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Characteristics of Luders Deformation and Their Computer Simulation Based on a Work-softening Model

Ryuta ONODERA, Izumi MORITA, Ryuta KAMIKIHARA and Masatoshi ARAMAKI

Synopsis

: We proposed a new constitutive equation to explain the Portevin-LeChatelier effect. In the present study, we have examined whether the

equation is applicable to the yield point phenomena of low carbon steels or not. By using the constitutive equation, some characteristics of

the yield point phenomena, i.e., 1. stress difference between upper and lower yield points, 2. yield point elongation, 3. strain rate in Luders

band and 4. velocity and width of the band, were predicted. To determine these characteristics experimentally, tensile tests on low carbon

steels were carried out at room temperature at various strain rates. Local strains were measured by using strain gage stuck on the specimen

surface. The prediction based on the constitutive equation showed a good agreement with the experimental phenomena. Some discussions are

also done regarding on the validity of assumptions adopted.
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Fig. 1. Dimensions of specimen and two types, A and B,
of location of strain gages 1-5 stuck on the speci-
men.
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Fig. 2. Load P (nominal stress o) vs. crosshead displace-

ment & (nominal strain €) curves of specimens
stretched at various strain rates. The strain rate in-
creased tenfold during the test. Solid circles indi-
cate the values obtained by work-hardening equa-
tion .

BR(2)A(5)DERDBZIENTES, TAbLEL=0
TERTOERIEBFIZFERT 2 &30S,

Ye, =K(ut—Y le,)! Sy(1—g)—~(Yinty+Yir)e,

—Ce;+Yi{1—exp(—ag;)}

L%, ZZTK=20kN/mm3iRERHE DRI T Fig. 2127
L-MEAMREHROEZ » L ETE 5 (EHHEIZ 23
kKN/mm) . «(3515REE, I=1mmIdBROE X, 5,=50.26
mm’ IMHEETH 5, HAE-HOBATIZ TR TOER
j=1-80IZ>WT&bh3,
ERH(1DIBEPOGHEZO, (2)BOBERIZIREL
T EIIZTB80, XOK> 57 7=y 2%l -,
HBEFE, PIATERL RBFO—FOEBIZHYST 3)
PORREIEIB[AIIBZOBEEDAS & 2% /N <,
Yint,+Yiry2 2% KE L7z (R(6)DPINEDLFDEE
WIIRZRENTNB), EZBDBHIZE, [HE2ERIE
LB BROERNRI DRI A5 LS EX
EIDNOETERERT 57729, (ZFHOERIZIZ



)2 — & — 2EHOBE L MTHRILE FUIEDSVARZDY T 2L — ¥ 3 VHBEORE 721

o-pmp,k=ao—k{(ek+l_£k)—(€k_€k—1)} """"""""""""" (7) DOELSICEIREE AL Z A1, 1. BR5E % n=80

& BIENAHME RS LR L, 2 2T o, 3ERIZER L, BEESIZImmk LT L iﬁiﬁEﬁﬁ‘é_EL=80
LT BABIE T D | EIE(Yin+Yirg +Kue—Sleys, ™ 2 MIWALHBaE00L LR L, 3. (RHHHRE
S LG, R, FIARIBEOEROAAEH L.~ COMERALIL, OZRTHS,

BA, 2BHOERIZIE, R(6)DYe,IlMA T, aoye &
BISAKMIMEINBZ L 28K T S, MUT, a2EZ8BRE
LIEE, aOERTERE &, (GIERERRN 2 8)
FRHWT,

3. XBRiER

Fig. 312RBRF (5-A)% 6 (3-B) X TOARICIES, 7 —
UTRIN X N BRI A SBIREE Z LT Y. B
a=0.66é;,0.6 ...................................................... ( 8) Fﬁﬁ‘(“é 50 5.A (1: W 5 %ﬁﬁﬁéﬂ%‘i$t@%ﬁgﬁ§ 10—5 s—l
CEABRBE L. BIERT BN, R(syps 3. BT UMHESATESI AR, ¥ VR
Lot s VERLEBRRE BE I I0ks s FRBRNEBEY o - & - ARRBARIBREZPT
Bz » 0 Th B, R(8)E, £,=5x(1075 1074 107 2 TOREREBELALYD (FHEREO 1050

s L CIEIE =256, 64, 165 5 % 5. LITF) 2Ry, eis AR 2k e @8 Ltbo ik, F
PEEL®T, BRICERTIEN Yo, 0 ld, R(6)e  IBRETHULBEMD.,
(T)YOR, Table 11ZFig. 34 686 h =542 —ERICL TR
T UTFIZZh ZhoEEIZ OV THREY 5,
Yy irue = Yo, b G, 7070 ereesesesmsesmseseesssnsss (9) D) EEEERIE N o, 23 IAERE & 21 P RIS
THBERELE, LEMoThkEHDEZDEHE IR » 3 HFOMEEIFEE T AV, BNEIA L BORET, B
(DHEAVWTRATEREN S, RISFNZ R B ERH S 5018, ZhThORBRR &0

LELDICHML D TH D, FEEERILT o, 13515
HEE A 10651285 T L 1210~30MPa¥ML 72, T DR
R(6)-(10)F FTRTOERIZOVTELMAFERE LT B HETEACIIEEREORMME & & ICHAMERIZS -
RE, AMBHEELEBOBEKE LTk, MBEXK 7o

a u=0.004mm/s - u=0.004mmen/s
300f Specimel A (&=5x10"5s1) < 400 | |Specimen 5-B (& =5x10-55-1)
o e 100s
3 . 100s, 0.4 mm (0.5%) |, E . | 0.4 mm (0.5%)
E \ -0 o [ b i \chchat LA
t’200 3 P - -«ag 42
gage 1 Ag> . 200 AE > .
2 S gage 1 &
100} 3 /4 A Tw
0.066%/5// < <
0 400 > 0
imen -7 S04 FODmes
m3oo - /| [Specimen 4-A| o e Specimen 4-B (&=5x10-s-1)
o - g 43
=
Z
© 200
gage 1 28 -
. g
100 20 1 14
08 mm (1%), 08’150
| ISR |
0 400 0
Specimen 3-A] u=0.4mm/s [ [Specimen 3-B] u=0.4mm/s
(&=5x10"3s"1) o (£=5x10"3s71)
« 300 - o
S Z300r- -0
o 43 Fig. 3. Nominal stress ¢ and
2s , local strain Ag vs. time
200 0.8 mm (1%) 2 (or crosshead displace-
&£ ment) curves obtained in
w three kinds of crosshead
1< speed. “Specimen 5-A”
means the average strain
lo rate 5X107° s™! and the
Time or Displacement Time or Displacement type A of gage location.

43



I 722

§% &M Tetsu-to-Hagané Vol. 87 (2001) No. 11

Table 1. The characteristics of yield point phenomena ob-
tained experimentally.

] 1
Specimen No. 55A 5B , 4A 4B , 3-A 3B
Crosshead | T T T o
X 4

speed (mm/s) 0.004 : 0.04 : 0

Mean strain
5 1 5x10-4 | 5x10-3
rate () ‘o] S0 X X

Upper yield i f
wress (MPay Ou| 308 343 | 308 339 | 318 353

Lower yield 1 |
wress vpay O] 298 238 | 238 250 | 259 261

Stress decrease ! 1

Ag] 103 105 70 89 59 92
(MPa) I 1
Maximum rate . : :
of load decrease P 35 86 1 43 68 | 66 190
(kN/s) ] \
Yield point | ]
A

congation () " Y| M 16, B 2%, 2T 28

Strain gagel] 1.9 17 ! 23 21 1 25 26

measured  Bage2| 14 16 : 20 20 : 28 -

bygage (%) gage3| 1.3 16 | 24 20 | 21 25

A gaged| 1.3 16 | 18 22 | 25 24
fc  gages| 13 16 , 15 24 | 26 25
Maximum  &agel} 0085 00010 ! 00066 00071 ! 0052  0.040
strainrate ©age2 | 00015 00011 ! 00091 0015 ! 0071 0058
(s1) eage3] 0.00066 0.0012 : 0021 0012 : 015 0045
Erax  £2804] 000052 00012 0.015 00076 | 0.050 0093
_____ gageS | 0.00066 00012 ) 0012_ 00090 ; 0067 _ 0.033
Av.strainrate £ga | 00006 00011 | 001 001 | 008 005
] T
Vap U/ A £y (mm/s)]  0.27 025 | 19 1.8 | 148 16.0
tas etc. (s) ty=T2 =127 : t=T4 =165 : t,5=1.25 t,;=1.85
Ogs etc. (mm) | dss=0  dis=32 | d1s=18 d;5=32 | di5=18  dy5=16
Vex™ /135 etc. 0125 025 | 24 19 1 144 86
(mm/s) | )

Wep=u/Eg, (mm)] 6.7 36 | 40 40 | 50 80
————— R Rl et e
At=Aey/gg, O] 25 1, 23 22 | 039 0.42

Wex = Vex At (mm) | 31 38 | 50 42 | 50 3.6
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Fig. 6. Nominal stress o, local strain A€ and local strain rate £ vs. crosshead displacement & curves for three kinds of average

strain rate 5X107° (a), 5X107* (b) and 5X 1073 s™! (c) obtained by computer simulation.
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Fig. 8. A similar figure to Fig. 6(A) in
the case of two Luders front.
In this case the initial yielding
occurs at a middle element 41.
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Fig. 9. Effect of the value of parameter a
(a) and @ (b) on the relation be-
tween yield point elongation Ag,
and average strain rate £,,.
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