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Progress on Research and Development of 3rd Generation of
Advanced High-Strength Steel for Car

Zhang Zhiqin, Huang Wei and Gao Zhenfeng
( Technology Center, Angang Steel Co Ltd, Anshan 114009)

Abstract In recent decades, advanced high strength steel ( AHSS) for car is focal point of research and development
work for materials. Strength-elongation product of 1st generation AHSS steel with ferrite matrix is 15 GPa - %, and the
strength-elongation product of 2nd generation AHSS steel with austenite matrix is 50 GPa + % , its higher alloy content and
harder control of process lead to high production cost, therefore the 3rd generation AHSS steel with multi-phase is developed
by multi-phase, metastable and multi-size structure fine control to get strength-elongation product 30 GPa + % . The re-
search and development of 3rd generation AHSS steel is carried out by both field of increasing lst generation AHSS steel
strength and elongation and decreasing 2nd generation AHSS steel alloy content and production cost. The progress of re-
search and development of 3rd generation AHSS steel is presented in this article including extra-fine DP ( dual phase )
steel, modified TRIP ( Transformation Induced Plasticity) steel, Quenching & Partitioning ( Q & P) steel, ultra-fine grain
bainite steel, rapid heating and cooling bainite-ferrite-martensite steel, high manganese ferrite-austenite steel and medium
manganese metastable austenite-ultra-fine grain matrix steel.

Material Index 3rd Generation Advanced High Strength Steel, Car, Research, Progress

N RREMLER e BREA FHMRUK
B2 T FE B 75 5K, AHSS ( Advanced High Strength
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Fig.1 Relationship between tensile strength and total elonga-
tion of traditional steels and AHSS steels
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Table 1 Assumed tensile properties of structure as input
parameters for model
FFes HA WERHT B/ MPa SRV EMNE
i BHER 300 0.30
2 R 640 0.60
3 Lk 2 000 0.08
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Fig.2 Effect of true strain on martensite volume fraction in
AHSS steel with 4 kinds of austenite stabilities conditions
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K JF % 3k (9 DP780 .DP980 F1 DP1180 42 T k4L
.
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(1) B AT S8k R /R 4572 ( DIFT) , DIFT &}
R EEERERENREERONEREFHEE, X
I BTEILT Ac, 19 Ary 2 125 ~50 C X S#AT
bl A RUEBIIAE T HERRTAE T pm %
HIBM R R R IR, RASLGHRMS A T E LME
%5 1 DP A4, 10 0. 06C-1. 9Mo-0. 16Mo, A7~ T
HEYHa, DP9, (HEXEN LR E, B & DP
BART LLE o AR A A A BT TS TSN & 5 Mo 3R
w5

(2) FEBROLIRRE #LIR BE 2 N EAT KR A8 ( BB
TN L6)RILMKGHH
FISTTRAL Y KA B ik R JURE (1Y

WL #Y 6 SRBEFEE PR EE YO
AT 490 MPa 2% I i B LA AR 1R AR, 2010
4 I R I FE & T 590 MPa 4% WA # IR T
H#R. 72 LA DP 8 Tkt - i

3.2 B Al TRIPORARE K281 ) #

X F I A S Tk fb iy TRIP 89, 55 89 BF 52
WFhER A B OE &, Matsumura 2 A ffF % 7 0. 4CMnSi
W, Hob e A At T55 3 1 AHSS LB 1B
HFRRI A, Beoh, i A 4 1k % TRIP #9347 A
RLARAL, O K15 TARMEIR BEGL 1 GPa, B KR
20% FIHN . HE M TRIP §F & A 45 el Ak 34, B
£ 350 ~475 CiR B X (8] AT SR AL 2, T SE L
SRR M BEZTOFEMEN N 417 C), LMK
(RIE IR BT, S B0 A (18 o v 8 R 4, [R] Bf z
BB EE N,
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TRIP590 1 TRIP780 %l T TRIP ML H% M4 &
¥t #E A, U0 TRIP780 % Al 0. 22C-0. 6Si-1. 65Mn-
0.05P-0. 02A10. 1V &4, LABE sl i + FUICHE .
B T2 R E A A T, X2 TRIP
AASA AT TR IR IR AT, Tl A 7= 7 8, 4
AP BE R B K AR F = AR 267 S E K E. B
A7,980 MPa 4% =758 B2 4 5L TRIP 94 %% 84 . © BF il B
I %3 R TRIP 40 Tolv fbAE P4
3.3 B4 I RAEN

R AIBER T —EECh TH R @4 N Kk
HAMBBREN(ERS) HTRA25 ~625 TH
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Table 2 Outline of commercial production for typical DP steels

A SRR R LR . TEREIE

bRy ( LR /%

e MG oo VMR R./MPa A% GRa- %

(IS8 K AL TR AR TR AT ~ | n_si

&l lmﬁ;‘L AL i ﬁ&f K LR DPLIS0 0.18 2.4 0.60 900~1100 1180 =5 =590

2 um R EAL TRERSDS, zmyskmpc DM 011 2.9 070 700-800 980 =8  =7.84
=5 DPLIS0 80~1130 1180 =3 3.54

Lhiz 7 R 3K 15 B9 BT fz 58 7 893

MPa f# K %% 21% BB 40 5 DP
WE WLIRIE . SR, X LA H:
BE AL F 25 1 18 AHSS M AY X 5§
P, X AR EH UL By DP X iE A RE

R DP R AL
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Table 3 Outline of commercial production for typical TRIP steels

2o (ERR) /%

K5 3 {8 AHSS B HERE . NG ME o KS/MPa Ry/MPa /% GPa- %
HE—LEEOL T R B IR A gmEgoktss © TRIPTSO 0.25  2.00 2.00' 550 780 >23.0 =17.9
%j—:%a‘éﬂiﬁ,ﬂﬂﬁtﬂ@%ﬁ DP et TRIP980 - - - 700 980 =14.0 =13.7
_vE TRIP780 0.20 2.50 0.80 580 780  =20.0 =15.6

A HEMEHETHENR, & 2496 TRIP780 0.22 1.65 0.60 535 825  =25.0 =206
B LRSS TR S WACUER TRIPS 0.2 170 160 545 840  =24.5 220.6
o 6 TRIP780 0.22 1.65 1.50 530 820  225.5 >20.9

38 SR B3R R B

F:1)8i + Al =2.00:2)F%$ TRIP #4415 5L
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Table 4 Outline of R&D for typical ultra-fine grain bainite steels
ERS (L) /% R,/
Y 845 1Y A m .
D 3 G2 C n S o MPa A/% GPa - %
HE I A 0.98C-1, 89Mn-1. 46Si 0.20 1.80 1.50 0.26 2 500
Eﬂ{ﬂ‘@%{iﬁﬁﬂ?{qﬁjﬁffﬂ 0.2C-2.23Mn-1.5Si 0.22 2.23 1.50 0.25 1382 24.0 33.2
i AW - . 0.3C-2.25Mn-1. 5Si 0.29 2.25 1.50 0.26 1 796 18.0 32.3

KE AR E, & H T 0.98C-1. 89Mn-1. 46Si-
1. 26Cr-0. 26Mo-0. 090V & 4, H.AFE ¥ % 600 HV , fiii
SREEHT 2.5 GPa, KEMALRE 15 R
ZIEHB ), izt Xt F Tk fh A FE Sk i, B fE] K
K, WL EES#HE— SR Bk Al #1758
Co #TH &M, ¥ MBGR F FRAK, S BUG AL H
Bl KIERERE, LMESAT Tk kA=, ZWEE R
SR R, (AR BN AW — 1 R
BB, B AU BE A D BC AR B A5 4 A AR
R, ATLAKS AR RIF KB AhEaE
7£1 700 ~2 300 MPa RY5IFD, (B TR AMX & H
EEMRER, ZFERATFRIENN AT RS E
IR XED

AR FEFREWR P LOMBFEZRRRFR
FHIFFFA R RIS THRE R R 0.3% [at A
EHRALYIE I AR, B R i I R RS F
MRABREAR, ZRER R IFRERTES
& BLHRE#E1 500 ~ 1 800 MPa, B K @ T
15% , Z53BGHREHER 0.2% # IR EE]
TEFHBIEA S, TR EEsnE,
3.4 PEEK-BRTEL(Q&P) N

BB (Q&P) BIEFERAEFEHELRK
KEEERN D RARY—FMF LE, ZLEH2$

PACFHE R, &%, ERE,TE My ~ M, JEE N
TURE B4 V8 KR B ATV K LA T2 A R 23 B ER R FR 43
RICIE B AR, F2 8, M HARSAECHEL, K H
AJEsE it (BB 43 ) H b IR PR ) Bk 2 BL 3] B8 BG4 o 9
R ERRAEFEE, X, ERAXEAIERZ
B RENEKRRRAERBEEZMAR ., KES
THKEETAILGE 2 # Q&P TE TR, 5
FRH 145 Q&P T AR XRE T RIBHFTHR B,
BB RAREABIANREEH TS RIERBRIEFE
(4YBD) , 5 0 RAEMEETXD

A M 2003 4E £ E Y John G Speer #£H T Q&P
TZR REEW#FT T Q&P W Tl tbikH, Kot
B9 0.2C-1.5Si-1. 8Mn % TRIP780 $ 4% Q&P 4t
B I T Q&P1000 4R, FeHihris B 2 981 ~
1223 MPa, %5 9.3% ~21.2% , - HIWAHATHE
WHE B REKERES . B, BBRET KA
¥ 5WI AR EERR T AR C Ma & EXF Q&P
WAL SN E N, £3Lk, KHxe R Kkl
FE 1Y 0.2C-3Mn-1. 6Si & 0.3C-3Mn-1. 6Si 2% @R
HTBAERMREIEA G, [HRA X Q&P HNAYHA
LM SMRER KR, A R B R R ICEX T
AR B AR T oE— S HB . &5 bt
RV KB A IE (Q&P) SR &ML o

&5 BBEN-BSE(Q&P) WA ZER
Table 5 Outline of R&D for typical Quenching & Partioning ( Q&P) steels

LB EFR) /% R_/
g i I m .
R BN EERT C i S o MPa A/ % GPa « %
E 0.2C-1.8Mn-1.5Si 0.20 1.80 1.50 0.046Al 981 21.2 20.8
o 0.2C-3Mn-1.6Si 0.20 3.00 1.60 0.06Al 1047 19.0 19.9
8 =19
BERET W RFSHALA- 0.3C-3Mn-1.6Si 0.29 2.95 1.59 0.06Al 874 18.0 15.7
e -1 0.37C-0.2Mn-1. 85Si 0.37 0.20 1.85 Cr.Ni.Mo.V 1670 19.8 33.1
eh g - 10! 0.41C-0.03Mn-1. 68Si 0.41 0.03 1.68 Cr.Ni.Mo.V 1835 19.0 34.9

3.5 BB HITZE

— R RPN 1 L7, ( Flash Process) BLE
BATFRREF, RAZLZA™ K5 AISI 8620
NI IEFENEHAL, Tl N REERE
D RAARHLR AL, - 521 & REF/NEI8

WHEE Cr Bk, B TREELREEEE,
X LEBRALYI A J BB 15 T 5T B I P e s
AR . FERAH A AP RIER TIEFH
RSERT A R R A SR, AT AR, 72 Ac, REZ |
AOFR S B IR] P BE 7= A A SE 2 BB BUFE B R K
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R FEHOE, BB SRE AW BRRED ™
HE R AR AR LY, G DL B S AR

EEPFFA R IHEA & AISI 1020 H#47 T 5E
5,305 mm FEHARARIE 5 s Z AT IR I 51
1,448 71560 ~ 1600 MPa MR Ef8.0% ~
8. 7% HKHR., mMFHMB/TNREAH EFMREH
fit [8] K RE 7, 7E 500 °C [7] :k 300 s J5 ,{/541 225 MPa
FIPTRISREE o RN IREL SR, W LGl — KA
T R R AN TR Ze JL A TR B
%6 FEEBHRMAMFAH T F (Flash Process ) 4
Ry R ERE N

£ 6 HRHNFF0SH TE (Flash Process) AHSS ) H K 45
RMERE

Table 6 Chemical composition and properties of AHSS

steel by rapid heating and cooling process ( Flash Process)
e e (LIR) /% R/ A/ GPa-
Y C Mn Si He  MPa % %

AISI 1020 0.21 0.63 0.22 Cr,Ni Mo,Cu 1576 8.7 13.7

3.6 E

i1 Merwin 4t F Grange &1 Miller B 857 i R
A R B ARER (5% ~7% ) AR (0. 1% ) BT Y
MG EE- B AR HARIN. HESEST
AL (ELEL TWIP SRR 2, v] LSRR & AL A A
L AEHLMEXRKTZE, B KR E I & T
KRR BT SO KR K B =4 TH MR
TEEIRAAM T RAG Tt B R AR o 4 28 ER AR LAY
Y5 B S, 75 0. 10C-5. 2Mn 44, 16 0 i 51
Gk tb ] 5k 17% , 1 76 0. 10C-5. 8Mn #1 0. 10C-

7. 1Mn 4% 9 B 3575 A B8 BC 1K L 491 43 1) 38 28% F
38% , [T R TWIP A KM A& A Z I, #
T B S AT (AR A R B £ e 1R K S SE e A1 R
FIR TR A T R

RFHE 2L RBEERMOSED T EMETE
7, AR T EEPRENEERE &S 2 L.
Frommeyer % AW 5% 7 B AK%E (15% Mn) 1] Fe-Mn-
38i3A1 B, EAEMTH Mn C Al EHSTEY
BRE ARG EHEU AP T ERE TIEELTZ
MER, TERATE:

(1)1aKRt e, Fe-Mn-Al-Si ZE 4+ Al LE
BRRTE, LU H IS E; B, Mn C 5E %
R 5 K HE R

(2) HE RS, Mo TE MMM SEE A
EAL BB TR E R, RS RN, EERET
MmN R ETOE B, REUR S R E

(3) Bkl B o, FE B 4P o SR R R AR R A
S84k, H S K ALY ok $ 5L /Y K,
B Mn .C 5845 FRERREIERMSTEE.

al i, B E - RS SRR T S RN
W EHEARMB ., MHEHH AR PRGN, 7T LUA R
AR R A WP T E IR, 38 &0 Rk e B BE
BRNBERAESRF I RETBERN
FER-TEANKAARATNETEEHEA, &
A Fe-Mn-Al-Si ZE4ENEH " . o EHH
e i T E SRR AT Fe-Mn-C R HH N
AR FE T R TWIP 25 57 % B4 ) AU
RAEL

£7T RIFFFLBM(TWIP) NAZEER
Table 7 Outline of R&D for typical Transformation Induced Plasticity ( TWIP)} steels

R (L) /% R,/
2% { OB g m A/ .
[CiE A AnA EE RS Ve 5 e VP A/ % GPa - %
{8 [E] Paderborn K20 ~
Benteler P K Fe-Mn-C 0.52 22.36 0.25 0.20Cr 1 160 52 63.2
ﬁ%%ﬂ%ﬁﬁ[ﬁﬂ’jm Fe-Mn-C 0.70 20.0 1 000 250.0 250.0
Bracke L-'¢- Fe-Mn-C 0.25 16.2 0.14 5.60Cr 848 =31.0 =226.3
jt)’;‘iﬂ—&j{"‘%“r'z\ Fe-Mn-Al-Si 0.0175 24.0 2.92 2.52Al1 715 =61.2 =43.8
IR e 1T Fe-18Mn-1.5A10.6C 0. 60 18.0 1.50A1 990 =63.0 =62.4

3.7 bk AR S PR AR 41 A AN

BT, E S TR RN G & iR R B KR
S AT, DI E B AR TR = Nl H 30% &2
AR TR RS S REEIEE S HAW,
BN EIRPIRERE/E 0.8 ~ 1.6 GPa 4, WS Mk
RHK 30% ~45% WK, i H ok 2 A 30 ~ 48

GPa + %, HEILWENC LM T M AR K E &
ARG & B C-Mn WE) RIVLERT R, B4
TZRX i R B Se HE AT IR K AL B, 3R78 B IK
ALHLR, SR X X L P K HEAT AR X (Ac, ~ Acy)
RETTAS [ 6] B3R oK, R 7 B IR 47, R AR 404
DR IR A SR R IR R TTENT i AHAY ZAHA 2R,
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MU EX R M LR E R TGERKE, Eid
B AR AL FRAIAR N BT R AL B, AT LIRS & H K&
B VAR B9 B Dy 8 4 L 2 ) B R A R R AR XL
H#. HWPEH 30% L6 # TR B KRR, 7T L
HAFERBIAEI0 ~ 40 GPa - % B 3 = B IR E W
i AR e, AR KR LB PR R DRIk,
T ER . ZHMERERZ N M BHLA,
2011 4 11 A PG KM ER L 1% 3 ORE
WAERWIEAT T Tolk ik, 914K # #9 0. 1C-5Mn
MPELEANLFLAREIBE] 758 3 IRENIEA H
PR L 8 o B A5 3R IR A A Lo K o 4

®8 FRETRABRE-BERABENNEEASMERE

Table 8 Main analysis and properties of medium manga-
nese metastable austenite-ultra-fine grain matrix steel

T aERI MPa % (GPa - %)
TRl s R4  0.1C5Mn 700 >40 >30
TpikE sk 0.1C5Mn 900 >40 >36
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