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Plastic deformation behavior of A3003 tube subjected to axial force, internal pressure and torsion

Abstract A tension-internal pressure-torsion testing machine for metal tubes has been developed. This testing machine is
capable of applying arbitrary triaxial linear stress paths consisting of axial stresso,,, circumferential stresso,,, and shear
stresso,, to a tubular specimen using an electrical, closed-loop control system. Biaxial linear stress paths combined with o,
and o,,, these combined with o,,and o,,, and triaxial linear stress paths constructed of o,,, o,,and o,, were applied to
A3000-0O thin-walled tubular specimens. Calculating accumulated plastic work per unit volume, contours of plastic work were
constructed in stress space. At initial yield, work contours in o, —o,,Space were in good agreement with Hosford’s yield
surface, and those in  o,, — o;, Space were located on the outside of von Mises’s yield surface. The work contours drifted towards
the origin of the stress space with increasing the plastic deformation. Namely, the specimen exhibits anisotropic hardening
behavior. The magnitude of the anisotropic hardening behavior was found to be larger in o, —o,, space than that observed in
o,, —0,,Space. Thus, the magnitude of anisotropic hardening was found to depends on the stress ratio applied to the specimen.
Numerical analysis based on crystal plasticity model which accounts for texture development was conducted, and isotropic
hardening behavior was predicted. Since the specimens undergo only a few percent of strains, the development of texture is too
small to induce anisotropic hardening behavior. Therefore, the anisotropic hardening behavior obtained in the present
investigation is not induced by the development of texture. Contrary to the change in the contour of plastic work, the direction of
the incremental plastic strain vectors were found to be almost constant under linear stress paths except for that the stress ratio of

o, - oy, =1:1, for which the variation in angle of the incremental plastic strain vector was 18°.
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stresses acting in a specimen.



1% von Mises DFHY & 13 E M 0.3 MPa/s T—E & 725 &
INTHREL, RBRIL e, &, &, DVT AL 0.03 125
L7l G T LTz,

o, —0, DRATIZE T DB DHERBR L V1550
7o FIS I % Fig. 2 Q)IZ, o, -0, DHATICEIT 5
S HEEER X0 15 D BIS R K A Fig. 2(0)I120R
T, 2TORNIZEBNT, JEOREITEE L2
DEME 72> TEBY, IEFEICISHERER N Ef T 5
e EMRE L.

3.2 28 AREBRICH T HFBMHLER

il 5 e B G [ IEBR IS BT, BT B rE O s
LB O &2 12 U7 o WAL IRFE Y 72 0 o RFEYE M
fEEAEWP &L, Fix OISO DR IZ BT,
WP &S BOMIEHE 2 E LR OIS NE (6,,0,),
(011, 00,) ZIEFTZERNT IR U CEEIAMEAL S 5 2 1Rk L 72
ABRIL, Hih5 ) ELEh S IRRER T 4 B], ZOMOIS ST
2 BT~ 7.

o, —0,, D 2 SRR TORER R % Fig. 3(a)I2,
0, — 0, D 2 Hili)s I FRER TORER R % Fig. 3(0)I2R~T.
TAVERL, £ L \TI T 28 Wl 7 1) Hidih 5 | ok O VYRR BN G
J1 o, THUD & DFEBMAAF R L ER T L TRLT
WAL SRR OB EE 2 M LT, ERoTib L
7Z. b L, ME»EFEERZ R TGS, EBioubk s
N MR ST —RICER D, 2, & E TS,
S AV 2 RCE L 72 von Mises, Hosford O R i A 36 &
OV P PERRAT I L W RO - M F S O HE 2
9. Hosford DFFREMHRITRATHE A NS,

f :[{(Gl_o_z)m+(Uz_a3)m+(01_03)m}/2F -Y =0 (4)
ZIT, 0,0,0,(0,20,20,)FTIETHY, Y ITH
HEIBRICBIT DRI THD. miE, 1<m<oTHY,
fec &8 & BV —E R m=8 & L7 fE S PERENTIX
BIE L7 H Rz Tt o 72, 2 ORMREERIT, 13
EEHB (LA R LTZT28, & =0.02 12T DGR DA
ALTWA,

Oy — 0, D 2 Bl FRRBR THIE S V72 B LRI
B LT, & =0.001, & =0.002 Tl% Hosford O B i,
FESRVBMERRAT OFHRME & K< —8T 5. LoLaens,
ZDHD gl TIX, VIVEETILE 5 N TRE(L B3 Bl 5| 3E
DENIZEE~ NS Wiz, Bghg RS OIS T
Hosford @ & (R i O WARNZAZE L T 5. FFIC,
O,y >0y, IR DI NIHIT BT DI LELED, o), > 0y
ERDISHHIZBITLZENL /S V. bbb, 20
RBRICIBNT, RS T (b 2B 2 S 3, B
b8 A2 2 L7

0y — 0y, D 2 Bl F) R CHIE S v 7z B L3RI
FALT, & =0.001, & =0.002 CTi%von Mises DR
T 35 & OVRE d S PERR AT O FHRE K 0 T 2N SMAN A7
BLTWS. LL, ZOHO el TIE, WHEERICHES
N TREAL S HihE IR O Z AU~/ S o, Bl
BRUSMDIG I TUE, €l =0.02 D & 121 Mises DFE(R
i, &SRB O REICZE T 5. £,
oy, > 0y LR DIGHHITB T DML LRSS, o), > oy,
ERDISTIICHBIT D ZENLVENT/NIS V. L,
0y — 0, D 2 WS TTRBROFE R L T 2 &, Z OB
TOISHIZ X DN T RO ZRIIEDLTH Y, B
REGHEACEER IR I N2 o T
3.3 BHUTHENRY MLOAME

O~y D 2 IS FTRABRIZ T B IO B R o
NV DGO FEBRIE % Fig. 4 (287 i I HI3S IR
Lo, DT AEY TRDOLTWD. 5L LT, Fig
3 TR LIRS X 23R (Rl oo ik
BRITI) & AEAR BT IC X A EHEME A R LT D,

‘ —Experiment — Reference

140
0:1 1:4 1:2 3:4 11
120 / / /
4:3
100 /
©
% 80 // 21
~ 60
N / 4 L~
20 / /// —
. // auyl 05,=1:0
-20
@ 20 0 20 40 60 80 100 120 140
o, | MPa
| —Experiment —Reference |
80 0:1 /| 1:2 1:1
60
é\.ﬂ 2:1
= 40
S0 ey
L —]
0 1 oyt 01,=1:0
-20 0 20 40 60 80 100 120
(b) o, | MPa

Fig. 2 True stress paths under linear stress path experiments
in (@) 0y, — 05, (b) 0y, — 0y, space.
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Fig. 3 Stress values representing various levels of constant
plastic work in (a) o,, — 0,,, (b) 0,, —0;, Space.
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Fig. 5 Stress values representing various levels of constant
plastic work in o,, —o,, — 0y, Space.



