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In the figure, RD refers to the rolling direction
AR VRS2 56 0 R R ] =2 BT AY 300N S AR AL L AR AT RS B2 22 T i IE T 35 0. 100, A fiE
J153 BRI J5 1) B B ) 22 5 o NN AR A HIAE 0. 001 /s, Jek iz Bd o 0. 05mm /s, 38 id X i
FEUT RD A TD 3547 o e 25 Sk A, 00T B e AL ol 1w oA 9 260 o D 1) R 5 6L o) D 1) 69 R B
AR M2 . R S A6 R D T e =R S B N T 0 R O = IR A R B Bl £

2 KBWHEREWIE

2.1 MART L

&2 PR R T RD A TD fn# s 59 TAR RN g A8 dh Zexf e, 8 b s Q345C F SUS304 iy
RD 1 TD iz i i g 0 A5 i 2 #0230 B 18 22 5. &) Q345C Tl &, AH IR A2 T W RD Jin 4 i 9 il ke
BN )R T TD BT A4 R g 1 SUS304 ) TE S AH Sz o 32 3 W 0 A b L i) g 27 1 B 72 4L i il 1y
HEEL M, AN, SUS304 98 1 By i B AL R E I B T Q345C,

AR L 1 JeE AR R 5 B ELn P 3 TR . B H B Q345C IRAR VT RD Nk 9 i Al R 4T 5
FE o A17TMPa F1 529MPa) ¥ %5 T TD finzk i Ja ik F o hr s B2 (43024 368MPa #1 498MPa) ,
M T SUS304 iR 7 - Hir TD i 49 i A s B2 FR BT Hr s BE (5359024 346 MPa Fl 853MPa) A1 4 %2 1
TV RD 4804 i i i B AT b s B (535024 321MPa fil 782MPa) .
2.2 HMMEHREMSH

J T RS R 22 T 2k RE L B 4% 1 S L FRATT X B AR RN 2 T R A S S M AT T EBSD %
fiE. Bl 472 Q345C iIAE VR RD (a) #1 TD (b) fiffifinzk 5 09 EBSD B & & . Kl s Q345C ik



792 S Jr (2018 4E) 4 33 4%
(a) 00 (b) . ; . . .
800 y
500 §
. 400} 4 — 600 | g
© a
£ =
= =
< 300H p p
@ @ 400 |
2 g
& 200 4 7]
O 200 fieAm A
100 — RD | — RD
=10 ] — TD
D L i 'l L L L L o 1 L il 1 L
000 005 010 015 020 025 030 035 040 0.0 02 0.4 0.6 0.8 1.0 12
Strain Strain

Bl 2 ARHET RD AT TD i fift i TR0 B AS 2R« (@) Q345C; (h)SUS304
Fig. 2 Engineering stress-strain curves of materials subjected to tension parallel and

perpendicular to the rolling direction: (a)Q345C; (b)SUS304
500 -

] I_'
400 |-
4 600
- 400
L - 200
0 Jo

Q345C SUS304 Q345C SUS304

g

I 5 EE (MPa)
g

ffisafE (MPa)

8

& 3 b RD A TD fir A Je IR R4 S 5 B2 X He
Fig. 3 Comparison of yield and ultimate tensile strengths of two materials subjected to tension

parallel and perpendicular to the rolling direction

50 um

B4 Q345C [ml i Rf e 11 BRI A4 ) B EBSD B i) AR 18] - () 35 RD Biffi s (b HF TD iz b
Fig. 4 EBSD IPFs of Q345C materials near the fracture plane after tension along the: (a)RD; (b)TD

PR E=Ew v SN Rp A S TN A R R ST T 4 $1E S Al R ST F 5101 22 N U R AR A B S A
AR AR

h T AR AR SO AR AR B L BRATTAR B I 1 Cao R 4 T R R R T AN 5 R A
£ R A A 6 BUA B B L — B mrd CR% BE AL 20 A ) R (BB K R 8L e . & 5 (a) R
Q345C BRI IR A 2928 2. Smrd, BRI ALSS s H B A W& (10D 1 P47 T RD 4K 447
PLE 001 F7 1 FAT T TD B2 45 . &l 5Ch) Rl (oo W 2 WA TE i 2 U RD 8 2 TD S, alkE 9 #8



%55 i SR A SURRS PR TE 40 ) A R A R A 793

SRR 5 1] BB BT A BRI (101 U7 [ i 22 23K, FE R 2 Q345C s BCC &8 , AR FCC
S @ BAMORAY 12 AN (111 i B AR RTY L AT RERY I R A (110} (1120 {123} =410 M n#k)s
B BB 3 AT R B (] 5) . Q345C MM B T EZ LA {110} S F . Q345C M REAEFr i 8 & v & A=
SR B AR T RO S S ek ORI T R ORI ORL B B e ok SR, B R R AR T AR
(4>, TEAMRAER R (110} SN2 50 76 (111D J5 [n) b & A= W B8, B 00 PN 30 B 17 7 I ol o & A 90 4 A
. TR, {110} &b 1 8 £ 78 203 28 fr 98 3l T ) 2 Hr A 7 18] i 5% LR BT A S0 A48 TE | 3 2 42 J@ b Rk 0 A% i
R JER Z —, X Wf#ERE T BCC &8 78 KV AR Y J5 258 5 # hi iy [ I8 ) <101 J7 [] 22 S48 1 J B
Rt % F Q345C A RHIT & . WA A R B 44 W % <101 J7 a1 3P 47 F RD (92U 4 43, BRI 38 43 i
LB (101 J5 M5 RD 7 LIPT335 RD BT, 335040 foRi Y (110 ) 18 5 Bz 48 7 1838 047,
6T PN 43 i 5 1 T3 AR /N, {110 ) 18 RANEE B 263X 30 4 Sk P s Bl . DRI I bz & A 8 P A8 O T
e (R 3R B0 7 L 7 2 O 3 B R A4 R 4 e A (PR SR EE B L. 3 Ak U TD inzk i A9 iURE N B 22 21 4
A0 5 <1100 J5 1], 1T B A Ji R B0RE 1 r A A8 R A5 K (25 96D o AN 2 LA 52 4 1 I A I UK T
BRI ST &2 B I BB UR ((101) 228384

(a) RD TD ND
001

(c) RD TD (hngE7mE)

" b

101

F 5 Q345C W LA AR EE A M I . Cd BT IR A1 KL s (W) HF RD Fifii s (o ¥ TD Fifd,
P& B (0 A R U B B L BN mrd

Fig. 5 Inverse pole figures of initial and recovered Q345C: (a)initial material; (b)after tension along RD;

(c)after tension along TD. Color code in the figure represents texture intensity in the dimension of mrd.
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Fig. 6 EBSD graphs of SUS304 materials in the middle of gauge section: (a) 30% tension along RDj;
(b) 30% tension along TD; (¢) 65% tension along RD
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Fig. 7 Inverse pole figures of initial and recovered SUS304 specimens: (a)initial material; (b)30% tension along

RD; (¢)30% tension along TD; (d)65% tension along RD. Color refers to texture strength in the unit of mrd.
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Fig. 8 Schmidt factor maps of initial and recovered SUS304 specimens: (a)initial material tension along RDj;
(b)initial material tension along TD; (c)recovered material after 30% tension along RD;

(d) recovered material after 65% tension along RD

2.3 itig

25 L RT IR, Q345C 1 SUS304 P Fl A A4 7 W 58 B 45 1) S 4 1) OW AL 2B 2 22 051 IR bR LA R 1Y
W EURE . PIRRR LAY 25 W AR AR TR] , 22 I8 T S AR S5 A AN ) J2 55 BE AN Ta] , #L ) 2ok 72 b OB Bl i Al
R GR SR 22 5 JF AR 220 1 530 T 58 A [R] 158 i 30,

FoI b O RAE FORE . W A s AL B2 A LAY . X BCC 2549 19 Q345C 11 7 » 5L o 7
TE IS AR 2R 1R 22 A [ 19 23R A1 43 T8 0 R B <101 J7 [l A5 ) L3 1) RD 8 o i) e 345 1 %
FCC 45#) ARZHiAE R SUS304 1M1 5 - 4L il ik B v 23 98 i i 80 A9 1% J2 485 R 5L i AR 208, S kL i (111
J5 A 1 2 B AL R Oy i TD b g, i T BCC Ml FCC &) HA R E MM\ B R s &1 5400
2043 B9 AR AR S S Q345C Wy RD M#EAT LA Kz SUS304 #5 TD i #k w5 ki py M50 95 8% 2 55 3h 32 B, A
1T A ek A 7 ORI 28 30 4 A Ti) 1) i B T v

3 it

Xof T AL 4 0 Q345C R SUS304 #y RD AT TD f#E AT 1 14 i 25 S5l R A1 52 56, AR BL T Ml 5L
il T P YR RD T TD 9 1 7 1 A% 1 2R . ] s 640 a6 A eSO RE 2647 T EBSD RAE 45 LA T 4518

(1) Q345C 1 SUS304 P AR A4 78 5L il 187 P9 H AT B & 19 45 Sk . Q345C AR RD 48 i ) iR
FPL 75 B 35 % i Ty TD gy Ji AR BTRR B . 1 SUS304 3R U TD Ik i) Jai IR A1 v 5 i 4P
P12 U RD NZR A i HR AT 58 B

(2) WA RL5E P 19 45 1) S 32 SR R T AOb SL i el B O R 00 LG 20K . Q345C FL i B OB Y
MU BAG VR A5 (10D J7 [l 3 A7 FEL# 5 11 RD B 28U 41 45 5 1 SUS304 40 4L il 3k F2 v 7% 1 1) Al 2444
BASE QLD i IfFE 5L H 0 m TD WA A 5. BT Q345C(BCC 45#4) F1 SUS304 (FCC 45 #4)



55 ]

LA - SURN W RP BILIE 420 7T B9 7 < P BE B4 R R T 797

HA R BB &R N7 m 5 200 241 5 B9 A B A 15 Q345C ¥ RD m#k st DL K& SUS304 ¥ TD il
2 B SRORE Y LR RS R s AZ BH L DA T AR 72 00 L 3% B AS R R B ) R T

S Uk

(1]

(2]

[3]

(4]

[5]

L6]

£8]

L9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

M. PESEEIShETRHR [J] @EHm TR%¥ M. 2006, 6(1):1—9 (TIAN Honggi. Study
evolvement of train aerodynamics in China[ J]. Journal of Traffic and Transportation Engineering, 2006, 6(1):1—
9 (in Chinese))

KepRAe, FIE ML K GE 17 % s (D). B . PHRE 88 K2%, 2010 (GUAN Qinghua. Study on the
derailment mechanism and running safety of trains[ D]. Chengdu: Southwest Jiaotong University, 2010 (in
Chinese))

Liao X, Li Q. Yang X. et al. A two-stage multi-objective optimisation of vehicle crashworthiness under frontal
impact[ J]. International Journal of Crashworthiness, 2008, 13(3):279—288.

OO, R A 2 e R RS A5 R R 5T (D, BUHR . PR 3CE K 4%, 2010 (SHAN Qiyu. The study of crash-
resistant structure for high-speed trains[ D]. Chengdu: Southwest Jiaotong University, 2010 (in Chinese))
FIOw, BERE, e, FIER A R G A R Z K T FHRAUE [J]. RRFEFIRAARSERD, 2011,
39(10):1552— 1556 (WANG Wenbin, KANG Kang, ZHAO Honglun. Joint simulation of crashworthy train set
based on finite element and multi-body dynamic[ J]. Journal of Tongji University (Natural Sciences), 2011, 39
(10) :1552—1556 (in Chinese))

g, prmak, FE . S 8k E 4R A E e fF PR [T ], BRI B, 2004, 25(6):1—8 (LIU
Jinzhao, FANG Jiazhi, WANG Chengguo, et al. Simulation research on finite deformation crashworthiness of
railway passenger car[J]. China Railway Science, 2004, 25(6):1—8 (in Chinese))

Fhazmg, HRIAL. A S EEbirhdise hrsh A WOCHi & [J]. T %¥M. 2009, 30(1):1—4 (DU Zhiqi,
SHAO Pengli. Dynamic finite element simulation of the aluminum alloy hull at landing[J]. Acta Armamentarii,
2009, 30(1):1—4 (in Chinese))

Eskandarian A, Marzougui D, Bedewi N E. Finite element model and validation of a surrogate crash test vehicle
for impacts with roadside objects[]J]. International Journal of Crashworthiness, 1997, 2(3):239—258.

Mizuno K, Kajzer J. Head injuries in vehicle-pedestrian impact (No. 2000-01-0157)[R]. SAE Technical Paper,
2000.

T, R R L o b R S B0 e E BT[], SE88 U107, 2016, 31(3):299 — 305 (WANG Bo,
TANG Zhiping. The development of a thin wall tube pretorsional tensile testing device [ J]. Journal of
Experimental Mechanics, 2016, 31(3):299—305 (in Chinese))

TeEh . (TZR 3C. TIN b B 40 G o 50 vk 7y sk [T, S5 86 2%, 2000, 15(4):385— 391 (ZHANG Ming, HE
Jiawen, Stress test of TiN thin film by grazing method[]J]. Journal of Experimental Mechanics, 2000, 15(4) ;385
—391 (in Chinese))

Lu L, Huang J] W, Fan D, et al. Anisotropic deformation of extruded magnesium alloy AZ31 under uniaxial
compression: a study with simultaneous in situ synchrotron X-ray imaging and diffraction[]J]. Acta Materialia,
2016, 120:86—94.

VEAVE . B0 WA, 45, 316L G4 7E 3R T AL AR He Ak 3 Ak i T/ 28 475 5 6 I (R A 78 R 2H 2t Ak R L) .
MET 5T 2# ), 2016, 30(1):15— 22 (XU Jiuling, HUANG Haibo, ZHAO Mingchun, et al. Processes of
deformation-induced martensite transformation and microstructure refinement of 3161 stainless steel during surface
mechanical rolling treatment[ J]. Chinese Journal of Materials Research, 2016, 30(1):15—22 (in Chinese))
ZEw, HEP. MEYHEEE M Jbat. FE K% M4, 2001 (LI Yanrong, YUN Zhengzhong.
Materials physics introduction[ M. Beijing: Tsinghua University Press, 2001 (in Chinese))

Knezevic M. Levinson A, Harris R, et al. Deformation twinning in AZ31: influence on strain hardening and
texture evolution[J]. Acta Materialia, 2010, 58(19):6230—6242.

WREHT . RAE. IR, SUS304 #RLAY /D oh AL G AR XS W52 [T, L8 1%, 2005, 20(2):219— 225 (CHEN
Yuxin, LING Xiang, TU Shandong. Study on small punching creep test of SUS304 materials[ J]. Journal of
Experimental Mechanics, 2005, 20(2):219—225 (in Chinese))



798 S, (2018 4F) 45 33 &

[17] Shen Y F, Li X X, Sun X, et al. Twinning and martensite in a 304 austenitic stainless steel ] . Materials Science
and Engineering A, 2012, 552:514—522.
[18] Randle V., Engler O. Introduction to texture analysis: macrotexture, microtexture and orientation mapping[ M].

Swansea; CRC Press, 2000.

Study of texture effect on mechanical properties
of two kinds of steel for railway vehicle

MENG Li-chun', LI Xiao-dong*?, SUN Xiao-hong', WU Si-yi*
(1. CRRC Qingdao Sifang CO., LTD, Qingdao 266111, Shandong, China; 2. Department of Materials Science and Engineering,
Shanghai Jiaotong University, Shanghai 200240, China; 3. Key Laboratory of Advanced Technologies of Materials, Ministry of

Education, Southwest Jiaotong University, Chengdu 610031, Sichuan, China)

Abstract: Railway vehicles will undergo complex stress state and harsh environmental condition during
real service process. In order to obtain the accurate constitutive relation of steel for railway vehicle,
first of all, the mechanical properties of material in different directions must be studied systematically.
In this paper, Q345C and SUS304 steel plate, which are two kinds of commonly used steel for railway
vehicle, were tested by quasi-static uniaxial tension. It is found that the mechanical properties (mainly
yield strength and tensile strength) of two kinds of plate present obvious anisotropy in rolling plane.
In order to obtain the microscopic mechanism to explain the difference of macroscopic mechanical
properties, the microstructure of initial and recovered specimens was characterized by using electron
backscatter diffraction (EBSD). Through quantitative analysis of the texture evolution before and
after loading, it is found that the texture caused by initial rolling leads to the anisotropy of
macroscopical mechanical properties of the two plates.

Keywords: railway vehicle steel; quasi-static tension; anisotropy; texture



