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MG RONG MO HINH DEO TRUGQT DA TINH THE
CHO BIEN DANG PHANG TONG QUAT

BUI HUU DAN, J. KRATOCHVIL, M. SATRA

1. MO DAU

M5 hinh déo trwot da tinh the dwoc cic téc gid M. Tokuda, Ohashi, J. Kratochvil dwa ra dra
trén cac kifn thic siu sic clia vit 1y tinh thé vi cic k€t qud thirc nghiém méi nhie mdt cach hé
thong [1, 2]. Sau khi phan tich nhirng gid thift co ban cda md hinh phi hop véi ciu tric da tinh
thé cia kim loai, cic tdc gid di dira ra mét hé phwong trinh xic dinh eda Iy thuydt déo tir cdc
tham s& c3u tric tinh thé vi m5 - bin vi md cla vit litu kim loal. Tuy & nhirng y twdng ban d3a
cac hidu tmg vén t8c {bi€n dang hojc dit t4i), hidu dng nhitt d3, ... chira -duge xét d€n, nhung
nhigu tinh todn cu thé d3 dwoc tinh todn va so sinh vé&i cic k&t qud thi nghidm. Viée so sanh 47
chli r& tinh siu sic va ding d%n cia mb hinh niy.

Vi ly do k¥ thuit cdc thi nghidm qud trinh bi€n dang ddo chiu tii phitc tap cho den nay rit
han ch&, méi cd it phéng thi nghiém thwe hién duge cdc thi nghifm véi qué trinh chit tdd hai
chi®u vi mét vii truong hop cd bidt, [3 ba chidu (tii téng quit dwoc bigu dién trong khéng gian
6 chigu).

e} day cic tdc gil m& rong thuit toin mé hinh ddo trwgt da tinh thé cho quy dao bién dang
tong quat trong khéng gian 3 chitu, trong dé véc to bién dang ddo

&= g1&1 + €28z + 383 (1.1)

v&i cdc thanh phin bifu difn qua cic thanh phin cia ten xo léch bién dang:

€y = €11,
2 .1

£g = \/5(2211 +622) _ (1-2)
.2 .

= €12.
€3 \/g 12

Ciing trong khéng gian 3 chifu dé ta c6 bidu difn clia véc to img suit:

F= s181 + S8y + 53éa (1.3)

qua cée thanhk phin cda ten xo lch éng suit:




3

$1 = 5511y
2

8g = \/‘73"(—21—511 + 3:2). ' (1.4)
53 — \/5312-

Cic véc to bidn dang déo, véc to dng sudt véi cdc thinh phin xdc dinh nhir trén (1.1) - (1.4),
bifu difn dwoc trang thii bién dang t8ug quét cia céc bai toin phing [4]. Vide m& réng thuit
todn cla mé hinh dédo trwet da tinh thé cho cic trudmg hop ndy dwoc dng dung cho tdt i cic
bii todn phing cda 1y thuyt dédo cda cdc vit lidu kim loai {cAu tric da tinh thé).

2. MO RONG THUAT TOAN

Céc tac gid cda md hinh déo trwot da tinh thé bing cdc phén tich co chd vi md cda bién dang
déo d3 st dung céc lién hévi mé: dinh luft Schmidt vE gid tri t61 han cda dng seit trugt cho mét
hé triwot hoat déng, dinh ludt t4i bén [6]. Cdc tdc gid da 4p dung md hinh nay tinh toin cho vit
liéu kim loai d6ng da tinh thé [2]. K& qud tinh todn thé hién dwoc cic tinh chdt tinh t& cda bidn
dang déo: hidu @ng Bauschinger, hidu ng t4i ben va dic biét thé hién cd hiéu wng dia phwong
{twong Gng 13 cic hidu wng chim vi céc hidu démg bio hda delay effect and a sarurated effect).

Tuy viy thuit toin 46 méi chi 4p dung cho mét mit truwot hoat ddng trong hat dom tinh thé
va trong mit trugt 46 chl cé 3 cip hwdng trugt lip v&i nhau cic ge 60° hoat ddng. G diy mis
déo cia don tinh thé dwoc bidu didn bing ling tru luc giac {3, 6]. Trong khéng gian dmg suft 3
chigu (1.3} - (1.4), cdc dic tring trén 12 ¢d cic quf dao bin dang luén ludn ndm trong mdt mit
phing cd dinh cia khéng gian 3 chitu d6. DEi véi cac tinh toin wng dung dé 1& mdt han ché 1én
can khic phuc. Cé hal hwéng md réng thuit toan mé hinh: Phwong phdp dé thdy nhung khé
thire hién 14 xét d&n t&t ci cic hé truwgt trong céc hat da tinh thé < thé ¢ trong cfu tric da tinh

thé cia vit Lidu, phrong phép khéc 1a dya vao cidc nhin xét vé bifn dang déo, mé& réng thuit

toan cho cic qily dao bién dang phirc tap hon. O diy ta chon phwong phép thi hai

Dwa vao nhin xét tir thwe nghiém cda Tanaka (truwdmg dal hoc Nagoya Nhit bdn): Trong qua
trinh bién dang cda da tinh thé, véc to gia s§ ¥ng suit twong dmg véi gia s8 bidn dang d3 cho
luén ludn nim trong mit phing xdc dinh béi véc to dng suit tivc thri vi vée to gia s8 bién dang
(ta gzt 1A m3t phing ms hinh), tie 1a:

As= K Ae+ KyF {2.1)
& ddy K, A; 1a céc ham cda thoi gian, 49 dai quy dao bién dang va hinh dang cda cia quy dao

bi&n dang trudc d6.

Qu¥ dao bién dang cong bat k¥ trong khong gian ba chidu duwoc xdp xi bing dwdng gip khic
lién tuc nén thuit todn chi cin mé réng cho dwdng gip khic bit ky. Theo tinh chit quy nap ta
xiy dung thuit toin cho doan thing gip khic tiép theo bit ky khi thuit toin da thwe hién dwec
cho doan thing gip khic truwée né.

Cho trwde cic véc to gia 8 bién dang cda hai doan thing gip khide d6 la:

'd.e = (Ais A'Z) AS):

- (2.2)
Ae' = (A], AL, AL).

Véc to dng suit twrong ¥ng tai difém gdp khic gita hai doan thing trén di xdc dinh dwoc:




§.= (31,52,83). ‘ . ’ (23}

D& thiy: Mit phing md hinh 8 khong d8i khi trang thai dang xét vin twong fmg véi cing
mét doan thing cla dudng gip khic. Ta goi mit phing mé hinh dng véi hal doan gip khic trén
BT, Te.

Gol véc to chl phwong cda hé toa 43 hai chidu trén ) 13

fill) = (an,az,23)  va (1) = (A1, B, Ba). , (2.4)

Ta cin xiy dung trén T; hé toa 43 co s& va thiét 13p Lién hé véi hé toa 45 trén Ti. Theo
dinh nghia, mit mé hinh T, chéa véc to § vd Ae’. Ding bidu thire xdc dinh (IV.2) trong [4] thi
T, dwoc duy nhit bdi phip tuyén: .

N §x Ae
f(2) = Rm = (n1(2), n2(2), na(2)) =
(82— s3AL s3AL s AL s AL — spA]
= R( N TN T W ) (2.5)
& diy
IN| = |5x ael. ' (2.6)
Hé toa d5 hai chidu trén Ty:
f1{2) = (o, b, a3),
1( ) ( 1 2_ 3) (27)

_ £2(2) = (81, A2, Ba)
nhin dwoc tir hé (2.4) bing phép quay quanh véc to éng sudt 3.
Pé xdc dinh cic thinh phin cia véc to co s& (2.7) ta cb cdc nhin xét sau:
1) Véc to f1(2) va f2(2) vudng géc v&i nhau va vudng géc véi véc to phap tuyén (2) xic dinh
bdi (2.4). Ditu 45 cho -

fi(2)-7(2) =0,

o 2.8
f2(2) {2} =0 (28)
hay dang thanh phin:
oy ny{2) + anna(2) + agng(2) = 0, ! (2.8
Bina(2) + Fyna(2) + fyna(2) = 0. '
2) fi(2) va f2(2) nhin dwec tir (2.4) bing phép quay quanh véc to &, nén: ‘
A 5= A5, | 2.9)
L) #=fa(1) & .
hay dang thanh phin:
a8y + ahsg + agsy = ay8) + apsg + (383, (2.9

B131 + Basa -+ Bysa = fisy + P25z + fHass.



3) Véc to gia s bi€n dang Ae' thudc Th nén bifu didn tuyén tinh dwoe qua hai véc to fi(Z),

al1):
A = A fi(2) + Az f2(2) , ' (2:10)

& Aay cic hé s8 Ay vA Ay c6 thé dwoc xdc dinh bing cich nhin vé hwéng Ae’ Iin lwet véi fi(2),
f2(2) ta 6 ‘

A; = A'cos (Ajs’, ﬂ(2)) = Ala, + ALag + Asod,

B (2.11)
Ay = Al cos (Ae, [,{2)) = AL B + ALSL + ALBy
& day :
A = 8] = (A2 + AL + AR2)YR
va cic gbe giira cac véc to f1(2), fz(2) v6i Ae’ c6 lign hé:
(ae, fi(2)) =w=a+¥,
- T " (2.12)
(Ae, f2(2)) =~ ~w= - —aTF4
| : 2 2
Céc gbc a va f 14 cdc gbe da xéc dinh
= A_E:’,s , : '
( %) (2.13)

8 = (5, f1(2)).

D4u trong biéu thic (2.12) dwoe xdc dinh phu thudc vio vj tri twong d8i cla hai bd véc to
(7(2),5, &e') va (7(2),5 f1(2)) (hinh v&); Céc biéu thirc (2.12) c6 thé bigu didn & dang don tri:

(A, 1(2) =w=0a - Kb,

(8¢, f2(2)) = 323 ~a+ Ko (212

vl

= T At
Ms—ﬁ‘i) (2.14)
[7{1), 5, f1(1]]

Nhwr viy cidc phuwong trinh dai s8 tuyén tinh (2.8%), (2.9°), (2.10) va (2.11) cho phép xic dinh
Abng thii cdc thanh phlin cda f1(2), f2(2) va A4, A theo cic vée to twong ng 43 bidt & doan
quy dao bién dang trwée d6. Tir ddy ta c6 diu di s3 1idu 4p dyng thuit toin cia mé hinh déo
trwot da tinh thé véi mit trwot 13 mit md hinh T, cho toin bé doan thing méi cia quy dao gip
khic, Thuit toin nay lai dwec lip lai cho c4c doan qu¥ dao ti€p theo.

K= sgn(

3. UNG DUNG THUAT TOAN MO RONG

R6 rang véi két qud mé rong & phin trén, k€t hop véi thuis todn ddo trwet da tinh thé cho
mdt mit truwgt [2] ta cé thé tinh toin dwgce cho cic qui dao bifn dang bit k¥ tronh khéng gian
bién dang ba chidgu. Todn bd qui trinh niy di dwoc thé hién qua chwong trinh tinh todn 13p ghép
véi chwong trinh cla céc tdc gid md hinh (2, 4] vi ¢6 so @6 tong thé m6 ti qua ban khai chinh:



So db 1: So 45 tong thé cda thuit toin dédo trwgt da tinh thé m& 1ong

I II 1
- 88 liéu vio Xip xi qiiy dao Xée dinh mit md hinh
- Céc tham 86 vis ligu - bing duwéng 7 vi toa 46 trén d6
- Qily dao bién dang gip khic (cho doan thi k)

|

Thuit tedn déo truot

(k+1) L da tinh thé v
cho mét mit trwgt (k)

So do 2 : So d5 cha khéi IV

Pra 88 | Xé&c dinh R ) Thi€t lip cic phuong trinh
lidu vio Xdc dinb n{2) (2.8, (2.9%), {2.11)
Thiét 1ip Giai hé (2.8'),, (2.9}, (2.11),
(2.13), (2.14) va (2.12") tim o, o), af

Glc)li llé (2.8’)2, (2.9’)3, (2.11)2
tim A1, B3, Fy

Sau diy 13 mot 8 k&t quéd tinh todn bing s8 cho mdt s& quy dao bién dang dic trumg (tir
hinh 1-4} d3i véi vat lidu dBng da tinh thé, véi cdc hing 56 vat lign thire nghiém 43 dung & [2].
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Hink 1. K& qud tinh todn cho qily dao gip khfic 2 doan
a) Quy dao bifn dang
b) Gid tri cda véc to fmg suit
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Hink 2. Két qui tinh todn cho qity dao gip khic 3 doan.
a) Qiiy dao bi&n dang
b} Gid tri cda véc tor dng suit
¢) Bifu thién cda géc o & doan qlty dao thir 3

d) Gi4 tri cda ting thinh phin cda véc to dng sudlt
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Hinh 8. K&t qua tinh todn cho gqiiy dao gap khiic trong khdng gian 3 chigu.
a) Céc qity dao bién dang

b) Gid tri cda céc véc to rng suidt T twong dng véi cde qliy dao bign dang.
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Hink 4. K& qua tinh toin cho qly dao

cong 3 chiéu -

a) Qfily dao bién dang

b} Gid tri cla véc to dng sudt &

c) Bién thién cia géc « giita Ae v §

€) L



4. KET LUAN

Thuit toin mé ring & trén cho phép tinh toin dwee cho moi quf das bién dang cho trwée
.trong khdng gian 3 chi®u vi cho cic két qua cin thift; Xét cac két qud tinh todn thu dwge: Cuwdng
d5 tmg sudt s = [3], g6c tao bdi véc te img suit vi véc to gia 5 bidn dang (ti€p tuyén cda quy
dao bifn dang): o ta ¢6 mbt 58 nhin xét san déy:

a) Cwdng 44 ¥ng sudt gidm 45t ngdt ngay san mdi diém g?a'p khdc cia quy dao bign dang,
gap khic cang 1ém thi sy gidm 46 ca.ng lénva sé ting dan khi quy dao bifn dang ¢6 huo‘ng c8 dinh
(d5 thi 1b, 2b, 3b, 4b).

b) Géc gilra véc to wng sudt 7 vi véc to gia 88 bién dang Ae 38 d5t ngdt tai-didm gbe va
gidm d¥in khd nhanh (c6 thé tidn t&i khéng - § vi Ae cé cing h!rérng khi quy dao bign dang giiv
nguyén hwéng dd 13u) (d5 thi 2¢, 4c).

Nhin xét a) chi r3 tinh chit ¢4 “tri Rhé” cla qud trinh bién dang déo. Trang thai bién dang
déo phu thuée qui ‘rinh bién dang trwéc d6. Nhan xét a) va b) con thé hién hitu img dia phwong
clla bién dang déo; trang th4i bién dang déo phy thuoc nhidu viae qué trinh bién dang ngay tru'crc
dé va gidm dB&n sy phu thude d8i v&i qui trink xiy ra cing xa v& trwée.

Cic hiéu dng Bauschinger va t4i bén cling dwee thé hién qua k&t qud tinh todn : d6 1a wu
difm von cé cda md hinh.
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SUMMARY

EXTENDING THE SLIP MODEL OF POLYCRYSTALLINE PLASTICITY
FOR THE GENERAL PLANE DEFORMATION

The computation procedure of the slip model polycrystalline plasticity was extended for the
general broken three - dimentions strain tralectories {approximately for arbitrary three - dimentions
tralectories). The system of equations determining the model plane and the coordinate system on
1t was given and solved.

The procedure was applied for some special type of tralections. The anisotropy, delay effect
and saturated effect of the plastic deformation has been shown and estimated.




