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, ' ' ' ' TRANG THAI DAN DEO CUA TR(J TRON 
0 ' , 

NGAN CH~U TAl PHUC TAP 

vu KHAc BAY 

Phrrang phip bie'n thg nghi%m d·an h5i trong lY thuye"t qui trlnh bi~n d~ng din deo da d1rqc 
drra ra trong [1]. Xet d.c tinh ch<l:t h9i tv, t6c di? h9i t\). cling nhrr Sl[ 5n dtnh ella n6 b~ng phm:rng 
phip s5 dO:i v&i l&p cic bii toin phing v&i qui trlnh d~t tii phtl-c t~p d& dm:;tc xet trong [3, 4]. 
Trong bii na.y cling b~ng phrrcmg phip s5 ta dinh gia c<ic tfnh cha:t tren clia phrrctng ph;ip gin 
dUng niy trong l&p cic bii toin khOng gian cv th~ li xet tn;1 trOn ngin ch!u tii dOi xlrng tr1:1c 
phU:c t~p. 

' ~ ' ~ ' 
1. BAI TOAN VA PHUONG PHAP GIAI 

Trv ngln chi'eu dii 2b, bin klnh a, hai d1.u vi xung quanh trv ch!u tii dOi xtrng tn~c thay dbi, 
trv quay v&i v~n t6c g6c fl. Cic llfc tic dvng len trv deu thay dcii theo m9t tham sOt. 

Ch9n h~ t9a d<} tn!, khi d6 do tinh chfit d5i x-6.-ng trvc ella d.c h!c tic dvng, trv ngin duvc 
xet v&i: 

v&i 

- Hai diu trv: chju h;rc phip (dan, nen)·va h;rc truvt. 
- Xung quanh ch!u ltrc phip va lJ!C trm;rt t~eo phuang d9c trvc. 
Cic d~i hr9'11g ling su5:t, bie'n d~g thda min cic phuang trlnh va c<ic di€u ki~n bien sau: 
+ H~ thrrc Cosi: 

e =~(au, auz) 
rz 2 az + ar 

+ Di~u ki~n v~t li~u kh6ng n€n dtrgc 

+ Phrrang trinh cfi.n bing 

aa:rr arrz O:rr- 0:()() !12 --+--+ +P r=O ar az r 

8rr z 8a: zz Trz -+--+-=0 
ar Bz r 

+ Lien h~ U:ng suilt - bign d~ng [ 2] 

· 2 S· ·S., 
S = .-Ai + (P- A)-'-1 - i., 

'J 3 ~J (T~ 

A= cr" [1 + (Es _ 1) c-cos<prl 
S CTu 2 

P = <P' ( 8 ) __ 1_ ( E _ 4>' ( s)) ( 1 - cos'~')~ 
cos <p 2 

1 

(1.1) 

(1.2) 

( 1. 3) 

{1.4) 

( 1. 5) 



"": ~V s;c + s;, + s;z + zr;z 
s. i·· 

cos rp = ~ ; 1 2 1, f3 > 1, 0 :::; cp :::; :iT 

"" s 

O"zz(r,b,t) = fr(r,t), Tcz(r,b,t) = h(r,t) 
O"zz(r,-b,t) = h(r,t); Tcz(r,-b,t) = f•(r,t) 

O:Sr:Sa 

+ Dieu ki~n bien & m~t xung quanh 

{ 
o-,(a,z,t) 

Tr:z(a,z,t) 

= fs(z, t) 

= fe(z,t) 
-b:Sz:Sb 

( 1.6) 

(1.7) 

Do nghi~m ella bii toin {1) - (7) c6 thf bigu di~n drr&i d<;~-ng chu6i qua cclc him Betxen va 
d.c him hr<!Jlg giic nen gilt thie't: 

Trang kholmg 0 < r < a c<ic ham 
+ h(r,t) va h(r,t) khai trii!n du-src theo d~ng 

ao(t) + L ak(')Jo(Jtkr) 
k=l 

+ h(r,t) va t.(r,t) khai trii!n du-src theo d~ng 

L bk(t)J,(I'kT) 
k=l 

trong d6 J-Lk li nghWm clia Jl(J-Lka) = 0; Jo, J1 li cic him Betxen. 
Trang khocing ~b < z < b c<ic him 
+ f 5 (x, t) khai trii!n du:src theo d~ng 

Go(t) + L Gk(t) cos(>-v) 
k=l 

+ fs(z, t) khai trii!n du-src theo d~ng 

L dk(t) sin(Akz) 
k=l 

trong d6 Ak = ktrjb. 
D~ giii b3.i toin niy ta dUng phrrang ph<ip bie'n thg nghi~m din hOi [1, 2]: Chia qui trlnh d~t 

tii ttl- giai do~n diu de'n thOi digm dang xet th<l.nh n giai do~. T~i lin qp thll- k & thM digm thU: 
n ca.c th3nh ph1in -6-ng suat, bie'n d~ng dtn th6a min cic phu-cmg trlnh va cic di'eu ki~n bien sau 

a (n,k) (n,k) 
(n,k) _ _ uc __ • • (n,k) Ur 

err - 8r ' eBO = -T-

l a (n,k) a (n,k) 
e(n,k) = _ (-"'-- + ~) 

r,z 2 , Bz Br 

(l.la) 

e(n,k) + e(n,k) + e(n,k) = 0 
rr ()() zz (1.2a) 
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trong d6 

v&i 

a .. (n.k) a (n.k) (n..k) (n,k) 
-"-'-'- + _r_,_z ·- + O"rr - O"uo + [ofnlJ 2 

pr = 0 
ar az r 

a (n,k) a (n.k} 
Trz O"zz 

-a-+ 
r az 

(n,k) r,. 
+--=0 

r 

n-1 
sfn,k) = 2Ge(~.k) + " A "+A {k) .. 

tJ tJ D L.l.rnelJ L.l.n e,J 

rn=l 

i71~·"1(r,b,tn) = h(r,t,.); r)~·k)(r,b,tn) = h(r,t,.) 

al~,k)(r,-b,tn) = h(r,t,.); r)~,k)(r,-b,t,.) = f,(r,t,.) 

v6i 0:::;; r :::;; a 

{ 

{n,k)( ) 
O"rr al zl tn 

(n,k) 

= fs(z,t,.) 

= fo (z, tn) 
v&i - b ::; z :::;; b 

Trz (alz1tn) 

R(n,k-1) _ -ZG (n,k-1) '· c, + 30 [ (n,k-1) _ (i•,k-1)] 
i;"ke - wl u,kuJe wl w2 

[ 
{n,k-1)]2 

"" 
A p 

va WI = 1- 3G. ; Wz = 1 ~ 3G 

a giin dung thU- k = 0 !5y 
A (0) _ 
L.l.n eii -- 0 

n-1 n-1 n-1 

(1.3a) 

(1.4a) 

(1.5a) 

( 1. 6a) 

(1.7a) 

"1:1 e +f1{k), -R{n,k), L....t mrr n rr- l 
.2.::: .6.meeo + 6.~k) ego = B(n,k); "A e +A{k)e -Ffn,k) L L.l.rn: rz L..l.n rz -

m=l m=l m=l 

Dem thay (1.5a) vito (1.3a) va (1.4a) ta du-qc 

a"fn,k) 2G a(rwfn,k)) _ fn,k) 

a + -. a - ¢1 (r, z) 
r r z 

(1.3b) 

a"(n,k) 2G a(rwfn,kl) _ fn,k) 
az r ar - ¢2 (r,z) (1.4b) 

trong d6 
1 a (n,k) a (n,k) 

wfn,k) = 2 [ u~z - u;r l 
va 

~fn,kl ( ) = _ aRfn,k) aFfn,k) Bin,k) _ Rfn,k) 
'f'l rl z ar az + r 

aFin,k) a(Bfn,k) + Rfn,k)) Ffn,k) 
~(n,k)( ) = ---::--+ __ _ 
'f' 2 rl z ar az r 

Tir (1.3b), (lAb) ta drrqc 

+ il._ [_1_ 
ar R 

a(rwfn,k))l = __!:_ [a¢\"·k)- aq,1"·k)l 

ar 2G 8z ar 
( 1.8) 
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Vl d.c d~i hrgng d~,; t!nh toan & !lin l~p thtl- k, giai do~n thrr n, nen t?r diiy di! cho ti~n ta 
thai khong ky hi%u chi s5 tren (n, k) nira 

Khai tri~n cic ham sau thAnh cic d{Lng 

R I: Auk cos(pz)Jo(Jtkr) + L Auo cos(pz) 
r 

a:::::O, k=;l a=O 

B I: B.k cos(pz)Jo(Jtkr) + L Buo cos(pz) = 
r 

a=O, k=l o:=O 

F 
r 

I: c.k sin(pz)Jo(!'kr) +I: c." sin(pz) -= 
a=Lk=l 

I' Q?r 
V<JI p = b 

D~t 

Khi d6 

aq, 1 o¢2 "' { . ( ) "' [( - - Cuk- ) 2 ] } az - f);'= L.. sm pz L.. pA.k¢ 1 - pB •• ¢ 2 + -
0
-1/;3 + 3AuoP+ p C,.or 

a=l k=1 

va d~t b!ng I: sin(pz),P(c., r) 
o:=l 

Khai trign 

Thay vao (1.8) duvc 

. a
2
w + !!_(~a(rw)) = "' n ... 1 . ( ) ( ) 

8z 2 ar r ar ~ -2G- a2 Sin pz Jl Il-k" 
f.l'=d,k=l 

N ghi~m ctla (1.9) se Ia 

w = L I, (.l.k r)Ek sin(.l.kz)+ L DkJl (l'k')sh(l'kZ )+ 
k=l k=l 

· + 8 ~~k sin(pz)J1(!'kr) + Cr 

1:=1 

.. H Hok E D C ' h' " VO'l rtk = ( 2 2 ) 2 ; k, k 1 ~ cac angso 
p + l'k a 

Thay w via phtrang trlnh 

a2
u, + !!_(~ a(ru,))· = 2aw 

az 2 . ar r ar az 
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ta tinh dtrgc 

k=l 

+ L [Dk ch(!'kz) + Dkz sh(!'kz)jJI(!'kr)+ 
k=l 

+ L HJk cos(pz)J1 (!'kr) + B 1 r 
a-< 
k=l 

'. HD -piLk -E D B h' " va1 k = ; k, k, 1 - ang so 
a p2 + J.L~ 

a a G aw h , b"" h, ·' , ~ Do - = -2 - + ¢1, t ay cac leu t U'C cua w va '+'1 vao ta tinh du-gc ar az 

' "'p- ~B-R + L.., -H uk cos(pz)Jo(!'kr)- R + -. --dr-
_,l'k r 
k=l 0 

"" p ~ pr2 r2 
- L.., Cuk-rcos(pz)Ji(!'kr)- L.., Gao- cos(pz)- Q- + f 

a=l J.lk a=l 2 2 
k=l 

trong d6 f la h[ng s6, Q = p 0 2 

Bay giCr xic dinh cic th?tnh phlin bie'n d<;tng: 
Th?tnh ph'an bie'n d<;tng err 
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Thay cclc gi<i trj ella err 1 euo ta chrqc 

en=- 2:: { AkDEdo(Akr) + E.[2Iu(Akr) + Akrli(.\kr)]} cos(.\kz)-
k=l 

-2:: {l'kDk ch(l'kz) + Dk/lkZ sh(l'kZ) }Io(!'kr)-
k=l 

ta tinh drrqc thinh ph 'an bie'n d?-ng erz .: 

Bur auz 
2w=~-~ az ar 

ecz =- 2:: { .\;E.h(.\kr) ~ Ek[>-krlo(-'kr) + I,(A.r)J} sin(.\kz)+ 
k=l 

+ L {l'kDk sh(l'~z) + Dkl'kZ ch(!'kz) }Jl(l'kr)-
k=l 

- 2:: { [ ?: pa + ~;;] sin(pz)J1 (1'kr)} -Cr. 
c.=l 
k=l 

Bie't cic thinh ph'an bie"n d~ng, ta xic d!nh c<ic thinh ph'an ella ten xcr ling suS:t. Ta c6 

Trz = 2Gerz + F = 

= -2G 2:: { >.;Eki,(>-kr) + E.[>-.rlo(Akr) + II(>-kr)]} sin(>.kZ)+ 
k=l . 

+ 2G2:: {!lkDk sh(l'kz) + Dkl'kZ ch(!'kZ) }JI(I'kr)-
k=! 

-2:: { (2paH:k + H,.)J1 (!'kr)} sin(pz)+ 
a=l 
k=l 

Thinh phlm li-ng suilt 

r7zz = 2Gezz +a-R-B= 

= -2G 2:: { AkEklo(>.kr) + Ek[3Io(>-kr) + AFh (>-kr)]} cos(.\v)-
k=l 

- 2G 2:: {l'kDk ch(l'kz) + Dk [!'kZ sh(!'kZ)- ch(l'kz)]} Jo(l'kr)+ 
k=l 

k=l 

/
" B- R !" 8F Qr2 

+ --dr- -dr-2R-B-4GB1 --+f. r az 2 
0 0 
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. 
Xac dinh thlmh ph lin &ng su5t 

C!rr = 2Gerr + cr+ R = 

= 2G L { ;..;Jiik [!o(Akr) - I, i~;r)] + Ek [ Akr I, (Akr)]} cos()..kz)+ 
k=l 

+ 2G L {l'kDk ch(l'kz) + Dk(JLkZ sh(l'kz) + ch(JLkz)J}lo(l'kr)-
k=l 

"' { - · } J,(l'kr) - 2G L., l'kDk ch(JLkZ) + Dk/'kZ sh(JLkz) l'kr + 
k=l 

r 

"' { 2Hok p _ } J aF + L., --:- + l'k Hak cos(pz)Jo(l'kr)- a;dr-
a,k=l 0 

"' 2H
0 

J1 (JLkr) !' B- R Qr
2 

- L., --"lcl'kacos(pz) + --dr+2GB,--+f. 
2a JlkT r 2 

a,k=l 0 

Cic h~ng sO' Dk, Dk, Ek, Ek 1 C, B 1 , f drrgc tinh khi cho th6a man cic di'eu ki~n bien. Khi d6 
ta se chra v'e vi~c can b~ng cic h~ sO etta cic khai tri~n theo cic ham Ji(J.tkrL Jo(J.Lkr), cos(>.kz), 
sin(Akz). 

; ; ~ A 

2. TINH TOAN BANG SO 

Tfnh toan v&i tr\1 c6 kfch thrr&c a : b = 0, 5. Tn! duvc lam bang thep 15X 18Hl2 C4T IO: 
a-,= 800MN/m2 , E,fE = o, 32. TIU ngoai: 

Ky hi~u 

J,(r,t) = fz(r, t) = W,(t) a-,; fs(z,t) = 0; 

fo(z,t) = To-•a(t) a-, sin Gz); Qa2 = Q a-, 

h(r,t) = -J.(r,t) =To-c'l(t) a-, J.(1'1r) 

- Bzz 
Szz =-; ,., 

- Srr 
Srr =-; 

a-, 

- Srz s --· rz- 1 W - O"u 
u-,., a-, 

Cic gii trj ham T0_,t(t), To-za(t), W,(t) thay dSi theo tham s5 t drrqc chl ra & titng giai 
do~n tii. 

Bin klnh du-qc chia th~mh 50 di~m, chi€u d3.i dU'qc chia th3.nh 60 di~m, d.c khai trign dm;rc 
l~y Mn s6 h~ng thrr 7. Cic tfnh toin drrqc l%p tr\nh tren TURBO PASCAL v&i mo phong 8087 
nen c<ic chfr sO' drrqc lfty de'n 12 chfr sO c6 nghia. Vi ffilJC dich Ia khlw sit tr?-ng thii li-ng suilt, bie'n 
d~ng v&i cic cich d~t tii khic nhau (phU:c t~p va dan gi!tn) v&i tinh toin theo phuang phip g~n 
dUng tren, tinh v6i. 3 l'an l~p, dinh gii sai sO giU·a cic l'an l~p 2-1 va 3-2. 

3. NR~.N XET 

Qua dnh toin tren nhi~u cich d~t tii khic nhau, da nh~n (hrqc cic ke't qui va cic nh~n xet 
sau: 
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1 - V&i mqi each d~t t£ khac nhau, cite d,i lm;mg dtrqc xac djnh v&i sai s5 giira hai l~n l~p 
thlr 2 va 3 d~u nh6 han sai sO giifa hai Ian l~p thll 1 va. 2. Sai sO 16-n nhJ:t ella t.fi:t ell cac d~i lm;:rng 
giii-a hai }'an l~p th-6.- 2 vi 3 & m9i giai doc,tn tli vi & d.ch d~t tli khic nhau dgu du-&i 5% .. 

2 - Tren cling m()t each d~t tii 
+ Ne'u chia qui trlnh d~t tii dtng nhd thl sai s5 gifra hai Hin l~p ella tit d. cic d;;~i hrqng 

dmg nh6 di. 
+ Ne'u chia bin kinh ho~c chieu dii trv dmg nhi'eu diem thi sai sO giifa hai fan l~p cU. a Utt 

d. cftc d<,ti hrqng dmg giim di. 
3 - Dem cUng m(?t ghl tri tii ngoii nhu nhau: ne'u cic qui trinh d~t tii dtng phl.fc t<,tp thl 

vllng deo dmg tang: trong giai do~n 3 {d~t tii don giin) thi vling d~o cda trv rit nh6, cOn trong 
giai do<,tn 6 (d~t tii phtl'c t.g,p) vUng deo ella trl!- eta g1i.n nhrr ho~m toi.tn. 

_,- A 

4. KET LUAN 

Qua vi~c gi<ii. bii to<in va c<ic nh~n xet tren ta c6 ke"t lu%n sau: 
1- Phrrcmg phip bie'n thg nghi~m din h'Oi e1la qui trlnh bie'n d{tng din d~o c6 tlnh hQi tv, tOe 

dQ hQi tv cao, c6 tlnh c3n djnh. 
2- DQ phU:c t~p cUa qui trlnh d~t tii lmh hU'&ng m{tnh de'n tr~ng thii bie'n, d{Lng vi U·ng su5:t 

ben trong v%t ,th~ tli-c li v%t th~ lim vi~c kern han khi ch!u tii phli-c t~p. 
Tic gilt chin thimh ck on GS TS Dio Huy Bi'ch di hrr&ng din thl!c hi~n cOng trlnh n3.y. 
C&ng trinh drrqc Sl! t3.i trq c-da chuang trlnh nghi€n cU·u ca bin trong linh Vl!C khoa h9c tl! 

nhien KT - 04. 

Dia chi: Nh~n ngily 20/5/1994 
Trv:Crng Dq,i h9c Lrim ngh£4p 
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SUMMARY 

ELASTO-PLASTIC STATE OF A SHORT-CIRCULAR CYLINDER 
SUBJECTED TO AXESYMMETRICAL COMPLEX LOADING 

The modified method of elastic solution in the theory of elasto- plastic deformation processes 
had been proposed in [1]. Through the numerical solution of some elasto- plastic plane problems, 
the convergence, the convergence rate and the stability of this iteration method had been considered 
[3, 4]. In this paper, also through the numerical solution of the elasto- plastic space problem, the 
characters of this iteration method are considered, and the influence of complex loading processes 
to elasto - plastic state is confirmed. 
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