Q&P T 2B AL Ry e

A RIS

x B R MK W, FEA A, TEK

CRAERAAFLRIPOAR S 5L A S 5 g0, TEBH - 110819)

CEE] Wil R E Tl e R R 2SR, LU Q&P (quenching & partitioning ) T 2%y HElt i e i =y 548 B2 4
ZR) TR, AR EIGE LA R B SEI TAR I N A SO Q&P LS TEREL T A Y
AT T IR I . G5 R RIAFEAL G Q&P T2 5| AVETEAL RS N 4040 3, - 3KkA5 17—
SE BT BTG . SR AN TE DR e o BE A9 ] I 3R AS: TR RS A, 25 5 I T ] N PG AL AR 7 R A
RIS RGO BT — AU ALV (TMCP) BRI, Bl 1 7R P LA 7 2 AR 7 3L Q&P Y (DQ

(direct quenching) &P X)) (Y A 114
[ESEIA]  SCHERoRE M ; Q&P; DQ&P ;s HVHL ; FR AT G 1A

[FESEE] TGII3 [XEERIEME] A [XEHS] 1009-1742(2014)01-0059-07

1 Hj

ST B N i = 145 B A Bl 0 £ S ey
PEREZOR AW & VR R (BRI R Tl &
Jeny EBE S TRV AR, R R
i, R R e R L 28 Y S v e AN
(advanced high strength steel, AHSS) &2 i & 54K,
(7] B 296 T 9 A2 A 3 AR 1 )0 oy 2 S A
i ey LAl

H A2 W58 91 I & i 2 A AR M e i v
o AN E A F - XUFH (dual phase, DP) X L & #H
(complex phase , CP) 8™ 7% 175 & ¥ P4 (transfor-
mation induced plasticity, TRIP) £4 =¥ 4 Jk — it 53
(quenching & partitioning, Q&P ) 8™ *! ¥ k —Tic /73—
[1] -k (quenched & partitioned-tempered , Q-P-T) £
A, HAZ O 34 38 o 35 > A PR BT 2 S X e
HA R PR, 70 B2 P = B R AR5 B2 i [R] I, AN
PrEL R MR M, DP A= R AL Rk
AR5 D AR G, B b A 0 3 RN 1 ARG

[YFsHEA] 2013-10-12

il

2R, CP A IJ3E 5 2 E TG DL IR R AR L) e 2
NI R 8 22 A2 2R, B A v 1 i B N 9
£, TRIP S i 3 > (1) SR AL B ARAS 160 5 g R
A DL AR DL K — 5 T AR AR B IR AR L 2L 22 AN
HAR IR AA T H T TRIP R 11 H A T 5 m 1Y 25
BPERE , Q&P HY LA K T Q&P T 2 L& I At 1Y
Q-P-T NI 254 T DP # 5 TRIP 4N i AL A, 28 T4
SR 0 1 s BB AR VR — A VR e ik i
Y, v LU G M s JE AR ARV A I SR il 4
GEMERER

IiizdE A 2003 4F 32 6 Speer 4542 11 Q&P Hi
TEHARVIE, B b7 00 = A T IR 1 2%
B, HATE i o B R A SUE AR T T2
SO B B S AR B IC A LB 4G R I T IR A
BTSSRI, HATEET Q&P B ) T2 H0R
sk B 2 A 3 5 =X, B A FA LA A thermo
mechanical control process (TMCP) £ AR A9t 33 %
Ji&, TR DU PR v ) R %0 18— 1R TMCP 4%
ARIF % 5 WIS, g 4 VK (direct quenching,

MEEEN & 19794 WA, I3 INARFR LN, BB, 205007 Wl 0 BRI SR OG BERe # K T AR LA 07— 1

TMCP %£4 J2 T2 H K ; E-mail : yuanguo@ral.neu.edu.cn

2014FE165F 18] 59



DQ) T 4R T 1R A b, 18 17 3 e L il el e oo
(B FCARTE AR HLJS (i R A i e v A 2H 2 4
DL B BUS AR Hd R T R A LSS &, R
Q&P T A5 #E 5L AE = 2k B i AL T 0]
71E. 5 Q&P B HUL IR T2 A L , DQ&P T.251]
DI SR T EL I A 34, 7E R AR REAE A (W] , 38 1 i
e T AR A B = B Ak i ok B 5 9k . H i
X% T EFEAR M IR LD AR T #14L
Q&P HIM T L F ARERIE , WF58 T DQ&P T 25 KoM
YL KR BE I RE R, A i 5 P R DQ&P A I A 4 11
(It T BB IR

2 HQ&PMIZHAER

M Q&P AL HE T 22/ B E an 1 1a s, 4%
BTN 50 A A TR AL S VK IR To (M < To <
M,) IRG 2 SR AN (1 By Bt Q&P) B FE AN 2= 45
o i B Y A TR AL B (2 B Bt Q&P) , i By [ Y C
FESF IR AT FE LA AR AR BTG AR, DI s RS
PR ol XV KGR To BE 43R T S BC 45 8] 2,
OE ST TININIE 7RI o s RN N S KA OF 3 43 /RN N
YL Z AL 2, A5 v o R A S A

T B AR AR
T, TR
T He o
10 5 18]

BE/T

T>T ¢
PTO® oEEQ&P

1Hr B Q&P

B8] /s
(a) ARQEPHHAALTE T 2

HR:#,
HR DQ:E#E K
T AR S
TS KR
L I E AR

BE/ T

T =T =T
—~2 7 HIAH

B 7] /s
(b) #ELQ&P (DQ&P) HAE~ T2

1 Q&PIZHABLTEE
Fig.1 Diagram of the processing route of Q&P

X H AT 12 0F 58 B9V 2R F e 1 s R AN, TG
1842 TRIP Y, 6 & Q&P Y, LA K 3 F Q&P JF H JF

60 HEIERZE

% ) Q-P-T 84, L b 4 £ HLAT 4~ S Rl e
— 3 I i A TC A S B EGAR €, MR LI
I A = RA L P S A — 5 AR G
TR R A e e L R e A AR i A A
WA, DR, BAR, N T e Lk g 2URRE
BOR BT B AR s R H R LA R
HAG L RARLL L, R IHA G 75 E AT 38 Y i 2R
BN B R LA S C B ER Y , X txt T2 i
FAE PR g B T w20 AR O Talk A A =i ok
FRBRAL

W AES K Q&P T 2 Bl &N FH T3l 14 4L
Az PRI TR X S R R Q&P I Tl Ak
FERTZ N R B B R HE SR . B AT, 7R R
P EL AR LR L B TMCP $ R FE IR S50 51
I 0T 2H B AR AT A AR, AT AR B A/
DT FRAA/B% 4% B AR ZH 2 B ve o RE A [T, i 2 A
LR AT — 1 TMCP R (1) 32 4 ) R FH (T b4y
AT L A B T AT W 5 R 23 3 U A 4 A
HIRAFIRGEBYA R G E A%, o8 mt Rk
RAARTHEAR PRI H BT G 3h) , 14N
LA RRHEIRE ) P, SN T A A 2 2
FIARAS, DR IR T3 — 1 TMCP R (1 8 HL G 4L
Az P2 I Q&P B AR 77 A e vk B VR AR AN
HAEERE .

AL Q&P (DQ&P) A /™= T 2 /R B K i &l 1b
FoRs , FIURELG ¥ 21 3 50 50 80 [CAR AR AR F ] L 4R
J5 TE M~M:2Z ) I B R 2B 10, Bt 3 ik 2218
(14 36 BV I 2 5 B C A TC A BAHAE o 8k, FAL
Q&P N SIEG AL BE Q&P A E L H £ R . &
S8, X REL Q&P B9, T3 I A T #L i 46 22T M
FRAT P25 2010 1) B TR sl oA 485 it A TR A8 L G
A (A5 Bt I 3 v B8 ERAARAH AR 17 ok 8 3 X ] A5 5
PALFE Q&P AN, HIK, IAFL Q&P T2 M T KR B
DL BE 4y A PR EE R R — T2 S8 G BURLEE)
Jroesg , B T=To=Te, A BTG IRAR AL B A0 1 Q&P
A TS AL e N7 e A e AR K ek R 4 ] — R ok PG AR
By, I am A A R A B 8 K B [ 4 ] C B o3 AR
e R A B RAR & 2. L Q&P T 27 it
B — [ O P T SR IR K IR B S C
B o3P B 1) Fe AR VC L, 2 AR L2 23 AR A 7 R s il bL
FHATE N B ENE . a, AL Q&P T2
FEGE AN P Q&P T 2055 1tk C LA AN ], 45 B 3 55
B CELAr G  7EG A C L it v i



WK T 1 B EC AR AR B8 g () PR A 52 1) 45 B
R R HE R LR G GIu RIS HEEENE L
SRR ARZNE ), DRI 4 1 s B 0 2 5 il e
e A B AR S5 AN R R C BE o Y S 2l &
YR

3 XEAHE

SIS BT AR AE 150 kg EL2S BN M5 B 00 i
W, e UEE , SR )E S BT ML I T A% 40 mm
(J&)x60 mm( 5% )x100 mm () A% it R, 5256
WAk o (5T 508, % ) 2 - € 0.21.Si 1,61,
Mn 1.63.A10.05.P 0.0035.S 0.0016 .Fe 43 H .

J T WF9E DQ&P 5 Q&P T. 25 4414 T S2 34N 114
A SURRIE S 22 5 RSB ML L AT T
N LRSS, S5y SR AN 2 iR o RV
R (RS A 8% 15 mm) AR FARAL J5 43 9 3254 7
40 % & 45 A5 P Ab B (UL 1] 2a) S AN AR T Ak B (L
[ 2b) , BRI LA 40 °C/s 1R T8 R 25 MR (Gl 28
B 2T AT B MR JE S 388 CO LR, AR l—
T T [RARZH 2, FHAE 375 425 CARRAL TR ET T C
Bior e B .

950 °C, 600 s Doer
@) ;
\ 425 C,150's
B Lo, | fmein \
i 40 C/s
10 Cs 1y
i}
280 'C, 25 s “
i} 1Al /s
(a)
&P
950 °C, 600 s Q
@)
£ ;
% _4257C, 150
1]
10 C/s 140 Crs
\
280 'C, 25 s “

IS 1E /s
®)

E2 DQ&P5 Q&P LI T ZXT L mEE
Fig.2 Diagram of DQ&P and Q&P process of
the tested steel

P 2B 7F R A0 R 2% RAL 5256 28 6450 mm —
AT AL E T, T A R NE 3 s, ¥
BRI Z 1 200 CARIRZT 1.5 h, 22 8 IE VK 40 mm

JEPRRHEL 4 mm, Z5LIR 15 6 7 850~870 C., 4R
Je FURELHLG B B AR B I R 4 (B & 20
A X PRELIARGHEA T R s R A R 1 2R
110 C, 3R 2 LV R BE P IR 210 °C, SR J5 37 B

SEREE e

° HR: 4,
12007615 1 UFC B HRIE S &)
DQ:E £ K

\E/T

B3 IBEHRILTIZREE
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Table 1 Mechanical properties of the specimens
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1 1050 1 540 10.0 15.4
2 1 050 1320 12.8 16.9
3 1120 1290 14.8 19.1
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Application research of Q&P concept
in hot rolled AHSS production

Yuan Guo, Kang Jian, Zhang He, Li Yunjie,

Hu Hongling, Wang Guodong

(The State Key Laboratory of Rolling and Automation, Northeastern University, Shenyang 110819, China)

[Abstract] In order to satisfy the requirements of lightweight in the automotive industry, the

development of advanced high strength steel obtained using the quenching and partitioning

(Q&P) process has been paid extensive attentions. In the present work, the application of Q&P

concept during hot rolling was investigated for wide use of Q&P process on the conventional

hot rolling production line. It was shown that introducing thermo-mechanical treatment during

the conventional Q&P process was favorable for significantly refining the microstructure and

obtaining a certain amount of retained austenite, and the experimental steel possessed the higher

product of strength and ductility under the condition of maintaining higher strength. The feasibility
of producing the hot rolled Q&P steel (DQ (direct quenching ) &P steel) was determined on the

hot rolling production line by employing the new-generation thermo mechanical control process

(TMCP) with ultra fast cooling at the core.

[Key words] advanced high strength steel; Q&P; DQ&P; hot rolling; retained austenite
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