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TOM TAT: Trong bai bdo nay chiing téi trinh bay co s& 1y thuyét ciia qui ludt ving xit
nhdt déo ciia bai todn m@t chiéu, Ly thuyét nhdt déo cho phép ta mé hinh thoi gian cé
dnh hudng dén quia trinh bién dang , va sau dé khi dat ngudng déo thi thoi gian la déc
Idp. Hiéu ving nay luén luén duoc biéu hién & mdi cdp dé ciia tét ca cdc vt liéu. Pdu
tién chiing t6i trinh bay thudt todn chung ,sau dé chiing t6i xét mot thi du bdng s6 cu
thé cho bai todn kéo thanh don gidn va ching dugc cai ddt bing ngdn ngi
MATLAB.Két qud thu dugc phdn dnh phit hop vdi co sé Iy thuyét.

1. Cd s¢ 1y thuyét :
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1o xo Ee
Hinh 1 Hinh 2

Khdi niém luit ¢ng xi ham vat liéu nhét déo mbt chiéu trén hinh v& véi md hinh luu
bi€n, bao gém bd ma sét trugt véi op 12 ting suit chdy, tacé : 04 = ¢ - o, vdioc la ing
suat tong cdng va Y 13 tng sudt cho phép, o4 c6 duge do bd phan gidm chan nhdt Viscous
dashpot, ¢6 Wng xt dan hdi tidc thdi do bd phan Linear Spring Dashpot cho phép tng suat tic
thoi vugt qua gid tri chdy déo.

Bién dang t6ng cong trén md hinh 13 : dan hdi va nhdt déo. :

g = 8. + Epp (1.1

Tatg o= o= Bt _ (1.2)

Ung sut xudt hién ¢ bd phin ma sdt ma gid tri ¥ng sudt Y 12 ngudng cho phép, oy 12 ting
suit ban dau, ng sudt chdy nhdt déo con phu thudc vio bi€n dang tdi bén.
Y = oy + H.gy (1.3)
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Trong d6 : H’ 1a hé s6 gbc tdi bén clia dudng chdy déo tdi bén, do d6 ng suit o,
trong bd phdn ma sat dugc dinh nghia nhu sau :

g = @ néu 6, <Y (1.4)
g = ¥ nfuc=0, ( Y
1
Lic d6 ta s€ chitng minh: €, =y (o —-Y); trong dé Yy =—
7
Ung suit & Viscous Dashpot 12 o4 lién hé vdi bi€n dang nhdt déo bdi :
B s (1.5)
&, = =ung,, . .
d "'[' dt u' vp .
V&i p 12 hé s8 nhét chid ¥ chiing ta c6 :
G =04 +0p (1.6)

trudc khi dat duge trang thdi nhdt déo ta c6 : g,, = 0 diéu niy din dén 64 =0 do (1.5) va o,
= o do (1.6). Bay gid ta thi€t 14p quan hé dng x& cho md hinh cd hai trang théi: trang thai
dan hdi va trang thdi nhét déo dan hdi:

Trude khi c6 x4y ra trang thdi nhétdéota cd :g,, =0 va tir (1.1) va (1.2)

tacbo = E.¢ (1.7
Thay (1.4) va (1.5) trong (1.6) ta thu dudc
de
= gpt+0g = (0y + H.ep) + U d"p (1.8)
t
Thay €, tir (1.1) va dung (1.2), ta nhan (1.8) véiE :
d
Ec = Boy + H.E(e-¢.) + uE ;(e —€e)
t
de do
Ec = Eoy + HHEe -Ho + uE— - p4—
dt dt
Biy gid vi€t dudi dang phudng trinh vi phdn cia ™ :
de do
HEe+ uE— = Ho+E(@©—-0y) + u— (1.9)
dt dt
Chia tat ca cho pE ,va sau khi riit gon ta c6
. © )
=—+vylo-|o. +He .11
Tk Y( (e, va R

1 Z
Trong d6 dit ¥ =— thong s6 dit trung cho trang thdi 1ong.

p s e o g
g, =& —&, =¢§ 7
T (L11)==> ¢,, = y(o - (o, + H%,, )) = v(0 -Y) (1.14)

Biéu thiic (1.14) xdc dinh tdc d6 bi€n dang nhét déo. Bay gidd coi 6 = o4 12 hiing s&
va nhi vdy dao ham theo bi€n t triét tiéu, trong m6 hinh lic d6 (1.9) trd thanh (ciing
chia cho pE)

s LI W o, -a,)

o, +1lo4-o,) LE dt  E

YH'e +§=y_
dt E
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day 12 phudng trinh vi phin thudng dang tuy&n tinh cdp mdt. Muc dich clia phin nay
12 cho tng sudt khong d8i, d€ khio sat sy bi€n dang thay ddi ra sao trong hién tugng

nhdt déo xay ra.

YH's + Zg = I{J—GA +y(c,, -—cry)
i uls (1.15)
o
glr=0) = g ==
(t=0) E
g(t) = g(0).e™™ + e J.q(x)e’”dx . pe=yH
0
T 1H o, +y(a, —o, (e‘” —1)—1—
E E ’ D
, G, — G ;
= Za g |G, 64 =3,) (1 — e ') riit gon ta cd
E "'
G, —0C ;
e Tk g TR [y ) (1.16)
H
A
&(t)
Hinh 3a
Ta
E >
N Bié&n dang tuy&n tinh vt liéu tdi bén t
&(t)
d6 nghiéng = (o4 - oY)y
Hinh 3b
|
E
P
0 Vit liéu déo 1y tudng t

J (1.16) H’ 0 12 hinh 4nh ciia bi€u d5 (Hinh 3a). Khi H’ ti€n vé 0, ta c6 thé
tim gidi han ctia (1.16) bing phucng phdp L’Hopital qua gidi han ta thu dugc

£(t) = %" +(o, —o, Iyt (1.17)

Hinh 4nh (1.17) 12 cia biéu dd (Hinh 3b).Thuc ra ta c6 thé thu dwge biéu thite (1.17)
tryc ti€p bing cdch tich phan (1.15) khi H'=0.

il
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2.Lui gidi s6
Nhdt déo 1a mdt qud trinh x4y ra nhanh chéng va do dé, quéa trinh gidi s 1a x4c dinh
dd gia ting bi€n dang va ng suit trong khodng thdi gian ta dang khio sit.
Vi t8c do bién dang nhdt déo ¢6 trong (1.14). ta dinh nghia d6 gia ting bién dang
Agj, xdy ra trong khodng thoi gian At, =t _,, —t_,theolugc db sai phin ti€n nhu sau

e, —€,, = Ae, =£&y, Ar, 2.1
Be *—)
Gt e
Ady Ady

Hinh 4

Ad; i=1,21a céc bién chuyén vi niit (i = 1,2) nhu trén hinh v&, va ta ¢6 su thay déi
chiéu dai ctia phén tit lién k&t véi do gia ting bi€n dang (2.1) 12 :
AD" = Ag) L (2.2)

Hon nita sy thay ddi tai trong Af "trong khodng thdi gian d6 cling phai k& dén nén ta c6:

L
ADT — AD] = AD" = Ag] L+—— A"
1 2 vp AE f

i "
Trong dé: ——  DPg meém 23]
g AE . (2.3)
Af"  (Luc) = DOmém x lyc= chuyén vi

& EA 3 st
Nhd rang T 1a d6 ciing cia phan ti¥ thanh, ta viét lai (2.3) nhu sau

éli[l—]]l:mpf] = AE(é(f,, At") 8

L AD:
Néu viét dudi dang ma trdn ta c6 :
[k©]. 29" = AV (2.42)
trong do
1 -1
ke = FA (2.4b)
L|-11
AD?
Ap" = "' (dd gia chuyénvimnit) (2.4¢)
AD”
. 1 AF"
AV" = AEE A, + |4 2.5)
-1 AfT
trong dé

n N Afln
A =
i
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va dai lugng AV" dudc goi 1a gia lyc, A" d6 thay ddi chuyén vi niit ; Af" lyc clia phan td.
Ta cling ¢6 : cdc dai lugng & thdi diémt,, vat, cé quan hé nhu sau.

"t =0" + Ag". (2.6)
Ac" = EAs’ = E(As" - Ac?) @.7)
A" = E[M — 8" Af } 2.8)
E vwp=n
"l = o" + Ac” (2.9)
n+l n n
o™ = &' + Ael, (2.10)
Va cudi ciing t8c¢ d6 bién dang déo nhdt tai t, 41 cho bdi (1.14)
ey’ =yl — (o, + H'el") @.11)

N&u ta ding luge do sai phan ti€n Eucler theo budc thdi gian, va vi bi dnh hudng tinh
chdt tuy€&n tinh s& 1am vugt qué sy gia ting cia cdc bién, do d6 téng ing suit " *' thu dugc
bdi su tich lu§ do gia ting Wng suit c6 thé khong con thod phudng trinh cin bing. Vay ta cin
thi€t gidi thiéu khdi niém “diéu chinh cdn bing” trong thut gidi s6. Phuong phdp dé la:
ddnh gia thém luc nit ngoai cAn bing tai mdi thdi diém va dudc coi nhu 12 lyc nit dude
cOng thém vao trong budc k€ ti€p tinh todn. Sy mét cdn bing chinh la luc thing du ¥ cho
mdi phin ti tdng quét 13 tdng dai s clia tai trong nit (s& hang thi nhat) va luc nit tudng
ducng (s6 hang thit hai) nhu sau

i ‘
\Pn+l - AGHHI: 1} & fn+! (212)

trong d6 A ti€t dién thanh , ¢" "' 1 ng sudt phdn t& va "' lyc tdng cong tai thisi diém t, .
Nhitng luc thing du nay duge cong vao gid luc v€ phdi ciia (2.5) cho budc tinh todn k& ti€p.

1
AV™! = AEEM! Atn+1|: 1] + AT ! (2.13)
1
AV = A(EEN At +0"”){ J + " A (2.13a)

Budc nay duge 14p lai cho mbi budc thdi gian cho dén khi 161 gidi s& dirng trong hai trudng
hop:
Hoic 1a da dat dén hét khodng thdi gian khio sat.
Hoic 1a diéu kién dat ngudng da x4y ra, nghia la khi toc d6 bi€n dang dan hoi nhét &) &
budc thi n di nhd cho phép, ma § nghia clia né dudc trinh bay ti€p dudi day .
3. Gidi han d¢ dai thoi gian

Khodng budc thdi gian tiéu chudn cho 13i gidi ding lugc do sai phan ti€n Eucler da
dugce Cormean dé nghi cho bai todn mot chidu 1a:

Gy
Al = —= (3.1)
VB
Tuy nhién theo kinh nghi€m cho nhitng bai todn lién tuc tong quat cé gi4 tri 1y thuyé&t
vé& khodng budc khodng thdi gian khong biét trudc, thi phin 16n nhitng thi tuc xit 1y van dé
nay 12 gidi han su gia ting bi€n dang déo nhét bdi mot hé sd r.
Aey, = €, At = r¢g" (3.2)

vp
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Vi tdng quit mi phan ti¥ c6 mitc d6 bi€n dang khdc nhau, nén bi€u thitc (3.2) s& cho
cdc gidi han khdc nhau. Do dé6 ta thudng 14y chung la:

At < r[i} (33)
EVP mim

.Trong d6 14y min cho tat cd cdc phan ti¥. P 6n dinh clia qud trinh 13i gidi thi cling phu thudc
vao gidi han chiéu dai clia mdi budc thdi gian lién ti€p vdi nhau nhu :
At ., < KAt ' (3.4)

n+l

Trong d6 K 1a hing s8 14y theo kinh nghiém trong khodng [ 1,5 ; 2,0]
4. Thuit toan

LJi gidi ciia bai todn nhdt déo duge bit dau tir cdc diéu kién ban ddu cho trudc tai
thdi diém t=tp =0 (n=0) tudng Wng vdi trang thdi Wng x& dan hdi. Nghia la tai trang thdi ban
diu nay ta bi€t dugc chuyén vi ¢°, luc nit °, bi&n dang €°, ing sudt ® qua cdch gidi clia
phuong phdp phin t& hitu han thudng 1é ta di bi€t va bi€n dang nhdt déo nhdt ban dau
€,, =0 .Sau dé chuyén sang trang thdi déo nhdt , thii tuc tim cdc tham s dic trung nay tit
budc thdfi gian t, dén t, , | nhu sau:
Budc 1 :
Tai thdi diém t=t, (n#0)cdc gid tri o", €", g,, , {" dudc tinh cho mdi phin tir va chuyén vi

niit d3 dudc xdc dinh. Téc d6 déo nhét cho mdi phén ti dudc tinh bing biéu thitc (1.14) 14 :

¢, =1lo"-(0, +8'5},) @.1)
Buoc 2 :
a) Tinh d6 gia ting chuyén vi : Ap"
Ap"= K. AV"

1
Trongds: AV" = AE€] At, [ J + A"

1 -1
Matrdgndécing: K© = 2]
L |-1 1

b) Tinh d§ gia ting ng sudt Ac" va d6 gia ting bi€n dang déo nhdt Ag;, cho mbi
phan ti.
ADT — AD) .
Ac" =E [1——2— - € At J
L vp n

t . 15
As,, =&, .At,

Budc 3 :
Xdc dinh téng chuyén vi, ting suat va bi€n dang déo nhdt cho mdi phén ti.
(pn-ﬂ - (Pn g tﬂ(P"
o™ =0o" + Ac”
+1
€, = &, +Ag)
fn+l - fn + Afnl
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Budc 4 :

Tinh t8c d6 bié€n dang déo nhdt cho mbi phan tt :
en = o™ ~(o, +H%e}" )

Budc 5 :

Ap dung phuodng phap diéu chinh luc cin bing. P4nh gid Iuc thing du cho mdi phan tif bing
cOng thuc :

1
1Pn+l :AGnHI: 1] +fn+]

Cong véctd nay vao véctd tai trong gia ting cda tiing phin tir dé dung vao budc k&
tiép.

1
AV = AEE"! .At"+,[ 1] + AFT !

AVn+l

1
ACEELT Kb, +0"“){ J + " 4 AP

Budc 6 :
Kiém tra tc d6 bi€n dang déo &, cho mdi phan tit d€ xem dd nhé cho phép chwa?
Né&u dit ngudng cho phép thi qud trinh dirng lai tai ddy hodc gia ting tdi ti€p tuc va qud
trinh 13p lai quay vé budec 1.
Néu chua dat ngudng cho phép thi qua trinh bit diu lai budc 1 cho bude thdi gian k&
tiép.
5. Thi du bang 56
Bai 1: bai todn vé sy bi€n dang déo nhdt cia mdt thanh don gidn (Hinh 6) chiu t3i trong
kéo khdng d6i, chiéu dai thanh L = 10 don vi , ¢6 cdc tham s 12 :oy = 10, tdi trong P =
10 don vi, E = 10.000, ti€t dién thanh A = 1 don vi dién tich, hé s& nhét y = 0.001 . K&t
qua 12 Hinh 8 phi hgp véi hinh vé& 4. Sau diy ta xét Bai 2: bai todn vé sy bi€n dang déo
nhdt ctia hai thanh don gidn ndi song song (Hinh 5), chiu tdi trong kéo khong déi, chiéu
dai hai thanh bing nhau L = 10 ddn vi, tdi trong P = 15 ddn vi, trong do” tinh chat vat liéu
¢6 cdc tham s module din hdi E = 10.000, ti€t dién thanh A = 1 don vi dién tich , gidi
han @ng sudt cho phép ciia 2 thanh 12 o, = 20, o, = 10, lién quan téi hé s6 nhét y=0.001
(thdng s6 dic trung cho trang thdi 16ng ), hé s6 gidi han sy gia ting bién dang déo nhét 1
= 0.1. Chii ¥ thong s6 t4i bén bi€n dang H = 5000. K&t qua su bi&n dang déo nhdt thé
hién trén hinh v& Hinh 7.

NP7 P07
b1

L=10 L=10

P=15 P=10

Hinh 5 7 Hinh 6
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25

The End Displacement (Nut 2)
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5 . N 4 x = ¥ 4
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16
Time
Hinh 8
6. K&t Ludn

Hinh 8 13 chuyén vi clia niit cu6i véi thdi gian cho phén t ¢6 xét dén nhét d€o chiu tdi
trong kéo khong ddi. K&t qué 12 Hinh 8 phi hgp vdi hinh v& 4.
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Hinh 7 12 chuyén vi clia nit cudi véi thdi gian cho hai phdn t ndi song song c6xét d€n nhdt
dé&o chiu tai trong kéo khodng d8i, do thanh phin oy & hai thanh ¢6 khdc nhau ,nén k&t qua
thé hién trén Hinh 7, gidng m6 hinh ba trang thdi dan-nhét- déo.

VISCOPLASTIC PROBLEMS IN ONE DIMENSION

Nguyen Phu Vinh

ABSTRACT: In this paper, the basic concepts of viscoplasticity are introduced by the
consideration of one-dimension situation, viscoplasticity theory allows the modelling of time
rate effects in the plastic deformation process .Thus after initial yielding of material the plastic
flow, and the resulting stresses and strains, are time dependent.Such effects are always present
to some degree in all material. All the essential features of viscoplasticity can be demonstrated.
Finally the solution process is coded in MATLAB.
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