TAP CHi PHAT TRIEN KHCN, TAP 8, S0 12/2003

DAO PONG CUA VAT RAN VA THANH PAN HOI
VOIRANG BUQC PAN NHOT 6 MAT BEN

Nguyén Phii Vinh
Khoa Cong Nghé Thong tin, Trudng Cao Pdng Céng Nghiép 4 Tp. HCM
(Bai nhdn ngay 05 thdng 5 ndm 2003, hoan chinh sita chita ngay 05 thdng 7 ndm 2003)

TOMTAT: Trong bai bdo nay ching t6i khdo sdt dao dong ciia var rdn va
thanh dan hoi, vt rdn khéi lugng M chuyén déng véi van téc ban ddu Vy ,cham vao
mt thanh c¢6 chiéu dai L, qua by phdn gidm chdn c6 dé citng k. Pdu kia ciia thanh
fita trén mgt nén cing dan hoi, thanh chiu mot lyc ma sdt dan hdi nhét chung quanh
mdt bén. Bdu tién chiing 16 thiét Idp hé phuong trinh vi phan chuyén déng ciia hé, sau
dé diing mt so do sai phan theo bién thoi gian dwa bai todn vé mét hé phuong trinh
elliptic, tiép theo chiing t0i gidi xdp xi h¢ d6 bing phuong phdp phdn 1t hitu han cdp
m@t. Cudi cing ching t6i minh hoa thudt gidi sé trén mét vi dy cu thé va cai dat thudt
gidi bding MATLAB.

1. Mé dau

Ta xét mot vat rin khéi lugng M chuyén dong v6i van toc ban dau ¥, khi va cham
vao thanh c¢6 chiu dai L qua bd phdn gidm chan gidn & dau thanh c6 d6 cing k. Piu kia
clia thanh wa twén mdt nén cing. Gid thi€t & mit bén, thanh chiu luc ma sdt dan nhét va
ngoai hyc phu f(x,r). Luc ma sdt dan hdi nhét duge xap xi nhu lyc khéi. Khi dé do dich
chuyén doc u(x,r) thda phudng trinh séng

u, —au +Ku+du, = f(x,0), 0<x<L,1>0, (1.1)

trong d6 a =/ E/p 1a van 8¢ truyén séng dan hoéi cla thanh; K = Kyr/F, A= 4;r/F, v6i r
va F lan luot 1a chu vi va dién tich cda thiét dién ngang; K|, A, 1an lugt 1a cdc hé s6 lyc
cdn dan hdi va nhdt § mat bén.

Ngoai ra con ¢6 cic diéu kién bién

o, = Eu,(0,t)=-P(t), tai diu thanh x =0, (1.2)

u(L,t) =0, tai diu thanh x = [, (1.3)
va cdc diéu kién diu

u(x,0) =y (x), u,(x,0) =1 (x). (1.4)

Luc dan hdi P(f) tdc dung 1én dau thanh x =0 thda man bai todn Cauchy cho phuong
trinh vi phén thugng[1]

k k
P/’(r)-bHP(I):—}—u“(O,I), >0, (1.5)
P@©)=F, Pl(0)=F,. (1.6)

Tir (1.5), (1.6) ta biéu dién P(r) theo k, M, F, B, B 7,7, u,(0,r) va sau khi tich
phén tirng phan, ta dudc
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P(t) =[P(0) + ~k—i70 (0)]cos(ar) +[ P’ (0) + fiz"fl oy Sdet) Hf‘Eu(o,:)
(1.7)
—;—) jsm [(t — 5)]u(0, 5)ds, véi@ = JE/M.
0
Bling viéc khit 4n ham P(f), ta thay diéu kién bién (1 2) bsi
Bty 0.0) = 1By + £ 7, 0)eostan) - (7 +-£ 14
(1.8)

!
+ iu((),t) - _IE_CP_ _[sin[co(t —5)]u(0, 5)ds.
F F g
Khi d6, ta dua bai todn (1.1) -(1.6) vé bai todn (1.1), (1.3), (1.4), (1.8).
Y nghia vat 1y cla bai todn 1a mo hinh mgt mot bia mdy dong coc bé dng, trén dau coc
¢6 bd phan gidm chdn, chung quanh coc chiu ma sit dan hdi nhdt, tdng quat hon né chiu
thém mot e phu. Pau coc kia khi déng coc gip phdi nén dd cing ching han.

Trong [3, 4, 5-10] cdc tdc gia da nghién ciu sy tdn tai va duy nhat nghiém cia bai
toan (1.1), (1.4) v6i diéu kién bién va s8 hang phi tuyén F = F(u,%,) c6 nhiing dang khéc
nhau. ,

Trong [5-7] Long, Pinh dd xét bai todn véi diéu kién bién hon hop khong thuan nhat

u,(0,0) = g(0)+ hu(0,0), u(L,r) =0, (1.9)

trong d6 k> 0 1a hiing s8 cho trudc va trong [8] vdi diéu kién bién sau day tdng quat hon:
; i
u,(x,0)=g()+hu(0,1)~ J.k(t —s5)u(0,8)ds, u(1,1)=0. (1.10)
0

Vi s6 hang phi tuyén t8ng quat F =—F(x,t,u,u,,u,), cdc tdc gid Long, Diém [3, 4,
9, 10], da dung k¥ thudt x4p xi tuyén tinh dé thi€t 1ap mot dinh 1y 16n tai, duy nhit mot
nghiém dia phuong cho bai todn (1. 1), (1.4) v6i f(x,6)=0 va véi diéu kién bién hdn hgp
thuan nhat
u,(0,6) = hyu(0,1) =u, (L,O)+hu(,)=0, (111}
trong d6 hy >0, hy =0 la céc hing so.

Trong [2] Bergounioux, Long va Dinh dd nghién ctfu su tdn tai va duy nhit nghiém
ca bai todn (1.1), (1.4) v6i di€u kién bién

u, (x,0)=g(t) +hu(0,0) - Ik(t —)u(0,s)ds, u (1,t) =—-Ku(l,)— Au,(1,t)=0,(1.12) trong

0
dé K, 20, A, >0 la cdc hing sd.

Bai ndy trinh bay thudt gidi s6 cho bai todn (1.1) -(1.6). Pau tién chiing t6i ding médt
sd dd sai phan theo bi&n thi gian dwa bai todn vé mdt hé phuong trinh elliptic, sau d6 chiing
(6 gidi x4p xi hé d6 bing phuong phap phdn (¥ hitu han cdp mdt. Cudi ciing ching t6i minh
hoa thuét gidi trén mot vi du cu thé.

2. X4p xi sai phan theo bién thdi gian
pat ¢ =iAt, i=0,1,..,N, At =TIN, P=P{;), u{xy=u(xi;).

Ta xap xi cdc dao ham theo bi€m thdi gian
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Pu’ (t;) = P(tr)_AtP(ri‘—l) - P; ;:Dl—l , u{ (X,Il') =~ ?‘[('x,tj')_Az;(xstjm]) — uf(x) _A‘-:l[_l(X) i
w (%) = 2u;_ (X)) +u;_o(X) _ P -2P_+P_,
g == ;Ait)z R

X4&p xi sai phan cho hé (1.1)- (1.6)
u;(x)—2u; 4 (xz) +u(x) azu"-’/ () + Kt () + A. u; (x) —u;p (x)
(AD) At

=fi(x)=f(x0), 2<i<N,

2.1)
() = o), U g ) 2.2)
u,(L)=0,0<i<N, _ (2.3)
¥ —2Piw12+Pi—2 +_k_P‘_ __ ki (0)=2u;, (02)“‘;—2(0) a<i<N, 2.4)

(Ar) M F (Af)

- P-P =
P =P, +—L=P,. 2.5
0="o A7 1 (2.5)

Vi€t lai hé (2.1)-(2.5)

—u,’-'/ (x) +au;(x) = Fi(x), 0 <x <L, (2.6)
ul (0)= Bu;(0)=G;, u;(L)=0,2<i<N, (2.7)
1 k 1
a:—lz—[K+11—+ 2};535—1("“—“‘, (2.8)
a Al (A 1+ (An)?
M
Q+AAu_ —t,, 1 .
F(x)= e XY, RS SN 2:9
() ann)? azf() (2.9)
G, = B2, O) 4,2 = =(@P = P)L 2SI SN, (2.10)
g (¥) = Tl (x), 1y (x) = T () + Atih(x), Py =Py, B =Py+AMtP, (2.11)
Thuit gidi:

Budc I: Cho truSe ug(x) =g (x), w(x)=1g(x)+Atu(x), = Py, P =Py+Ath,.
Tim u,(x), P, 12 nghiém cla bai todn:

—ug(x)+au2(x)=F2(x), O<H< L, (2.13)
ub (0) = Bu,(0)=G,, uy(L)=0, L (2.14)
2+ AADu (x) +up(x) 1
Fy(x) = G 2 2.15
(%) ™ A (2.15)
: F
Gy =ﬁ[—2“:(0)+uo(0)—;(2f’1 - Ry, (2.16)
Py ==E(fuy(0) +G3). (2.17)

Bude 2: Gi st u;_j(x), Py, i 23 dudc xdc dinh. Ta tim F; (x),G; theo cdc cong thifc (2.9),
(2.10).
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Budc 3: Sau d6 gidi bai todn (2.6)-(2.8), (2.12) d& tim u,(x), P..
3. Khao st bai toan (2.6)-(2.8)
bat Q=(0,L). Ching ta sif dung cdc khong gian ham théng dung: Ck(ﬁ), LP(Q),
H*(©). P& cho gon ta ky hiéu lai nhu sau: W*? = H* = HF(Q), HY =12, k=0,,...
Ky hiéu |.| 1a chudn trong I* va d€ phan biét n6 véi mot chudn khic, ta dung ky hiéu

I HX dé chi chudn trong khong gian dinh chudn X .

bat V={ve HY0,1) :v(L) = 0}, khi d6 ta ¢ cdc k€t qué sau day (xem [11]):

b =]

B8 dé 2: (i) V la khong gian Banach phén xa, tdch dugc ddi véi chudn |v

(ii) Phép nhitng V Co(a) la compact va :
Mo, <Co,  wve?, trongds Cy =L

Mat khdc, ¥ < L* v6i phép nhing lién tuc va nim trd mat. Ky hiéu 7/ 1a khong gian doi
ngdu cda ¥, ta ddng nhit L> vdi d6i nghu cia n6, do d6 ta ddng nhat L? nhw 1a mot khéng
gian con ca ¥/, Khid6 tacé6 ¥ — L* = V'véi cdc phép nhiing lién tuc va niim trdl mat.
Ta ciing ky hiéu (f,v) 1a tich v6 hudng trong L* hay cip tich d6i ngiu cia feV' va
vel.

Nghiém y&u ctia bai todn (2.6)-(2.8) dugc thanh 14p tir bai todn bi€n phan sau:
Baitodn (P): Timu; eV ={ve H'(0,L):v(L) = 0} sao cho:

a(u;,v)=(L;,v), VveV, 3.1
trong dé
I
a(u;,v)= j[u; (x)v" (x) + au;(x)v(x)}dx + Bu; (0)v(0), (3.2)
0
3
(Li,v) = [F(x)v(x)dx = Gw(0). (3.3)
0 :

B& dé 1: Dang song tuyén tinh a(-,’) 13 d6i xiing, lién tuc va cudng bic trén ¥, tic la:
(1) |a(u,v)| < Ml”“lly""“w Yu,veV,
G a2, weP,

trong dé, M, =1+ (a+ pB)L.

Nh¢& dinh 1y Lax-Milgram ta cé:

Pinh Iy 1: Nghiém u, € V ciia bai todn (P;) ton tai va duy nhdk.

4. X4p xi bai todn (P,) biing phuong phap phan ti¥ hitu han

Trudc hét ta gidi thiéu ho cdc khdng gian hitu han chiéu dé xay dyng thuit gidi xap xi
bing phudng phdp phén tif hitu han.

Ta chia doan Q=[0, L] thainh m doan con 5,- =[x,,,x,], 1< j<m, bdi cdc diém niit

ndisuy x; =jh, 0<j<m véi h=L/m.
Goi Pl(ﬁj) 1a tap cdc nhi thic bic nhit x4c dinh trén 51.
bit V, ={v, € C"(ﬁ)mV: vm|?1 € H(E—lj),‘dj 22 T2 PO 4.1
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Khi d6 ¥, 12 mot khéng gian con hitu han chiéu cia ¥ sinh bdi m ham cd s& w

0<j<m-1 nhusau:

j ’

(x—x;)/h, neux g Sxsxy,

Vo1 j<m=1: w;(x) = (xj —%)/h, néu X; SXEX s
0, néu XE[X %]
o (x -x)/h, nfu0<x<x,
-véi j=0: wo(x) = 1 %) 1
), néu x; <x< L.

Hon nita, cdc ham w;

(5, la ky hi¢u Kronecker).

y con théa tinh chit wi(x;)=0;,0<j<m-1,05i<m,.

Ta xdc dinh mét todn tf ndi suy 7, :¥ — ¥, ma han ch€ clia né trén tip con tri mat
VA C2(Q) cia V cho bdi
m-1

(r, v)(x) = ZV(x W), veVnC Q). (4.2)

]

Bay gids ta xap xi bai todn (P,) bdi ho cdc bai todn hitu han chiéu (P nhut sau

Khi dé ta c6 bd dé sau ma chu’ng minh khong khé khan.

2 3A C A 3 .
Bé aé 3. “v ?'m"”H‘ < ;;, vweV nH?, trong d6 C = 7_3—[“1,1

Bai fodn (P™): Tim u!™ eV,, sao cho
a(uj(m),wj) ={L;,wj), Vj,0< j<m~ 1. (4.3)
Nhd dinh 1y Lax-Milgram dp dung cho dang song tuyén tinh a(,) va dang tuy€n tinh L; trén
khéng gian hitu han chiéu V,,, ta cé:
Dinh 1y 2: Nghigm u'™ eV, ciia bai todn (P( )) tén tai va duy nhat.
Dinhly 3: (1) lim

u,("’) "“f“ =1
m—y+w0 v

(i) Néunghiém u, €V A H?, thi ta cé sy ddnh gid sai s6&

\ll
vongat, ¢, =ty =T <]

Chitng minh: Chiing minh Pinh 1§ 3 khong khé khin, ta b6 qua chi tiét.
5. Gii bai toan (P™):

™ —u) <@+@+ ﬁ)L)%,

pat v\ = Zc(’") , bai todn (P(m)) chinh 12 hé& phuong trinh tuy&n tinh:

Jj=0
Za(ws,w Jei =(L,w,), 0Ss<m-1. (5.1)
hay A('")E,F’”) =b,, véi
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EI(M) (c:((’)n)’ 1(lm): .3 r(:::)l)T b "(bzo,bzls i zm l) ’blS <Li’ws>’ Oss=m-l,

A(m) (a(hl)){)q- j<m—l’ g”) = a(ws ’wj ),0 < .S',j <m-1.

Chi § ring A" =(a]")os, jens 12 ma tran cdp m, 3 dudng chéo nhu sau:

¥ K B o o e 0
i ¥ K 0 sy w0
O 71 y2n 0 .. 0
A(m) (a(m))__ 0 g g P W % (5.2)
0 7 72 n
[0 s e O
trong do: y, = lh'i'lah"’ﬁ i = —h"l"‘*'%ah: 72"':}2;4'%0.‘]’1.

6. Ap dung bang s6
Xét baitodn (1.1) -(1.6) twong ung véi L=lLa=1, K=1L,A=1, E=1,M =1,
)
k=M=2F P, =-1,P =1, f(x,0)= (1+«—~—)cos(—)+7rsm(———)]e""

uy(x)=¢e" cos(’—r;), i (x)=—e* cos(?) nhu sau

Uy —uy +u+u, = f(x,8), 0<x<1,1>0, (6.1)

o, =u,(0,0) = —P(t), u(L,t) =0, (6.2)

u(x,0)=uy(x)=e cos( ) u, (x,0)=1,(x) =—e cos(—) (6.3)

P+ P(t) = —%un 0,0),1>0, t>0, (6.4)

P0)=PF, =-1, P'(0)=P =1. 6.5)
Nghiém chinh x4c clia bai todn (6.1) -(6.5) 1a

u(x,)=e*" cos(%f), PE()=—e". (6.6)

Thuét gidi: Xét T =1. Cho truéc N > 3. Pat: t; =iAt, i=0,..,N,At=T/N =1/N.
Cho trde 1y (x) = iy (x), u(x) = iip(x) + AtT (%), Py = By, P, = Py + At .

et 1 WL, ,B—— l N s (6.7)
At (AD? 21+ (An)? 2(1+N2)
I
a(u,v) = J.[z-:}r (x)v" (x) + au(x)v(x)]dx + Su(0)v(0), (6.8)
0
bat: u(()'") (%) = ug (x) =ty (x), ulm)(x) = u, (x) = Uy (x) + Ar i) (x), (6.9)
Pu(m) = PO — ']'50’ Pl(m) = P] - PO +A[P]' (6.10)
(), m(2+At)u(’“)(x) u('”)( )
B =T - F,0), (6.11)
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n 1 m 4
Gy = pl-2u" (©) + 15" (0) =2 @A™ ~ B™)), (6.12)

m=1
Bude 1: Tim ugm)(x)= ch?)wj(x) va sz'") =_ﬁugm)(0)—G§m) vdi cdc hé s6 cgj) la

nghiém clia hé phudng trinh tuyén tinh:
m-1

Za(wd,w )i = (L5, w,), 0ss<m—1. (6.13)

a5 vy = sz('") ()v(x)dx — G (0). (6.14)

~ m-1

Bude 2: Gid s ta xdc dinh dugc u(m)(x) ch"i)j (x) va P,(_m) ——ﬁufﬁ)(O)v—fo:). Ta

tim F"™ (x),G™ theo cdc cong thic:

2+ At)uf”:) - u,(i"z)
(An)?

G™ = p[-2u) (0) +ul) (0) - —(2P("‘) P™)], 3<i<N, (6.16)

,F:(m) (x)

+ f(x,1,), 3<i<N, (6.15)

Ta xdc dinh (™ (x) = Zc(m)w (x) va B =-Bul™(0)-G™,rong d6 cdc hé sb c(’") 1a
J=0

nghiém ctia hé phm:ing trinh tuyén tinh:

Za(ws,w Jei™ = (L™, w), 0<s<m-1. (6.17)
Jj=0
1
LM w= | FM (xyv(x)dx — GE™v(0). (6.18)
0

Ti€n hanh cho d&n i = N. Quan sit cdc sai s& sau ddy khi cho N,m ting din.

ef —u (ot} EN)= max | - P (1)
S A

E(N,m)= max max |c;

2<i<N 0<j<m—1
7. Thuat giai cu thé

iy (x) = e* cos(%), 7 (x) = —e* cos(’—’é’ﬁ), P =-1P =1, (7.1)
2
fx,0=[0 +”T) cos(”—zx) +;zsin(1’2ﬁ)]e‘“’. (1.2)
Cho trude N =23, m=3.
N2
Pit  a=1+N+N?, B=———r, h=1/m, (1.3)
20+ N7)
2
Yo =m+£—+/_‘3, Y1 :—m+—£x—, y2=2m+ﬁ. (7.4)
3m 6m 3m
i ~ - = ~ 1 =
1y (x) =1y (x), 1 (x)=1y(x)+ lﬁul(x), Py=F, =P+ RI—PI (7.5)
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Ta tim u( )(x)“" Zc(m)w.(x) va Pi(m), 2 <i< N theo sd do sau:
Jj=0

Budc I: Tim ugm)(x) Zc("')w(x) v Pz(m) ;

1.1. Tinh
F™ (x) = NN + D™ (x) - N2u§P (x) + f(x,2/ N), (7.6)
G = pL-2ul™ (0) +ul™ ) - A + %pgm ), (1.7)
trong do
(m) _ (m) _ (m) _ (m) _
ug" (x) =ug(x), ) (x) =wy(x), iy =Fy, A7 =R (7.8)

1.2. Tim c(m) = (cgg),c;';‘), ,cg:i) l) e IR™ 14 nghiém ctia hé phudng trinh tuy&n tinh:

A(m)cém) - bz(m):

(1.9)
trong do
* A = (g (m)) 14 ma trin ba dudng chéo (5.2) véi 7,,7,,7, cu thé nhu sau:
Yo =m+ ,‘3?_4_[3’ Y1 ——m+i, }f2—2m+29f (7.10)
3m 6m Im

1
# pisp pm BN, b = J-Fz(”')(x)ug.(x)dx—-G'g'")zﬁm_,()SsSm—l. (7.11)

0

13. Tinh P =gl — 6™, (7.12)

© Butde 2: Gid sit ta xdc dinh dude u(’")(x) Zcf”’li j(x) va P‘(h"f)

m-1

Tafim w™(x)= Zc(”)w (x) va 2™ nhu sau:

I
j=0

2.1. Tinh F™ (x),G™™ theo céc cong thife:

F™ (x) = N@N + D () = N2u") () + f(x,i/ N), (7.13)
G,'(m) = A~ 21!(??1) (O)'i‘u(m)(())—Pi(_T) +7P£g)—l (7.14)

2.2. Tim ™ = (cf(’]”), fl'”) e T ¢ IR™ 1a nghiém ciia hé phuong trinh tuyén tinh:

203 €l

(m)——_(m)= _(m)
AY¢; b, (7.15)

voi B = (BU0 bbb = j F® (x)w, (x)dx —G™5,,, 0< s <m—1.(7.16)

23.Tinh P™ =—gc) —G™, (7.17)
Ti€n hanh qui trinh ndy cho d&n i = N. Lap bdng theo di céc sai s0 sau ddy khi cho N,m
tang dan.

E(N,m)= max max cm _

u(x. . E - (m) _ pex ;.
L u” (x;,1;), E(N) ;151%}’, PE(t,) (7.18)

trong dé u”(xj,ti):e_”Neﬂmcos( ),P‘”‘(t)— SN 0<j<m-1,2<i<N.
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8. K&t luén phén tich 16i gidi s6: Thudt todn ndy dudc cai dit bing ngdn ngit Matlab, mdi
budc thdi gian Ar=T/N cho trude ta chia s6 phan t& thanh m = 10, 20, 30, 80, 100, 120,
150. Cdc két qud tinh todn 1an lugt cho cdc trudng hgp m = 10, 20, 30, 80, 100, 128, 150;
N=5,6,7,8, 10 dugc thong ké lai theo 5 bdng sau:

m E(5,m) E(5) E(6,m) ‘E(é) E(7,m) E(7)
10 0.2615 2.7454 0.3043 27107 0.3394 2.7058
20 0.2588 2.7440 0.3022 2.7102 0.3377 2.7058
30 0.2581 2.7436 0.3017 2.7101 0.3374 2.7059
80 0.2575 2.7432 0.3012 2.7100 0.3370 2.7060
100 0.2575 2.7432 0.3012 2.7100 0.3370 2.7060
120 0.2574 2.7432 0.30123 2.7100 0.3370 2.7060
150 0.2574 2.7432 0.3011 2.7100 0.3370 2.7060
m E(8,m) E(8) EQ10,m) E(10)
10 0.3699 2.7129 0.4194 27192
20 0.3686 2.7129 0.4183 2.7192
30 0.3683 2.7130 0.4181 2.7193
80 0.3680 2.7130 0.4180 2.7193
100 0.3680 2.7130 0.4180 2.7193
120 0.3680 2.7130 0.4180 2:7193
150 0.3680 27130 0.4179 2.7193

Quan sdt k&t qué trong cdc bang trén, khi ¢8 dinh N cdc sai s6 thu dude gidm din
theo budc chia min s6 phdn tf trén thanh, ching han nhu quan sdt & biang N = 5 wén cot
E(5,m) cho thdy E(5,m) gidm dan khi cho m tdng 1én l1an lugt v6i cdc gid tri m = 10, 20,
30, 80, 100, 120, 150. Quan sdt tudng ty cho cdc bdng con lai véi N = 6,7, 8, 10.

T (7.3) ta suy ra tf Pinh Iy 3 mot ddnh gid sai s6:

max
0<isN

() 2 N2 I
u™ —u| <C3+N+N? 4o |— (7.19)
i 1
véi C =maxC, =—-max[

20+ N*) )m’
12
0<isN -\EﬂgsN IH!HI +"u:’"1 .

Vi dénh gid sai s0 thu duge nhu (7.19) cho thdy ring khi ting cho m 1én, ddng thdi
vin cho N ting 1én ( tuong ng Ar=1/N bé) “khdng hop 1y~ thi két qui thu dugc khong
tot. K&t qua tinh todn trong cdc bdng trén ddy cfing phi hgp véi cong thite (7.19). Ching han
nhu quan sdt & hai bdng ffag véi N =5, 6 trén cing gid tri m= 150, ta thdy: £(5,150)=
0.2574 < E(6,150)=0.3011.

SHOCK BETWEEN ABSOLUTELY SOLID BODY AND ELASTIC BAR WITH
THE ELASTIC VISCOUS FRICTIONAL RESISTANCE AT THE SIDE

Nguyen Phu Vinh
Department of Information Technology, College of Industry 4, HoChiMinh City

ABSTRACT: In this paper we investigate The shock between absolutely solid body and
elastic bar, the solid body of mass M moved with at first speed V), it knocks elastic bar on the
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damper having the stiffness factor k. The another end of bar rely on the elastic solid pedestal.
The bar is loaded by the visco-elastic friction force on surrounding face. The frist we constitute
the equilibrium equation systems, after that we used the finite difference for time variable to
change this equation to elliptic-equation, next by using finite element method with one level to

solve approximative system. Finally we show the numerical example with the angorithm
installed by MATLAB.
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