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THUAT TOAN MO HINH DEO TRUOT DA TINH THE
TRUONG HQP TONG QUAT

BUI HUU DAN

1. MO DAU

M5 hinh déo truwgt da tinh thé dwoc cic tdc gid Y. Ohashi, M. Tokunda v J. Kratochvil 48
nghi 1981 |4] dwa trén cdc két qui thwc nghidém rit méi mé vi chinh xdc {1, 2, 3 |. Trong nhiing
nim gin diy mé hinh d6 dwoc nghién cin manh cd v& mit Iy lufn chung thuit todn tinh toin
va céc nghién cdu thye nghiém so sanh [5, 8, 9, 10]. Nim 1983 tdc gid 43 48 nghi mét thuit toin
mé& réng wng dung cia md hinh da tinh thé cho cic bii todn phing téng quit, viéc mé rong niy
di cho phép tinh todn dwge nhibu két qui tiéu biu cda bai todn phing (8]. Bii todn phing téng
quit dwoe bidu dién trong khéng gian éng suit ba chitu [6] nén thuit todn dwoe st dung 1 cdc
phép tinh vecto trong khéng gian ba chitu - khdng gian vecto déng kin déi v&i phép nhin vecto
hiru hwéng. Trong truedng hop tdng quit, cdc vecto dng suit va bién dang dwoc bidu din trong
khéng gian 5 chidu [6, 10]. Theo dai s8 vecto Clifford [7], moi khéng gian vecto t¥ 4 chidu tré lén
sz khéng déng kin d8i vé1 phép nhan hiru hwéng cla hai vecto, nén viéc mé rdng thuit todn cda
mé hinh déo da tinh thé khong thé st dung khai nidm “vecto” phip tuy&n cla mét mit va “phép
nhin hiru hwéng hal vecto”. o day ching t8i d8 nghi thuit todn mdi gidi quyét vin dé nay dua
trén dal s8 vecto Clifford {7].

2. MORONG THUAT TOAN DEO TRUOT DA TINH THE CHO TRUONG
- p .
HOP TONG QUAT

A. A. llyushin 44 chi ra, tenxo biéh dang &; vi tenxo dng suit oi; ¢é thé dwoc phin tich
thanh tng hai tenxo: tenxe ciu va tenxo lch. Tenxo gﬁu durroe dic trung bédt mdt bién d5c lap:
d8 né& khéi (451 v6i tenxo bidn dang) hedc 4p lire thiiy tinh {d&i v&i tenxo tng suit); Tenxo léch
duge dic trung béi 5 bién dde lip. Trong Iy thuyét déo, dic trung cda tinh déo cla vit lidu chl
thé hign & tenxo lach, vi vy 5 him déc lip cda céc thinh phlin cda né dwge xem nhw 5 thinh
phin cda vecto trong khéng gian Gng sudt bifn dang déo.

Nhw & [6, 10] vecto bién dang ddo dwgce bidu dién trong khdng gian vecto 5 chitu:

f=ed  (i=1,...,5) (2.1)
vecto 1vng suit léch:

§ = 5;8; (’L.:]_,,..,5] (2-2}
&diy & (1= 1,2,...,5) 1a cdc vector don vi cita hé toa d6 DE cic cda khdng gian vecto 5 chidu,
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Pé lap thuit todn ta thira nhin nhin x4t sau diy rit ra t¥ thue nghiém bién dang do cda
mé hinh da tiuh thé: trong qud trinh bifn dang déo cda vit lidu da tinh thé, gia 8 vecto #ng suit
déo tirc thol AS, gia s8 vecto bién dang déo A€ vi vecto tng suit déo 514 dong phing:

A= ki A&+ kyF (2.3)

& diy cic hé s& v6 hudmg ki, k2 néi chung 13 ham cda théi gian vi lich st bign dang, x4c dinh
nhér hé phwong trinh xdc dinh ctia mé hinh va thyc nghiém nhu trong trwémg hop ba chidu,

Trwée khi trinh biy thuit todn ta nhin xét ring, mdt qiiy dac cong bt k¥ trom timg khic
trong khéng gian n chigu ¢6 thé xdp xi bing mét qily dao gdp khic (thing tirng doan). Vi viy ve
nguyén tic ta chi cin trinh bay thuft todn niy cia md hinh déo truwgt da tinh thé cho qily dao
bi&n dang gip khic 13 dd. Hon thé nira, ta chl ¢in trinh bdy thuit toin cho hai doan tuyén tinh
k& nhau vi thuit todn chuyén tiép tai difm goc

Gid thiét vecto chi phwong cda doan thing tht k& trong qfly dao bién dang gip khic cla ta
1a By, ta cé:

5 . -
Bo=)_ta (2.4)
. i=1 . ' .

5 ) ’ '

trong 46 Y, (vF)? = 1. D& dai doan thing thit k 13 L. Phwong trinh vecto cda cic doan thing
=1 . . ' ) .

cda qity dao bi€n dang gip khic 46 Ia:

Déi véi doan thu‘ nhit (k= 1) L= 51E1 056 <Ly
Dm v&i doan t‘.hu' hai (k =2): Eg =1, E1 + 8o By 0< 6; < Lo (2.5)
Déi véi doan thu’ kD= L1E1 + - Lk—lEk—_l + 6 By 0< 8 <L

Tir yid thidt {2 3) ta thiy mit phing mé hinh twong tng véi t4t <d cdc difm cda cing mét
doan thing gily dao bifn dang s& khéng déi.  Mit phing mé hinh cia doan thing thé (k — 1},
vecto Gng sudt § tai diém géc (giita doan {k — 1) va doan (k)) d3 bidt vi cic vecto gia s& bidn
dang cda cic doan thing cla gfiy dao bién dang gip khic dwoe cho trwde. Goi

s, AyETL agld ‘(z‘-z1,2,._-.,5) _ (2.8)

13 cic thinh phlin cla cdc vecto tng suft vi cc gia s8 bién dang twong tng &, AF_ 1 AE'k

Mit phing mé hinh T} cia dean thang th k nhin dwee tir Ty . bing “phép quay” quanh
vecto 5, vi vdy céc vecto chi phrong fl( ), 72(k) cda hd toa d3 D¥ céc trén T nhin dwoe tir cac
vecto chi phwong twong dng trén Ty _; ; Khi xdc dinh vecto fi(k}, f2(k) theo fi(k -1), f;(k —1)
ta khéng dwoge sd dung hai khai nidm “phip tuyén cda mét mit phing® vi “tich hiru hwéng cda
hai vecto” trong kh_c'ing gian vecto 5 chitu (lén hom 3 chifu). Trwée kh1 dwa ra thuat todn xic
dinh ta thiy f(k), f2(k) phai théa man cic digu-kién san ddy:

1) 9 (72(k), %) ~ 4(1‘1( = 1),) |
hay S o _

: - 5 5 &
Z S0 = Z s;o o (2.7)

i=1 i=1 - )
trong d6 s;, @y, of (z = 1,2,...,5) 1a cic thinh phin cda vecto 5, fl(fc - 1), _ﬂ(k) trong khéng
gian 5 chigu. o
2) Vecto f1(k) phdi 12 t8 hop tuyén tinh cla vecto AE) va vecto §:

ﬂ{k) = nlAE.k +*n2§'
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hay

]
filk) = Z (niAYF + nasi) & (2-8)
i=]

& diy mq; ng chwa bi€t, cin xdc dinh.

3) Trén mdt phing Ty & tn tai hai vecto fl{k) thda min hai digu kién trén. D€ duy nhit ta
chon f1(k) sao cho vi trf twong d6i cla 3 vecto f1{k), AEy va § trén mit phing Tk gifng nhw vi
trf twong ddi cla 3 vecto fi(]c -1}, AEy_, v §trén mit phing Ti_,. Didu nay cé nghia 13 hinh
chidu eda f1(k — 1) 1én phwong thinh phin vudng géc véi § cda AEy ., (trén Ti_;) bing hinh
chifu cda f) (k) 1én phwong thinh phin vudng géc véi § cda AE, (trén Ti}. Viéc chon nay din
d&n phuong trink: o

5
Shelel =) & | (2.9)

g = =i 7 (2.10)
{!Zi:l [,ﬁc—1 _ (sz:l,yj;_lsj)3£}2}1/2
5
. ﬁ_Qaqﬁ%%' (2.11)
i 5 :

Dwa vao 7 phwong trinh dai s8 tuyén tinh d6c lip (2.7), (2.8), (2.9) ta s& xdc dinh dwoc
7 gid tri al (i = 1,2,...,5) vi ny, ny qua cdc gid tri d bift hodc cho trwéc. Vecto fi(k — 1)
(@7 =1,2,...,5) d3 hoin toin xdc dinh & giai doan trude. .

M3dt cach twong tw ta s& xac dinh dwoce vecto fz{k){f!,7 = 1,...,5) qua cdc thinh phin cla
vecto falk — 1) (fi,i=1,...,5). ‘ _

Nhwr viy mit phing mé hinh cho doan thing qfiy dao thiv k dwec xic dinh cling véi hé toa
d6 DB cdc hai chifu trén né. Tir diy thuit todn cta md hinh déo trwot da tinh thé dwa trén hé
phwong trinh xic dinh [4, 5] dwee 4p dung cho doan thing qiiy dao bi€n dang thé k. Ci nhw thd
thuit todn Tin lwot tinh tit cd cic doan thdng cia qiy dao bifn dang gip khic bat ky.

Tré lai truwdng hop 3 chigu, thudt todn trén cho ta két quid di thu dwoc & [8].

3. KET LUAN

Vi vige xdp x1 qiiy dao bién dang déo bat k¥ bing dwong gip khic trong khdng gian 5 chifu
vi st dung khdi nigm “mjt md hinh” thujt todn dwa trén md hinh déo truot da tinh thé cda céc
tic gid Y. Ohashi, M. Tokuda, J. Kratochvil da dwoc méd réng cho trudng hop tdng quit nhit cia
bifn dang déo. Tir thuit toin niy ta thiy tinh di truy&n (phu thudc lich st bién dang) ma mé
hinh déo trwet da tinh thé thé hién t8t trong cic trwdng hop truée ddy ciing nhw sé giir nguyén
¥ nghia trong trudng hop tdng quét.
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Vigc mé réng ndy cho thiy cé thé chuwong trinh héa ty ddng tinh todn trong céc tng dung

cu thé.

L
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SUMMARY

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

The computation procedure of the slip model of polycrystalline 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 knowledges of Clifford algebra in the many-dimension (more
than 3) vector space. The results would be reduced into the old Iesults given in the more simple
cages.
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