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1. MO DAU 

M6 hlnh d~o tnrqt da tinh the drrqc cic tic gilt Y. Ohashi, M. Tokuda va J. Kratochvil d'e 
ngh! 1981 [4] dv-a tren cic ke't qui thvc nghi~m rS:t m&i m~ vi chi'nh xic [1, 2, 3 ]. Trang nhiXng 
nim g'ln day mO hlnh d6 drrqc nghi&n cfru m~nh ci v'e m~t lY lu~n chung thu~t toin tinh toin 
vi cic nghien nfu thV'c nghi~m so sinh [5, 8, 9, 10]. Nim 1983 tic gii d5. d'e ngh! m<?t thu~t toin 
m& r9ng li-ng dl!ng cda mO hlnh da tinh the cho cic bii toin phing t6ng quit, vi~c mb r9ng niy 
di cho phep tinh to<ln drrqc nhi~u ke't qui tieu bi€u cUa bai tml.n phing [8]. Bii to in phing tbng 
quit drrgc bi~u di~n trong khOng gian Ung suS:t ba chi'eu [6]-nfn thu%t toin drrqc sti- dl!ng li cic 
phep tlnh vectrr trong kh6ng gian ba chi~u - khOng gian vecta dOng kin dOi v&i phep nh5.n vecta 
hii-u hll'&ng. Trong trll'Cmg h9'P t5ng quit, cic vect<r li-ng sua:t va bie'n d~ng chr9'C bi~u di~n trong 
khong gian 5 chi~u [6, 10]. Theo d<;i s6 vectcr Clifford [7], m9i khong gian vectcr ttl- 4 chi~u tr& len 
se khOng dOng kin dOi v&i phep nhin hiru hu&-ng ella hai vectcr, nen vi~c mb r9ng thu~t toin cUa 
mO hinh cleo da tinh th~ khOng th~ Sl.!: dvng khii ni~m "vectcr" phip tuy~n ella m9t m~t va "phep 
nhin hfru h1.r&ng hai vectcr". cJ- diy chUng t&i d~ ngh} thu%t to in m&i gic\i quye't van d'e nay dva 
tren d<;i s5 vectcr Clifford [7]. 

' .... " , ' "" ' 2. MORONG THUAT TOAN DEO TRUOT DA TINH THE CHO TRUONG "" . , . . 
HOP TOi\G QUAT 

A. A. Ilyushin dc'i chl ra, tenxcr bie'n d<,tng iiJ va tenxO' IT-ng suit ati cO th€ dmrc phin ti'ch 
th~mh t6ng hai tenxO': tenxcr c'au va tenxcr Wch. TenxO' c'ttu drrqc d~c tnrng b&i m9t bie'n d9c l~p: 
il(i n& kh5i ( d5i v&i tenxa bien d<;ng) ho~c ap h,rc thUy tinh ( d5i v&i tenxa tl-ng su5t) ; Tenxa l~ch 
dtrc;rc d~c tru·ng b&i 5 bien cl9c l~p. Trang lf thuyet d~o, d~c tru·ng ella tinh d~o ella v~t li~u chl 
the hi~n & tenxa l~ch, vi v~.y 5 him d9c l~p cUa cic thlnh ph'an nia nO drrqc xem nhu: 5 thinh 
ph 'an ella vecta trong kh&ng gian Uitg suS:t bie'n d<;tng d~o. 

Nhll' & [6, 10]-vecta bie'n d<,tng deo dU'qc bieu dien trong kh5ng gian vectcr 5 chi'eu: 

(i = 1, ... ,5) (2.1) 

vecta U-ng su5t l~ch: 

(i = 1, ... ,5) (2.2) 

& diy ei (i = 1, 2, ... , 5) 13. cic vectO' dan v! ella h~ t9a d9 D~ cic cda khOng gian vectO' 5 chi~u. 
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Dil l~p thu~t toan ta thlra nh~n nh~n xet sau day rut ra tlr thv·c nghi~m bi~n d~ng dolo cua 
mO hlnh da tiuh th~: trong qua trlnh bie'n d~ng cleo cda v~t li~u da tinh thg1 gia sO vecta li-ng sua:t 
d~o tti-c thUi AS, gia sO vecta bign d~ng d~o .6f va. vecta li-ng suS:t deo i I a d5ng ph~ng: 

(2.3) 

& diy ·cac h~ sO vO h1.r&ng k1, k2 -n6i chung 1a ham cUa thCri gian va lich sli· bie'n d¥Ig, xic djnh 
nhb' h~ phtrang trlrih xcl.c djnh cUa m6 hlnh va thl!c nghi~m nhu trong trU'Cmg hqp ba chi'eu. 

Tru·&c khi trlnh hay thu~t toin ta nh%n.xet rang, m?t qiiy d~o cong bit k:Y tron tirng khUc 
tron·g khOng gian n chieu c6 thg xS:p xi b~ng m(}t qUy "~o g5:p khUc (thing tirng do~). Vi v~y ve 

nguyen tic ta chi dln trlnh bity thu~t toan nay ella rna h\nh dolo trli'qt da tinh th<l cho qiiy d'l-o 
bie'n d~ng g5p khUc la drl.. Han the' nfra; ta chi c'an trlnh ·bay thu~t toin cho hai do~n tuye'n tlnh 
ke nhau va thu~t toin chuygn tiep t?-i digm g6c. 

Gii thiet vecta chi phrrang cda do;m thing thfr k trong qiiy d~o bien d~ng gilp khuc cda ta 
·aEk,tac6: · 

{2.4) 

5 

trong d6 I; (1;} 2 = 1. D\i dai do'l-n thlng thfr k !a L •. Phrrang trlnh vecta cua cac do~n thing 
i:::: 1 

ella qUy d~t;J bie'n d<_tng gap khUc d6.Ia: 

D5i v&i do~n thfr nhilt (k = 1): [ 1 = 51 E1 0 ~ 51 ~. L 1 

D5i 'v&i do'~-n thfr hai {k = 2): l2 = L,E, + o2E2 o ~ o2 ~ L2 {2.5) 

Tir gllt thie't (?_3) ta thfly m~t phing mO hlnh t1rong Ung v&i tflt ·cA cic di~m ella cling m9t 
do~n thing qiiy d~o bien d~ng se khong diii. M~t phing rna hlnh cua doi!-fi thil.ng thrr (k- 1), 
vecta Ung suat S t<_ti di~m g6c (gifra do<_tn (k- 1) va do~n (k)) da biet va cic vectO' gia s5 bien 
d~ng crl.a cic do<_tn thing crl.a qiiy d<_to bie'n d<_tng ga:p khlic dtrqc cho tru·&c. G9i 

A k-l 
U"fi I (i=1,2, ... ,5) {2.6) 

ll· cic th3.nh ph "an ella cic vecta li-ng suit va cic gia s5 bie'n d~ng ttrcrng lhJ.g 8, _1:1Ek-l, 1:1Ek. 
M:lt phhg mo hlnh T. cua do~n thing thfr k nh~n drrqc tlr Tk-l bhg "phep quay" quanh 

vecta s, vl v%y de vecta chi phrrang f~(k), h(k) cua h~ t9a di) D'e cac tren Tk nh%n dm;rc tlr d.c 

vecta chi phrrang tu'ang rrng tren Tk-l; Khi xac djnh vecta f~ (k), h(k) theo f~ (k- 1), f~(k- 1) 
ta khOng chrqc sU: d~ng hai khii ni~m "phip tuye'n cUa mQt m~t phing" va "tlch hfru hmYng ella 
hai vectcr" trong khOng gian vectcr 5 chieu (l6n hOTI 3 chieu)._ Tnr&c khi d1ra ra thu%t toin xic 

djnh ta thity f~(k), f~(k) phii thoa man cac di'eu ki~n san day: 

1) 4 (!~ {k), s) = 4 (!~ (k- 1), s) 
hay 

5 5 

L siai = L sia: {2.7) 
i::::l i::::l 

trong d6 Si 1 ai, a~ (i = 1, 2, ... , 5) I a cic th~mh ph~n cU. a vectcr S, ft (k - lL /~ (k) trong khOng 
gian 5 chieu. 

2) Vecta f~ {k) phii Ia til hqp tuygn tinh ella vecta. !::.Ek va vecta 5: 
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hay 

5 

f~(k) = L (n,~--yf + n,s,)e; (2.8) 
i=l 

& diy ·n1 ; n 2 chtra bie't, c5.n x<ic d!nh. 
3) Tr€n m~t phing Tk setOn t~i hai vectcr f:(k) thOa min hai di'eu ki~n tr€n. Dg duy nh5:L ta 

chc;m f~ ( k) sao cho vi tri' trrang dOi ella 3 vecta f~ ( k), t..Ek va S tren m~t ph5.ng Tk gi6ng nhtr v! 

tri trrcmg ctOi e1la 3 vectcr f~(k -lL t..Ek~l va Stren m~t ph5.ng Tk-1· 'Di'eu nay cO nghia li hlnh 
chigu ella f~ (k- 1) len phmmg thanh ph an vuong g6c v&i sella ~Ek-l (tren Tk_ 1 ) blng hlnh 

chieu ella f~ (k) len phu:cmg thinh phan vuong g6c v&i s cda ~Ek (tren Tk). Vi~c ch9n nay d~n 
de'n phrrCmg trinh: 

5 5 

L ~:a: = L ~i "'' (2.9) 
i=l i=l 

vCri 

(2 1 0) 

(2.11) 

Dva vao 7 phu:ang trlnh d~i so tuyen tinh d(ic l~p (".7), (2.8), (2.9) ta se xac djnh duyc 

7 gi<i tr! o:~ (i = 1, 2, ... , 5) va n 11 n 2 qua cic gii tri di bie't ho~c cho .tnr&c. Vecta f~ (k- 1) 
( ai, i = 1, 2, ... , 5} di hoin to in xic d!nh b giai do~n tnr&c. 

M(it each trrang t\1· ta se xac djnh dm;rc vecta h(k)(/3!, i = 1, ... , 5) qua cac thanh ph an cua 
vecta h(k-1) (/3;,i= 1, ... ,5). 

Nhrr v$y m~t phltng m& hlnh cho do~n thing qliy d~o thtl' k chr<7c xic d!nh cling v&i h% t9a 
dQ D'e cic hai chi'eu tren n6. Tir diy thu~t toin cUa m6 hlnh d~o tru·qt da tinh th~ dl!a tren h~ 
phu:ang trlnh xac djnh [4, 5] dm;rc ip d\lng cho do~n thing quy Gi)O bien di)ng thrr k. cu- nhu: the 
thu~t to<ln ran hrc;rt tinh tit d. cic do~n thing ella qiiy d<_to bie'n d<_tng gS:p khlic bat k)r. 

Trlr l~i tmirng h'!P 3 chi'eu, thu~t toan tren chota kgt qui da thu du:qc & [8]. 

~ . 
3. KET LUA.N 

V 6-i vi~c xap xi qiiy d<;to bie'n d<;tng d~o bit kjr hang dU'Ong gip khUc trong kh&ng gian 5 chi'eu 
va sti- d~ng kh<li ni~m "m1t mO hlnh" thu~t toin dl!a tren m& hlnh d~o trm?'t da tinh th~ ella d.c 
tic gii Y. Ohashi 1 M. Tokudal J. Kratochvil da drrc;rc m& rQng cho trrr(mg hc;rp tbng quat nhit cUa 
bie'n .:.";.'.lng dJo. Tir thu~t toin nay ta th5y tfnh di truy'en (rhv thu9c ljch sU:- bie'n d~ng) rna m6 
hlnh d~o trrrgt da tinh tld thS hi~n t5t trong cic tnrCmg hgp tru·&c aay cling nhu se gifr nguyen 
Y nghia trong tnrCrng hqp tOng quit. 
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Vi~c m& r9ng nay cho th.gy c6 thi chu:cmg trlnh h6a t\1' d9ng tlnh to&n trong cic li-ng dvng 
cv th~. 

Df.a, chi: Nh4n ngiz.y !!5/5/1991 
Vi~n CrY Vi~n KIH'N 

' . ' T AI LI~U TRAM KHAO 

1. Ohashi Y., Tokuda M. and Tanaka Y. J. Mech. Phys. Solids, VoL 25, 1987. 
2. Ikegami K. J. Soc. Mat. Sci. 24 (261), p, 491-505, 1975. 
3. Ikegami K. J. Soc. Mat. Sci. 24 (263), p. 709-719, 1975. 
4. Tokuda M., Kratochvil J., Ohashi Y. Mechanism of induced plastic anisotropy on polycrys.;. ~ 

talline metals. Phys. stat. sci. 68 (629), 1981. . 
5. Kratochvill J., Ohashi Y . .- Satra M., Tokuda M. P:ro 4th Inter. Conf. on Continuum Models {I 

of Discrete systems, Stoekholm 1981, Nort-Holland Publ.- Co. ~ 

6. Ilyushin A. A. Plasticity, Moscow 1963. 
7. Gaston Casanova. Iilgebre vectorielle, Paris 1976. 
8. Bui H. D., Kratochvill J., Satra M. M& rQng m5 hlnh d~o trli'9"t da tinh th~ cho bien d~ng 

phing t&ng quit. T<;tp chi Ca h9c sO 4, 1991. 
9. Tok.uda M., Ohno N., Kratochvill J. Unified constitutive equations for inelastic behaviours of 

polycrystaalline metals based on a sami-micro apprqach. Inter. Conference on Creep, April 
1986, Tokyo. 

10. Bui H. D. The slip theory of plasticity and its application. Vi~n HLKH Ti~p KMc, Praha 
1983 (lu~n an). 

SUMMARY 

THE PROCEDURE OF THE SLIP MODELS OF 
POLYCRYSTALLINE PLASTICITY IN THE GENERAL CASES 

The computation procedure of the slip model of p·olycrystalline plasticity was extended for 
the most general cases, when the stress and strain state are expressed in the five-dimention vector 
space. this extention is based on the know ledges of Clifford algebra in the many-dimension (more 
than 3). vector space. The results would be reduced into the old results given in the more simple 
cases. 
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