9527 BT
Volume 27 Number 7

TEERERFR

The Chinese Journal of Nonferrous Metals

2017 47 A
July 2017

DOI: 10.19476/j.ysxb.1004.0609.2017.07.15

ETRETERENEE

E4aim s A2 IETTS

R R, AKX £

F, ALF

(HE TR SR TAEREFTRT, 45BH 621900)

O ARSI AT B, SRR T S T AR < (R S S < ) A IS i A AT (s . S
TIRgEd R A D SN REZ AR RE R P BB, HES T IRARa N ) I MBI A, IF4 I T RIS
FUBIERE . BB < 2024, RS IEJ5 RGN Y. 77— WAR R 8068 Hs A i R P il ) due /I gt A2 A0 A e
A7 TP, JF5 SR AT T RS WA R A IR R, W e AR T AR PR IO S 5
A, HlF WS SN D 2 R FE— 2, I T %18 IR 5 E A 2k -

KEEIR MBI Iy dmiin AR DB, AR

XEHRS: 1004-0609(2017)-07-1433-08

fi; AEIE
FESES: TG1IS

XEktRERS: A

A BRI EAE RO < R 2R PO i 23 A 11 2 2
WEFLT- B MHER AR 8 Y — 38 50 R b 1% #E
BATEAE A TR R P TR BB IR T AL
TN IPRZS, BRSS9 5 T DR T AR T
(RN )= AZ e, Fir LA o] SR IBCAEAff ¥ s 246 97 50 B
PARNVE SRR R IR

FUR, < ARE S 2 ) — WA 56 2% B 4l
RFRBAE B I 48 SRR, R s Sk il
IR EEE LA, DA A IS i R b i R RF 8
SINIPIRAS s 00 AR Ry S92 SE P < R ) P A it
B PR i 22 e v S AR R T R 8 I I
oy T PR 240 RS2 ) 1) 75 92 £ AT DA U — 23l
Ao EAR A T O 70 s A i e v MR 45T
2K BN B TP, IR 0 T KA T I 4
Ve BRI FAN AL, 2 IS 3 IR I, P
fi T ) A7 P 2 TR sy TR T 7 A W A
VEVEAR T DTS2 05 RE R BR AR~ COOK
SR AT, B 2 AR ] AR L I B A A
Fs 45 S 56 2. ) Bl AR LA A R R, M EAS 3]
KAR L TF K OCEE BRI (KN 75, 73 1
X Vs 24 T B S PR LT AU DL K 20 BT, (EL ARG R
R PR TR AR EE T L, 2 KAR EL ORI A

Gy eI, TS BRI — RN
R SRR A i T EE R A B, BTN BN AT IR IE,
S LA 28 3 10 O L A P ok v
A, AT A, i RE AT D BB
REAE L PR BRI, I LAY B3 R DR BORAIE B A 42
fio T PR B o (AR IR AL RE AR, BB BRI,
W T PR AN ] DS AL T AN R BE R, A
) R 2 )i 2 e AR A L e, PR W R B AR £
PEU, T LA T R HRAT A A AR MK 2 B B R
BRI S S IETH S BRICLASE,  H i oA I
AL S0 FIBE SR 45 45 (1) 3 Al ) SR A VR T,
(EX U7 15 4 N 5« JUART 25 55 DA PR 4 DR 5%
I HER IS B R « BIRR YL, RIR S P
Lo AT BRITTT o0 i T PE R 2R B IE A 3 B 5
S e B R PRV, 32 3 T PRE AT A 1R S 2 P P i
JR o

SO ) 1 G R T 52 2% EE AT (¥ 7
B, SR 2R PRy e 0 T A A W oA ok T R4 24
PO AL TR o T A e i et o
{14 REF2E T 1 A 5 s A R s N ) PR U IE 2 5
[N 25 S AT IR TT o BT, RN AT IRAE I, 3k
U SR A R HRER IR IS A TSI JT— AR AR

EEWE: EXAARRAREE I H(11472257); FE TR A TR T G 5 A Rk & % B 10 H (13CXJ09)

Wi HER: 2016-05-26; f&ITHHA: 2016-11-02

WBIEEE: T &K, BYEOISTA. Wif: 0816-2484030; E-mail: jiadong@mail.ustc.edu.cn



1434 oh A G 2R

201747 A

1 REINNEETZE

1.1 EEEEZAN

7 iy 110 JBE P68 55 20 RAEAE N, TR 4 40 7 B A1 2y
W B AL Ry PR 3 BE e — 020 A DAl A (R R 1
AHE We EAFAERAT s 59— 30 WA Dk il A S 1
SRSk 2 A (R BERE T Wreo FITLAAR 1 HRT AR IR A

Wy =WptW; = [ FAU (1)

X FOYIRARERE PRI 321095177, U ik i
Fits o IR PEARIE BEAN I e R o R ] BT AR 1)
AT LA R 7R

Wo=[UdV=[[odsdr )
W; = I,u0'|Au|dV (3)

A Ug MR NARRER B, VAR, u
AR At T ) AR DN, A AR T 7 G
DN T JE SR i T SRR TR AT I AT HA X HLUR
o 1 AT vt o T R4 T 5 2, Gl
Pi. FERGEERE, lfhm A kA2, Kk
A T TP AT AR T 8l DT 50 B A
Pt K (I REREAER .

Load

Load

B s PR 6

Fig. 1 Compression of notched cylindrical specimen

JITEA, RS (B AT DR AE s 4

We =Wp 4)

HTA8 D se A0 P F AR TE R, BT LUK L
H e LA ASE R A AL 5 255 A — A s v ] JBE A FH 1 B
AR AP AR o X T AR A R A, A

FEIRAEIERE Y ) NARIRESI 2], P DA PEAR L fiE
We W] AR A

/8 :I I odedV= VI ode (5)
CEFRAR LR WPELEAT I %1 5 (0 L RS U)

FUELSERAS o)1 LA

U(y)=yU, (©6)

a<7)=—1n<1—7;]’

) (7

0

Ve, = —ln(l—ﬂ)y =
hy

=, Yo 7= Ui

lﬂly%+ 2!(%)+ ] (®)
XA U p=1 WA,y oA a2
B, 0<y<<1; hy HIARARRE WL S s e R y=1
IS N AR . FITLL, 7E U/dhy BN, 200 i Je 3L
PAE sl o, 45 (8) T AR R A

U,
ye ==In(l-y—5)=£(7) ©
0

K (6)A(9) 7 HACA Q) FGB)HF, LIS F
AN T TR IR AR VR BE DA K AW [2RIE A

W}:jFUﬁy (10)

W}:Vﬁm@y (11)

AW:jFU@y—Vﬁm@y:ﬁFU,ngmyzo(Jm
TR g R ge s E, P DO TAE—W %)

y, PRSI, PrUAERZ) ¢, BT y=1 B, ik

R T7 R DAL 2

FU,~V,o,6, =0 (13)
P B I A R AT A R i ) R AR LA R U,

BEA by JLSENARN &0 FUSEIRARRBINTIA 01, F51E
IEM RGBT A ay5 F3E T LA 2

AFU=(F, -F)U =(0, —o))Ve=AoVe (14)

Ac_AF U _AF exple)-1 s)

o, F, he F, &

o}:ob.{1_£¥i.952££l:l} (16)
F, £

A Fy il EORA T I 4 S50 (R IS 3AT DA
ZINY ) oo M A B N BEAT i R He 45 S 50 U1 21 )
. WTLLAEH, fEANVARTEEA, ERBIERARGE
BT s TR R TR, A @) F &



275 T W VOR, % AETREE

SR <R S 4 A s ) 8 T T vk 1435

W5 FRY e B ST 5 | 0E R 2 2 SE MR Bl Y ) PR I 45
Ko FrELH TR BN HEVE G m A R &,
TN IE IR E A FAR o

12 EREESE

N T INEARME IE A A KRB TEAAT T 7224 (115
7, 49 F S INUER AR - AR g, I LR S
A RIT MR s N BT IRAUE IE . RS
IEXFESH, |AF/F| M| Ao/ o | FIEEEHIHN, Hish
N Fj— AR i 2t 2 BT SE T IR, X E
o5 AT BROTIEARE 17 VR 1 LR IR

1) T8 3 6 AT B s 4 S 50 AR UM R R 0] 46
BN )= 1 2 5

2) FIFH BT A FHRAPEHEAT Hs 45 5250 3R L 2L
SE PR AR~ 1 2 5

3) KE BRI BN Y Sy — 1Y AR e A Sy A iy AR
e AR e 40 ok R AT AT PR AL, REUM R 2
=A% ik

4) KU R (3) 15 B 1 B AT~ A ith 2 5 e 1 pF
205 S 3045 30 AR Br —r B I 2 AT LA, G R Ay
(AR R ZE A T RS, AR 2 20(16) % B8 it
BN IERAT VL, 15 3UE 1 5 1R Sl B R AR il
2

5) FEADIER 3)FI 4), 12 HAar (1 AR 6] 1R ZE (S
B R ZE (B A

2 REE 2024 HXIREF N HE4E

21 E#HRHEEER

ARSI AT IAM L R 4 2024, FL 2R
RESBUN R #APEAR 71 GPa, VAKALL 0.3, %5 2.78
glem’s T R A PRI R I AR IR, 2000k d12
mmX 12 mm #5638 [ AR AF DL AR RSl d16
mmX24 mm A8 EARAE . R, RSN
XS RR AT SR s AE N, JF Il SRS In i
TR 8 fur — 7 o 1th £ LSO AR (1AL T 2

T A g i b, RS R AR AR AR
TE, 2 i Sk 5l 1 2 A A0 PRV E R I, A 1)
IR L), ARl AN s 1T
XFTER AR, ot i B A, A Y
HOAR AR 00 e DX, AR R S AN S R A AR T
Wi 2 fros.

B2 AL B AR A ) 45
Fig. 2 Compression of different cylindrical specimens: (a)

Smooth specimen; (b) Notched specimen

ME 238 T U, TEie 2 e AR AR 2 s
HRAERAE, s A AT X Uy 45077 [ 1R 85
DIWOR, JF HARGE R R iR T 4™, 31X
s T PR AR O AT B 2 0 v R4
e AU T ARy s e [ L0 O A TR kA
(SR DX IR 2 (B ), AT 3 SO AL R3S )
R, e AL WX TR A AR o 1 e T
[PBEENGRINERS7 S AR A AR ) 1= VI PR G P W
PEAE T2t A N AR, B A e 4 e o 1R sl
0N W 55T S AR, WA AR I R 7 th
HDGSEE /N, NI g™ TR, AT AR
ARAT SV [ (R 2R P AR, T e R P e 1 Ak
P A5 SEI RPN N )~ A2 M E AT B IEZ AT AT I o

T A S A5 2 (0 e B AR PR SN -
922 fHf ANl 1 B A PR 8T — R A it 2 20 ) T P
3 FIE 4 R

22 BROKEEGRSEEEZRE

AWFFEAIT] ABAQUS/Standard i &kt 12 1) Hs
A FR AT EE R AT, % T R AR LT,
X HUR R AR, il 5 B, R ek
AR 4 75 AU ARG, W s SR T NI J G,
H Sk SR R T 2 R A Ay T Tk o 7 He 4 ik



1436 hEA SR R

201747 H

800
6001
<
o
<
6 400t
s f . .
E 3 *—Smooth cylindrical speciment
2008
»
»
»
0 0.1 02 03 0.4

True strain

3 IR £ ) 27N Sl R S VA 54

Fig. 3  True stress—strain curve of smooth cylindrical
specimen
20
16|
Z
=< 12t
B
Q
2
8 -
A *—Notched cylindrical specimen
0 0.4 0.8 1.2 1.6 2.0
Displacement/mm
B4 S BFEALE AR 2k
Fig. 4 Load—displacement curve of notched cylindrical
specimen

R, BN vl o) A RS [ 8 AR, b DUTE E TR
AT A N3, BRI A7 7% 5 FL S SEE A #8 Ak
5.

I ARAEAT PR TGS Y B 50 RO ANE 1E 4 2R s
M, X HLLL 4 B E B 0 RS)(1.6 mm, 0.8 mm., 0.4
mm LA 0.2 mm) il A HEAT I A Kl 43, I LA ]
BATE RIS R B304y — A7 8 O 2 W) I o) o) A 35 5 0 e
AT T b, i 6 k.

MECAL G IR AT LLE Y, A BRI ART A%
FEAFAE— 58 BRI , o RO B Wi/ N sy, A
OE = i A A 2 iR Y O = RS w N I A N O
mm AN I, B i 2 At —2. pril, b
G R B BB IR G IR I, X I 0.2 mm
A BRI Y (R B e R

@ —2=— (b)

h=8

H=24

B S5 kR
Fig. 5 Model of notched specimen: (a) Geometry dimensions;

(b) Finite element model (Unit: mm)

20
16+ ;
Z -2
St
3 /
Q
=
8r =—Flement size=1.6 mm
o—Element size=0.8 mm
*—Element size=0.4 mm

*—Element size=0.2 mm

1 1 1

0 04 08 12 16 20
Displacement/mm

Bl 6§ BRI EAEAN R 0 R I —hi A8 h £k
Fig. 6

Load—displacement curves of notched cylindrical

specimen for different element sizes
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Equivalent plastic strain with 4=0; (c) Radial displacement with rough; (d) Equivalent plastic strain with rough
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Correction method of compression flow stress of
metals based on energy conservation principle

JIA Dong, HUANG Xi-cheng, MO Jun, HU Wen-jun

(Institute of Systems Engineering, China Academy of Engineering Physics, Mianyang 621900, China)

Abstract: The influence of interfacial friction on the compressive deformation behavior of metals (especially ductile
metals) was eliminated by design of axisymmetric notched cylindrical specimen. Based on the energy conservation
between external work and internal energy of specimen in compression test, an approximate correction formula of
compression flow stress was derived and the corresponding iterative correction procedure was proposed. For aluminum
alloy 2024, both the diameter of minimum cross-section and the internal energy of specimen in compression process were
predicted by the corrected flow stress-strain relationships and compared with the experimental results. The results show
that the predicted diameters of minimum cross-section are agree with the experimental data and the internal energy of
specimen is always consistent with the experimental external work in the whole compression process, which verify the
effectiveness of the correction method.

Key words: flow stress; interfacial friction; notched cylindrical specimen; energy conservation; iterative correction
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