anh hwéng cia tir bién va
co ngot

Nguyén Tit Thang, Tran Binh Dinh va Tran VAN LiBN...........cccooov oo,

25. Buckling analysis of corrugated-core FGM toroidal shell segments subjected to axial loads
using the first-order shear deformation theory

Do Thi Kieu My, Dang Thuy Dong and Vu Hoai Nam ..........ccceveueieriineiiieniieiee e e
26. Nonlinear vibration of FG-CNTRC cylindrical panels with corrugated core using the FSDT
Vu Minh Duc, Tran Ngoc Hung and Nguyen Thi Phuong............cccooveeciiriiiiniriienieiecieeeeee e

27. Nonlinear buckling behavior of FG-CNTRC cylindrical shells stiffened by spiral FG-CNTRC
stiffeners under external pressure

Nguyen Van Tien, Vu Minh Duc, Nguyen Minh Khoa and Vu Hoai Nam ..........cccccecovvevenieinnennnn
28. Danh gida moi cac hé $6 dan hoi cho mét 16p vat lieu da tinh thé Tetragonal

Vi Lam Dong va Pham DUc Chinh .........cccoiiiiiiiiiiiicceee ettt

viii



TUYEN TAP CONG TRINH HOI NGHI CO HOC TOAN QUOC LAN THU XI
HA NOI, 02-03/12/2022

Phan tich img x1r u6n cua tam vat liéu xop dat trén nén dan hoi
Pasternak trong méi truong nhiét

Nguyén Vin Long"?*, Tran Minh Td'?, Lé Thanh Hai?* va Phan Xuan Thuc?
"Trieong Pai hoc Xay dung Ha Ngi, S6 55 dwong Gidi Phong, Hai Ba Trung, Ha Ngi
’Nhém nghién ciru Co hoc vt liéu va két cau tién tién (MAMS), Pai hoc Xay dung Ha Noi
3Trieong Pai hoc Vinh, S6 182 Lé Dudn, thanh phé Vinh, Nghé An
“Email: longnv@huce.edu.vn

Tom tat Bai bao su dung ly thuyét blen dang cit bac ba Reddy dé phan tich tng x{r uén
trong tim bang vat liéu xop dit trén nén dan hoi Pasternak dudi tac dung cua tai trong co-
nhiét. M6 hinh vét liéu xop voi ba dang phan bé 16 rdng khac nhau: déu, khong déu ddi ximg
va khong déu bat ddi ximg dugc xem xét. Cac thanh phan chuyén vi, bién dang, ing suat va
ndi luc cta tim chir nhat, lién két khép trén cac canh da dugc xac dinh bé’mg cach su dung
dang nghiém Navier. Sau khi thyc hién vi du kiém chung ddi véi tm bé’mg vat liéu déng
huéng va vat liéu réng, anh hudng cua tham sb vat liéu, kich thude hinh hoc, nén dan hdi va
tai co-nhiét dén do vong dugc khao sat qua cac vi du s6.

Tir khéa: TAm vt liéu xép, ung xu udn, ly thuyét bién dang cit bac ba, tai co-nhiét, nén dan
hoi.

1. M& dau

Vatliéu xép hay vat liéu rong (FGP - Functionally Graded Porous Materials) dugc st dung
rong rdi trong nhiéu nganh cong nghiép nhu: dong tau, giao thong van tai, hang khong vii try, xay
dung dan dung,... Trong do6 cac 16 réng phan bd theo mot quy luat nhat dinh, c6 thé khong thay
d6i hodc bién d6i tron lién tuc theo mot phuong bat ky trong két cau. Pay 1a loai vat liéu nhe, co
kha nang hép thy ning luong tot, nén thuong duoc sir dung de ché tao cac két ciu sandwich, tm
tuong, tim cach am, cach nhiét va hép thu nang luong. Vi tlem nang ung dung nhu vy nén cac
nghién ctru vé tmg x1r co hoc cuia cac két cau sir dung vat liéu x6p noi chung va tim, vo bang vat
liéu xOp noi riéng thu hit dugc sy quan tdm cua cac nha khoa hoc trong va ngoai nudc.

Str dung 1y thuyét bién dang cit bac nhét va 1y thuyét tim cd dién Tran Minh Ta va cs. [1-
6] da phan tich ing x1r tinh, 6n dinh va sau 6n dinh cua tim béng vat liéu Xép, cac tinh toan dugc
thuc hién véi hé toa do quy chiéu di qua mat trung binh hodac mat trung hoa. Cac khao sat sb cho
thdy anh huong khong thé bo qua cua tham sé vat liéu, kich thudc hinh hoc va tham s6 nén dan
hdi dén d6i tugng khao sat. Magnucka-Blandzi [7] phan tich tinh va xéc dinh lyc téi han cho tim
tron béng vat liéu x0p lién két khép trén chu tuyén chiu tai trong uén déi Xung tryc va tai nén
phan bd deu trong mat trung binh. Magnucki va cs. [8] khao sat img xur udn, va xac dinh luc t6i
han cua tam chit nhat bang vat liéu x6p chiu nén trong mit trung binh. Sir dung 1y thuyét bién
dang cit bac ba (Third-Order Shear Deformation Plate Theory - TSDT), Arani va cs. [9] phan tich
dao dong tu do ciia tim vat liéu xOp trén nén dan hdi Winkler. Leclaire [10] phan tich dao dong
riéng ctia tim mong chir nhat bang vat liéu x6p ¢ trang thai bao hoa chat 1ong.

Phan tich anh hudng ctia nhiét do dén su lam viéc cua két cau trong moi trudong nhiét do
cao, ludn 1a van dé nghién ciru co tinh thuc tién cao. Str dung 1y thuyét bién dang cat bac nhét, co
ké dén thanh phan bién dang phi tuyén von Karman, Reddy va cs. [11] phan tich tinh va dong tim
P-FGM (vat liéu c6 co tinh bién thién) c6 ké dén anh hudng cua nhiét do bang phuong phap phan
tur hiru han (PTHH). Na va Kim [12] str dung phuong phap PTHH-3D, phan tich tmg xtr udn phi
tuyen cua tdim FGM chiu tac dung dong thoi cia tai co-nhiét. Zhao va Liew [13] phan tich phi
tuyén tim FGM chiu tac dung cuia tai trong co-nhiét bang phuong phap kp-Ritz khong ludi (mesh-
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free kp-Ritz method). Ap dung Iy thuyet bién dang cit bac ba (Third-Order Shear Deformation
Plate Theory - TSDT) va ham tmg suat, Duc va cs. [14] phén tich 6n dinh nhiét phi tuyén cta tim
FGM trén nén dan hoi. Trén co sé ly thuyét TSDT va st dung ky thuat ham phat (pertubation
technique), Yang va Shen [15] phan tich phi tuyén “Umg x1r u6n cua tam FGM chiu tac dung cua
tai trong co-nhiét. Cong va cs. [16] st dung ly thuyét TSDT, phén tich 6 6n dinh co-nhiét phi tuyén
va sau 6n dinh cta tim FGM c6 vi bot rdng, dit trén nén dan hoi.

C6 thé thdy rang cac nghién ctru vé tAm vat liéu xp chiu tai trong co-nhiét con chwa nhiéu,
cht yéu méi dimg lai & cac bai toan phan tich tinh, dao déng va 6n dinh ma khong xét dén anh
hudng cua nhiét do. Do vy, muc dich cua bai bao 1a s dung ly. thuyét bién dang cit bac ba
(TSDT) va dang nghiém Navier dé phan tich ing x\r tinh ciia tAm bang vat liéu x0p lién két khép
trén chu tuyén dat trong mdi truong nhiét. Anh “hudng cua ba dang phan b6 16 rdng: déu, khong
déu d6i xtng va bat dbi xtmg, hé sé mat do 16 rong, dang tai trong uon, kich thude hinh hoc, nén
dan hoi va tai trong co-nhiét do dén do vong cua tam FGP s& dugc khao sat.

2. M6 hinh tim bing vat liéu xop

Xét tdm chir nhat FGP ¢ chleu day h, kich thudc theo phuong cac truc x, y 1a a (chiéu dai),
b (chidu rong) Tam duogc dat trén nén dan hoi Pasternak (Hlnh 1) v6i cac hé sb nén: K, - hé s6
d6 cimg udn (Winkler stiffness), Ky(i = x, ) - hé s6 do cung cét (shear stiffness).

Hinh 1. M6 hinh tim chit nhat FGP trén nén dan hdi Pasternak

Céc hang s6 vat liéu (P) dugc gia thiét phy thudc nhiét do va co thé biéu dién [17]:
P=R(P,T +14+ RT +PT* + PT’) (1)
v6i By, P, B, P, va P, 1a cic hé s6 cua nhiét do T (d6 Kelvin); T =T, + AT, To =300 K (nhiét 46
ban déau).

Trong bai bao nay, Hé s6 Poisson va hé s6 gidn nd nhiét dugc coi 1a khong thay doi theo
toa d6 chiéu day: v(z) = conts;a(z) = conts [18]. Trong khi cac hang s6 vt liéu: modun dan hoi
kéo - nén va moédun dan hoi truot bién thién lién tuc theo chiéu day tam, phu thudc vao mat do
phan bo 10 rong [19, 20]:

Phén b6 déu:

(E(T),G(T)} ={E,(T).G, (T)}(1-e0x); FL_L(E 1-e0-3+1) @
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Phin b8 6 ximg: {E(: 761} = (7).6, (1) 1 o 22 ®

Phan b bét déi ximg: {E(z,T),G(z,T)} ={E,(T),G,(T)} [l ~ COS(% * %ﬂ @

trong d6 E,(T),G,(T) lan luot 14 cac gid tri 10n nhat cia médun dan hdi kéo - nén va modun
dan héi truot; E,(T),G, (T) 1a céc gid tri nho nhat trong timg G, = Ei/[2(l + v)]
3. Ly thuyét bién dang cit bac ba ciia Reddy

Str dung 1y thuyét bién dang cit bac ba (TSDT), cac thanh phan chuyén vi u, v, w cua diém
bat ky ¢ toa do (x, y, z) trong khong gian tim [21]:
o, (x, y) } ‘

u(x, y,z)zuo (x,y)+29x (x,y)—(:123 {Qx (x,y)+ 3 ;
X

ow, (x,y)} ®)

v(x, y,z)zvo (x,y)+29y (x, y)—clz3 {ey (x,y)+ Py ; w(x, V, z)=w0 (x,y)

trong d0: ¢, =4/3h*; uy,vy,w, la cac thanh phan chuyén vi ctia diém trén mit trung binh theo cac
phuong x, y, z; 6,,6, 1a cac goe xoay cua phap tuyén mat trung binh quanh hai truc y, x.

Céc thanh phan bién dang tuyén tinh nhén dugc tir quan hé bién dang - chuyén vi:

&y g)(c) K, K; 0 *
_ 0 3 * . 7xz _ 7/xz 2 7xz
£, (=1& (21K, t+Z 1K, ¢ s (71,0 +z°9", (6)
0 P * yz yyz yyz
yxy 7/xy Xy ny
trong do:
Oty
&, Ox 0 Mo, 0, . Mo, 0,
0 Ovo Vxz ox Vxz ox
S N R W N R P e AT
0 Y Ve |2+, U= —2+0,
7o) o, o y y
oy Ox
20, 00,  &w,
2
K 6x K'; ax 62)6'
U0 B W e S i SR )
’ R A v o
KX KX
g % + % g % + % +2 azﬂ
oy Ox oy Ox Ox0y

Cac thanh phﬁn ung suat dugc xac dinh tr dinh luat Hooke:
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0 1
(o o1 9 Ex o | [ Oss 0 ||y
0 0 0 vz Q44 7yz
oy Os6 J| |7
E(z VE Z) E(z
trong do: 0, =0, = ) ) s Q=05 = ( s Ouy =055 =0 = P
1-v V (1 +v )
Tich phan cac thanh phan tng suét theo chiéu day cua tAm ta nhan duogc cac thanh phan noi lyc:
Ne M, Mx w2 | Cx | w2
* X X O-XZ
N, M, M,|= [ 4o, [1 z zﬂdz; Q Q* = | { }[1 zz}dz (8)
o | o, O, O | -w2l%:=
N, M, M, .
Lién hé gitra ndi luc va bién dang:
N &? N xT
Ay Ay By, B, 0 Dy D, 0 0 NT
N, £, y
N Ay Ay By By 0 Dy Dy 0 o NT
Xy 0 0 A4, 0 0 By 0 0 Dgll% o
M T
Mx By B, 0 ¢ C, 0 E; E, 0 || M,
T
Yi=|By By 0 Gy Cp 0 E, Ey 0 (3K -9 M0
M, 0 0 Bg 0 0 G 0 0 Eg|lxy| |p?
M, Dy D, 0 E; E, 0 G; G, 0 : Vel
M ; Dy Dy 0 E, Eyp 0 Gy, Gy 0 P M);T ©)
' 0 0 Dy 0 0 Eg 0 0 Ggll ! y
X - } K T
Y v M
0
o 4s 0 G5 0 7 ’SZ
o 0 Ay 0 Cul)7
O, Cs 0 Ess 0 ||y
* 0 C 0 E *
Qy 44 44 Vye
h/2
trong do: (AU,BU,CU,DU,EU,GU) j Oy (1,2,22523,24,26)512, ij =11,12,22,66;
—h/2
hi2 -
(Azla l]a ): J. Ql](l,Z :Z )dZ, l]:44955>
—h/2
T T *T
N); MXT M:T wa |0 3 v |l EaAT 3 : Ty T 3T
N M) M= ] {0+ 0y faAT[1 2 2 dz= [ 1 — (12 2 Jaz= 1[N MT M.
NT M7 sy | T2 0 W20 0

xy Xy xy
Hé phuong trinh cin bang cua tdm theo Iy thuyét bién dang cét bac ba c6 dang [22]:
oN, ON,, oN, N

X +_

=0; Svy:——+—==0;
o oy e Ty (10)

Ouy
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2t ML, M 0. 0 2 2
Swy ¢ aA/le 22— — |+ O | % —wa0+sta Mo,k 9 +g=0
Ox Ox0Oy oy Ox Oy Ox

M. OM, ) - oM, oM, -
5.9x:a 2 1-0 =0; 50, : L+—2|-0,=0
ox Oy 7 ox Oy 7

trong d6: M, =M, —c,M;; ij=x,p,xy va 0=0-¢0; i=xy.

_Thay lién h¢ gilta cac thanh phan noi luc va chuyén vi vao (10), ta dugc hé phwong trinh
can bang theo chuyén vi:

2 2
0 uy 0 uy

2 2 3 3
Ty gg 2Y0 4 4, T _p, | S0 OV
y X ox“0y Oy

_ &%, - &9, _ 2’9, ON.|

+ By

- _ 0%
+(C66 —¢1Egg )aay_eszr(CzCéqs — Ass )ex +(C12 _ClElz)_y

2 3 3 r T
) _(&w Ow  —\ow, oM oM
+(Cy6 — 1 E, -c 2 & |+ (cyCss — A5 ) —> 0/
( 66 €1 66) P 11( o axayz] (2 55 55) o o
- dfuy = 0tuy = % v (= = 9%,
Bgg—2+ B, —>+ By 20 +B,, 20 +(C66 _CIE66)
Ox0y Ox0y ox oy Ox0y
20 0, - - 0%
+(C12 CIE12) (C66 C1E66) ny +(C22 —ClEzz) i
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trong d6: B, = B, —¢,D,

ij >

Ci/‘ = Ci/’ —cE;;

j» By =E;—¢G

i

i =11,12,22,66;

A =A;—c,Cy; Cp=Cy—c By ij =44,55.

i ij ij i
4. Loi giai giai tich
Vi tAm chit nhat bdn bién tua khop co chiéu dai a, chiéu rong b, cac diéu kién bién c6 dang:

Taix=0vax=a: vy=0,w,=0,6,=0,N, =0, M, =0;M, =0;

_ (12)
Taiy=0vay=b: uy=0,w,=0,0, =0,N, =0, M, =0,M,, =0.

Khai trién cac thanh phan chuyén vi va tai trong co-nhiét theo dang nghiém Navier dé thoa
man cac dieu kién bién (12):

8

{uo (x,y) 0, (x,y)} = i {Umn CDmn}cos Axsin uy;

m=1n=1

{vo (x,y) 0, (x, y)} = i i {an ‘I’mn}sinﬂxcosuy;
m=1 n=1 (13)

wo (%,3)= X X W, sinAxsiny; g =3 Y q,,sin Axsin uy;

m=1n=1 m=1n=1

{NT M’ M*T}:ii{NoT Mg M;T}sin/lxsin,uy;
m=1 n=1

) Thay (13) vao hé phuong trinh can bang theo chuyén vi nhan duoc tir (11); nhom cac hé
s0, hé phuong trinh can bang dugc dua veé dang ma tran, Vm,n:

_ - 124
Sit Sz Si3 S Sis || Up 0 1
Sp1 Sy Sz Saa Sas || Vi 0 FZT
S50 51 533 S S35 (S W (=D (VB S (14)
Sa1 Saz Saz Sas Sus || Do 0 F
| S51 Ssp Ss53 Ssq Sss | Yo 0 FsT

trong d0: s, = 4, A% + A1’ S12 = (Aip +Aes ) AL 513=_ClD11/1(ﬂ~2+ﬂ2)5 S1a = By A® + Bet*;
B n . 2 2, 2 2). n n .

815 :(Blz +366)/1,U: Sy = Ase A+ Ay 173 553 == Dy (’1 TH ),524 2(321 +B(>6)/1#»
— — 2 — — —

$25 = BggA® + Byt 533 :C12G11(/12 +,U2) +(A44 _6’26144)0b2 +A44ﬂ2)+KW+st/12 +Ksy/12;
— — 2 2. > —~ 2 2.

534:(A55 _02(755)/1_61}511/1(/qb TH ), 835 :(1‘144_C2C44)/U—C1E22/U(/1 TH ),
v S L F a2 2 = 2.7 2). = o7 ,

S4q = Ass = Css + GA” + Ceott” = (Ell}L + Ego ), S45=(C12+C66)/1/1_CI(E12 +E66)/1/1,
7 S F 2. 2 a2 7 . 2).

Sss = Agg =€y Chy +CeoA™ +Cppp” —¢ (E66/1 +Eyu ), F' =AN[; Ff = uN{';

E = ( A2+ 2 \MyT 5 E =AML —eMy™); F = p(M] - M7 );

3 =G\A TH My 5 Ly 0o —GaMo |5 f's = H\Mg Mgy )

Nghiém cua hé phuong trinh dai sb (14) 1a vécto chuyén vi U Vo W,

mn>" mn>"" mn’

@, ¥,,}; tu
d6 xac dinh duogc cac phén chuyén vi, bién dang, ing suét va ndi luc cho bai toan phan tich tinh.

mn?
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5. Két qua s va thao luin

Trén co s& Iy thuyét da trinh bay & trén, cac tic gia da viét code chuong trinh may tinh trén
neén Matlab dé khao sat ung xtr tinh cta tam chitr nhat FGP bon bién tya khop trong moéi truong
nhiét. Vat liéu bot kim loai (SUS304) véi cac hé so phu thude nhiét d6 dugc cho trong Bang 1.

Bang 1. Cac hé s phu thudc nhiét do cta vat lidu thudn nhat [23]

Vatliéu | Hingsd | Po P, | P P> P; | P(T=300K)
SUS304 | E (Pa) 201,04et9 [0 [3,079e-4 [ -6,534e-7 |0 [207,7877e+9
a(1/K) [12330e-6 |0 [8,086e-4 |0 0 |15321e-6
v 0,3262 0 [-2,002e-4 [3,797e-7 |0 ]03178

5.1. Vi du kiém chitng

Xét tam vudng dang hudng (b =a = 100A) lién két kh6p 4 canh dudi tic dung cua trudng
nhiét phan bd theo quy luat ham sin & mat trén tdm va thay doi tuyén tinh theo chiéu day tim:
AT =T,z sin 2> SmTy' Trong bai toan ndy, co tinh cta tim duogc gia thiét khong phu thude nhiét

a

d6: E = const; o = const; v =0,25. Cac cong thirc khong thir nguyén dugc st dung bao gém:

L w(géj' (3'——1 0[222)' i=x,y,X
wdT, \2°2) 7" hEar, "\2°2°2) P

Do vong va cac thanh phan ing suét khong thir nguyén cua tam dwgc tinh toan va trinh bay
nhu trong Bang 2. C6 thé nhén thay, cac ket qua thu dugc trong bai bdo v6i a/h = 100 hoan toan
trung khép voi két qua ctua Reddy [21], ciing sir dung nghiém Navier nhung 1a 1y thuyét tAm
co dién.

=

(15)

Bang 2. Kiém chimg d6 vdng va tmg suit cua tim déng hudng dudi tac dung cua tai trong nhiét

Nguon W G, 6, 6.,
Reddy [21] 0,0633 -0,25 -0,25 -0,25
Bai bio 0,0633 -0,25 -0,25 -0,25
3
Bang 3. thé hién két qua d6 vong khong thir nguyén w= 1—4w0 (ﬁ,—j clia tim vudng
qpa
bang vat liéu xdp, phan bd khong déu bat di ximg (E1 = 69 GPa; v = 0,25) lién két khép 4 canh,

chiu tac dung cua tai trong udn phan bb déu go = -10* Pa, vdi cac ty sé kich thude tim a/k = 5;
10; 20.

Bang 3. Kiém chimg do vong khong thit nguyén w cua tim vudng rong

e Nguon ah=>5 a/h=10 a/h =20
eo=0 | Ebrahim va Habibi [24] 0,05398 0,04774 0,04618
Bai bao 0,05453 0,04791 0,04625

e0=0,2 | Ebrahim va Habibi [24] 0,06120 0,05405 0,05226
Bai bao 0,06213 0,05450 0,05259

Céc két qua ciia bai bao dugc so sanh véi Ebrahimi va Habibi [24] ciing st dung 1y thuyét
bién dang cit bac ba ciia Reddy nhung theo phuong phap Phén tir hitu han [25]. R& rang 13, véi
ca 3 gia tri cta ty s6 kich thude tim a/h, cac két qua cua bai bao déu phu hop véi két qua cua
Ebrahim va Habibi.
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5.2. Khdo sdt anh hwong cia cdc tham sé vt liéu, hinh hoc, nhigt dé va nén dan hoi
lén wrng xwr uon cua tam chir nhdt vt liéu xop
Xét tim chit nhat vat liéu Xép (SUS304 foam) lam vi¢c trong moi truong nhiét, lién két

khép 4 canh, dat trén nén dan hdi, chiu tac dung cua tai trong phan bb. Cac cong thirc khong thir
nguyén st dung dudi dang [26, 27]:

_ . EN b (a b K,d* K,a* Kb
{w(x),w }z T %S bYW oo [ Ko = 3570 3 y3 140 = a,E; (16)
4o 2 22 Evh Evh Vs Esh Vs

trong d6 Es, vs, o, twong tng la gia tri cua E, v, a cua vat liéu thuan nhat & nhiét do phong T =
300 K.

Bién thién do vong w tai mat cit y = b/2 cua tam chir nhat vat liéu Xép v6i ba quy luéat
phén b6 16 rong khac nhau chju hai truong hop tai trong udn phan b, dugc thé hién bang cac do
thi trén Hinh 2. C6 thé thiy rang, quy luat phan b6 16 rong da anh huong dang ké 1én do vong,
trong ca hai truong hop: tai phan | bd déu va tai phan b hinh sin. Phan bd 16 rong khong déu dbi
xung c6 dg vong nho hon dang ké so v6i hai quy luat phéan b6 déu va phan bd khong déu bat dbi
xung (hai quy luat phan bb déu va bét ddi xtmg cho két qua d6 vong khac nhau khong nhleu)
Ngoai ra, véi cung cau hinh vat li¢u, tai phan b6 déu ludn co do vong 16n hon so véi tai phan )

. 4 A . ™~ 4 . p—
hinh sin. Vi du nhu, trong truvong hop phan bo déu: tai phan bo hinh sin c6 w, ., = 0,0836 trong
Loy
s iat 1A 1 A A, — _ P < 0
khi d6 tai phan bo déu c6 w,,, = 0,1307 (40 vong tdng 56,45%).

0.14 0.09

0.12 F /,/ """"""" \\ 0.08 | ‘/,—— ----- \\\
/o \ 0.07 /oo

0.1+ Z28ns ~ e NI
L N 0.06 | L7 S
7’ A N 7 N

0.08 | % . 005 - K .

E] ’ AN ] ’ \
0.06 - o . \ 0.04 | 7 e s
! ’ Tii phan bé déu: \ , Tai pha-n bo hinh sin: \
,' ¢, =05 ah=10,ba=15 | 0.03 - a ¢ =05ah=10,bla=15
0.04 |- =] =0: =
A Kp=1p=0; AT=0 \\\ 002t S Komlom G AT=0

002t 4 —— Phan bé déu \ / —— Phan b déu \
- = Phan bé déi ximg 3 0.0LF - ~ Phén bd dbi xtmg
—-—-Phén b bt dbi ximg ~-=-Phan bé bt dbi ximg

Hinh 2. Bién thién d6 vdng w cua tAm véi cac quy luat phan bd 16 rng khac nhau

T T 0.4 —
0.16 P— 1 AT=0 ——Phan b6 déu
o014l e . |- AT=300K - = Phan bé ddi ximg
- A e N |- AT=500K 035 |—-—-Phan bd bit dbi ximg Y/
! ’ g S AN PR /
0.12F S SN 0.3 L Téi phan bd déu: y
‘,’ SN a/h=10,b/a=1,5; Y/
L Ly A K, =J =0; AT=300K /
0.1 7/, SN 02sf 0 70
!y N\ %
- /e \\'\ 2
|2 0.08 7 N oal
/'I/ '
0.06 Y N
VY G 015} e
0041 \
W Phan bé bt déi xing, tai phan bd déu: \ 0.1k
0.02 F e0=0.5: a/h=10,b/a=l,5;K0=J0=0 \.
0.05 : :
0 L L | L 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0 0.2 0.4 0.6 0.8 ¢
x/a

. .
0.2 0.4 0.6 0.8 1
x/a

(a) Tai phan b déu

. .
0 0.2 0.4 0.6 0.8
x/a

(b) Tai phan b hinh sin

Hinh 4. Anh huong ctia hé sd 15 rdng va quy
luat phan b 16 rdng 1én d6 vong w cua tim

Hinh 3. Bién thién d6 vong W cua tdm véi
cac muc thay ddi nhiét do AT khac nhau
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Hinh 3 1a d5 thi khao sat anh hudng cua nhiét do dén do vong khong thir nguyén w cua
tam x0p v6i phan bé 16 rdng bat ddi xtmg tai mat cit y = b/2. Két qua trén do thi cho thiy do vong
khong thir nguyén cua tim ting khi ting nhiét d6 méi truong AT. Chang han nhu, khi AT = 0:
W = 0,1280, va khi tdng nhiét o0 moéi truong 1én khi AT = 500 K: w,_. = 0,1558 (d6 vong
tang 21,75%).

Hinh 4 12 6 khao anh hudng cua hé s6 rong €, 1én do vong khong thir nguyén w cla tim
x6p cho ba trudng hop phan b 16 rdng. RS rang 13, khi mat do 15 rong ting, do cing cua tAm
giam dan dén do vong tang; h¢ so rong cang 16n thi anh hudng cua dang phan bo cang rod rét. Tam
phén bo 10 rong khong déu doi xtrng mang lai hi¢u qua tot nhat khi dem lai kha nang chong uon
cao nhat cho tam so v6i hai quy luat phan bo con lai va do d6 ludn cho két qua do vong nho nhat.

0.14
0.12
0.1

0.08

w

0.06

RN
0.04 1 ‘\\223\§t§\§:t\:t\“
paniet

0.02

co
\

) K,

Hinh 5. Anh huong ciia nén dan hoi lén do Hinh 6. Anh huong cia kich thude hinh hoc
vOng w cua tam x0p phan bo bat d6i xing 1én d¢ vong w cua tam xO0p phan bo
bat doi xtimg

D) thi so sanh anh hudng cua cac tham sb nén dan hoi 1én d6 vong khong thir nguyén w
clia tAm v4t liéu xOp, phan bd bt ddi ximg (a/h =10, b/a=1,5; eg=0,5; AT =300 K; tai phan bd
deu) dugc thé hién trén Hinh 5. C6 thé thay rang: khi tang cac hé so nén dan hoi (tang Ko, Jo) lam
cho d¢ cimg cua tAm ting, ddn dén d6 vong cua tAm giam; d vdng w giam nhanh khi cac tham
sb6 nén Ko, Jo tang trong khoang [0, 50]. Vi dy, khi Ko =Jy = 0: w:nax = 10,1380, va khi cac tham
so nén tang 1én Ko =Jo = 50: w, . = 0,0054 (39 vong giam 96,09%). Ngoai ra, chii ¥ rang, khi
hé sb nén Paternak du 16n (Jo — 50), anh huong cua hé gé nén Winkler gan nhu khong dang ké;
trong khi do (;I(f) vong van giam dang ké khi tang hé so nén Pasternak mac du hé so nén Winkler
la 16n dang ké (Ko — 50).

Hinh 6 thé hién anh huéng cta kich thude hinh hoc bao gom ty s kich thude tim a/k va
ty s6 kich thudc canh b/a 1én d6 vong khong thir nguyén w' cua tam vat liéu x5p, phan bd bat doi
xtng (Ko =Jo = 0; eo=0,5; AT =300 K; tai phan bd déu). Do vong khong thtr nguyén w' cia tAm
vat liéu x6p tang lén khi tang ty so kich thude canh b/a; va giam nhe khi tang ty s6 kich thude
tam a/h.

6. Két luan

Bai bao xdy dung co so 1y thuyét va thuat toan phan tich ing xtr udn ctia tim chir nhat vat
liéu x0Op dat trén nén dan hoi dudi tac dung cua tai trong co-nhiét, sir dung ly thuyét bién dang cat
bac ba Reddy. Nghi¢m giai tich dugc thiét 1ap cho tam lién két khop trén chu tuyén cung chuong
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trinh tinh viét trén nén Matlab duoc kiém chtng, cho thiy du do tin ciy. Cac khao sat sb cho thiy
anh huong ctua tham so vat li¢u, tai trong co-nhiét, kich thudce hinh hoc va nén dan hoéi 1én do
vong cua tam. Céc két qua khao sat s6 cho thay:

- Quy ludt phan b 16 rdng khong déu ddi xtng ludn cho két qua d6 vong nho hon so voi
hai quy luat phan bo con lai;

- Khi ting nhiét d6 méi truong, ty s6 kich thude tim b/a hodc ting hé s6 1 rdng eo, dd vong
cua tam tang;

- Khi tang d¢ cung cta nén dan hoi, d cing cua két cau tam tang, do vong cua tam giam.

Céc két qua khao sat thu dugc 1a tai liéu hitu ich cho cong tac nghién ctru, thiét ké, thi cong
va bao tri cac ket cau tam lam bang vat li¢u x0p trong mai truong nhiét.
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