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The Manufacture of Si-Mn As-hot-rolled Dual Phase Steel Sheets

Satoshi HANAL, Kunio WATANABE, and Kazuyoshi EsAaka

Synopsis:

The Si-Mn steels have been hot-rolled and coiled at the very low temperature after rapid cooling in
runout table of hot strip mills to produce as-hot-rolled dual phase (AHR DP) steel sheets which prove

to be both economical and excellent in quality.

The results obtained are as follows:

(1) The strengthening effect of carbon is very large but ductility does not decrease so much by
increasing carbon content as to deteriorate the good strength-ductility combination.

(2) The Si addition of a higher content raises the critical coiling temperature under which DP
steel can be obtained and it improves much the strength-ductility combination.

(3) The coiling temperature is the most important factor affecting strength and elongation of AHR
DP steel and its appropriate range depends on the controlling capacity of cooling and the quality level

of materials.

(4) Variations of mechanicl properties within a coil as well as throughout coils can be minimized
by the control of chemical composition and rolling condition, and especially by the use of continuously-

casted steel.

(5) When compared to conventional high strength low alloy steels, the hot-rolled DP steel shows
a smaller planar anisotropy of properties and larger work- and bake-hardenability; the Si-Mn AHR
DP steel, on the other hand, has a better combination of strength and ductility than the heat treated

DP steel.

(6) Performances of Si-Mn AHR DP steel sheets are good especially in hole expansion property

and stretchabilty.
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* o omBP AR (R LAEERS T (NagoyajWorks, Nippon Steel Corp.)
*2 o H ARk (k) {Rek AT (Sakai Works, Nippon Steel Corp., 1 Chikkoyawata-cho Sakai 590)
*3 o H AR (k) Ko agkAT (Oita Works, Nippon Steel Corp.)
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Table 1. The tested range of manufacturing
conditions for Si-Mn as-hot-rolled DP steel
sheets.

Hot rolling
Chemical compositions(wt%) Thickness conditions(°C)

C Si Mn S Cr REM (mm) FT CT
0.06 0.25 1.1 0.003 O 0 2.0, 2.47 725 <100

2.6, 2.9 ~ ~
3.2, 3.31 885 550

—~ — ~ ~ ~ ~

0.13 1.33 1.45 0.006 0.3 0.02

Table 2. Multiple regression analysis for tensile
properties of Si-Mn as-hot-rolled DP steel sheets.

Multiple regression

Multiple regression equations(n=101) F values coefficient

TS(kg/mm?2)=42.7+13.7-Si(%)

+243 - C(%)—0.281-CT(°C) 62.8 0.746
YR (%) =60.9+0.0240-FT(°C)

—8.74-Mn(%)—43.0-C(%) 5.53 0.458
TEI1(%)=41.7—129-C(%)—3.39-5i(%)

+0.00924- CT(°C) 12.8 0.560
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Fig. 1. Strength-ductility relationship of Si-Mn

as-hot-rolled DP steel sheets.
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Fig. 2. Relationship between finishing temperature \

and tensile properties of Si-Mn as-hot-rolled steel
sheets.
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Fig. 3. Relations between coiling temperature and
tensile properties of Si-Mn as-hot-rolled steel sheets.
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the run-out table and tensile properties of 0.075
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Fig. 5. Change in tensile properties due to temper
rolling for Si-Mn as-hot-rolled DP steel sheets,

TS LEEThHS. Fig. 413 0.75%C-0.8%Si-1.2
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Fig. 6 22LH LN THS. 7 CT OFE L OBAFE.
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WD THEL, 244 - a2 HEHERISEFEER
FeHBE LSRR LTS,

3. Si-Mn R#MIEZ X DP FHRD

MELEORE
31 #FHBILEAL O
3-1-1 FEH®

LRSI B IE e BUE 4 4 TG S hke Si-Mn REME
¥ % DP 4%, H#Hiz Mo-Cr REGEF ¥ DP §, Nb
Ftrhosbs & Lic. (E2s% Table 4 iRd. #
BRAFMEEE (L) SIOEEEA (T) HFrEoshE
REe (JIS5 SRERKH) THAEL, Ik (WH) ¥k
JOBEAE(LEE (BH) &M 1~10% D5|3RTE
BBt F A AR T 140~200°C ¢ 20 min

I
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Fig. 6 Variation of longitudinal tensile properties
in a coil (0.069,C-1.395S5i-1.5%Mn steel).

Table 3. Average and standard deviation of
longitudinal tensile properties of Si-Mn as-hot-
rolled DP steel (N=48).

YP(kg/mm?) TS(kg/mm?) El(%)
x 42.2 62.4 32.7

1.55 1.33 1.73
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Table 4. Chemical composition of testing steel.

3-2 #NER DP ik DL

(Ladle analysis : wt%;) 3.2.1 TWEH:
Sed ¢ B Mm PS5 Mo MW BEBRBR T » — DRI B 3O Si-Mn RIMIEE %
A Mn-Cr DP 0.07 0.03 1.60 0.0i5 0.008 0.067 0.32 — . . _ o
B Si-Mn DP 0.05 [.14 1.46 0.017 0.00¢ 0.047 — — DP @i & 6 fi O MUIMIBGE DP B Th 5. Lk
C HSLA 0.09 0.30 1.42 0.014 0.008 0.023 — 0.033 4% Table 5 wiRd, ThbHDWKROZIERE, 3 7

REBOBME ATV FAE L. WH 3£3RBRH
ot WS oo & YS oET, BH #3nBEoO
WD YS & oy DFETIHEL L.

3:1.2 B LUER

(1) HEORT .

TS, TEl » L, T FEozEr: Si-Mn 3 X U8 Mn-
Cr % DP@RCIZRLAERD Bhicwors L, il
WIS T LAECEXTHET TS 12§ 2 kg/mm?
w<s TELE 2% BT % . Frisafbim o Ry
HBREVDOE Nb ok )y o BEMLREYS EHL, 1
KBRESHE COEER IO/ fedt U480
HTHHOERL, DP #iz£) s+ Aicalhic o X
HOBEHES B~ LB TW B R L E L
biha.,

(2) LB b & Beft et

WH 3 X0 BH(170°Cx 20 min) &3 JIiF+FBL
D4 Fig. 7 wiRkd. DP o WH (1 F8BX 3%
T 13 kg/mm2, 10% T 20kg/mm? TH o, i
Mk WH i) 2 f2chn. BH kT 5 HEEL
$ME DP oot WH kit sl b A1 B  Ch
5. Wbz BH 20Th s ok L, Mn-Cr
%DP #Cit 5~8kg/mmz, Si-Mn % DP it T~
10kg/mm? DK X7 BH %40

B LB SRk HER L, 170°C T 20
min i O BEY fToBHEC YS A ERTEE
RERZTHS. DP @is k& s BH #H T 58X
ElRs bOAR L BERE S 7 v & A X 5 A%
EE G N offfE"™ LHVWEMHEECHSL LEL LR
5.

e R ONS - HTHEUSBSR LT M EY B L.

3:2.2 BRRIUVEZRE

#3t DP g8#ko YS & TEl o TS x4+ s2{b%
Fig. 8 wird. #E¥ ¥ DP #7324 0UERE DP gRk
WHANTRRILE S, WE-JEE- 5 v 21 @t
5. 2T, #BUBH DP SiRoch, Ac HHEORE
T he@ e J (Fofux (a+7) Bm#y) © YR
DB ENRER RS,

BME ¥ ¥ 35 X UTBIBE A DP ZRHT o BRI B D21

YS (kg/mm?)

O as-hot-rolled

® heat treated

| | ] 1
T T C | T

as-hot-rolled
DP steel

TEl (%)

~
heat treated ‘\‘i
DP steel

25

1 1

1 !
55 60 65 70
TS (kg/mm?)

Fig. 8. Strength-ductility relationship of hot-rolled
DP steel sheets.

o Mns opo °°"d"i°”:170:gxzomi" Table 5. Chemical composition on testing steels.
20 o -
= SHCOP o7 e Steel C Si Mn P s Al V
€ A LA ”"//
. -
£ P WH D As-hot-rolled
2 N4 0.040 1.21 1.45 0.017 0.005 0.047 0.075
L 10 ?77- o) E 0.050 1.20 1.39 0.011 0.003 0.040 —
mf /7 e F 0.050 1.30 1.52 0.023 0.001 0.052 —
I é = G Heat treated
2 d BH DP 0.124 0.44 1.44 0.012 0.003 0.03¢ 0.075
[0} 2 —0 H 0.101 0.64 1.70 0.018 0.009 0.071 0.064
0 2 i é é "0 1 0.140 0.51 1.29 0.006 0.006 0.051 0.067
Tensile prestran (%) J 0.085 0.20 1.50 0.018 0.001 0.04¢ —
Fig. 7. Effects of prestrains on work- and bake- K 0.089 0.40 1.5¢ 0.015 0.005 0.023 -~
L 0.110 1.23 1.43 0.015 0.003 0.026 —

hardening properties of various high strength steels.
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DP steel sheets : (a) Si-Mn as hot-rolled and (b) V bearing heat treated steel.

Photo. 1.

SRS D RO X S HBEh5 (Photo. 1). Z
TRMO BRIL 1% © ey — £ KBKRE 4%
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) HoBHFC ar T LcBEors o CEETS
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# DP BT a &2 —F 1 KA S 28iiRE Ac i1
Db+ 5, 1 ERILTEAMREITL T
SR—F A b LUK R ERNC y BREL L 0RO
LB X ) C OMS «f ich. Ok, BUER
DP $CI3i3 & A ETRT O FEET o FHB
EHETAELNEAINDL —F, BUEE ¥ DPIRTIE
EHOBHF r-a BoOR&TEOHIL AT

foutc®, a FhOREBILHED &L Leh>T a © YS
AHESEEE. D ED200BHBT YR @22 4T
BDTHAS.

—FRREE-TE N T v A DT B R B BE &
#DP @ 0Be, BMBAICED - L arEEShTL
%Y. Fig. 8 ofEEi3 Si-Mn RBGEE & DP gD
Si ENBAEE L b EvC &, HEREKS FELR
TELEELTCNDTHD HDEAKGEE DP @ & g
LT Si, Mn A DOEETTER AT a OFEM:A
B o HBROFERRECEE L BRA.

DP ¢ TS, TELiz o« #FREFKFEL, ZMHES
AlicfeoT w5, TS %, HERAECILT o
HEXR oz TciizgEEINGD, TEl 3F@— « ®&T
3 Si oFoFAER TS, —F, YR 2 o {&
BECIHBIETCE L.

Microstructures of hot-rolled

4. £ H # B

Ll bwsfi~<se Si-Mn REJE ¥ ¥ DP gl Bhic EA
T 5, BIRBRE CEISE, FEH Rt bl
Bk, 755 oSy PG S OIS, TEX
TORBEITU R RIrhERE X » BRIEF 22 R%E O/
g ohi. HCABRBOFERMME LTEEHE
BE kA — A ~OBEBIIARS THSREFEMCHE ST
ZOCHZL, TR, ZOEEEEORBRER
TN T DHGRND,

41 R

4-1-1 ¥z 5 v o

% DRED T v AFHICEE L TEESFETH 5
V7 7 v o ETRARERORHMOEESER IS, &
MWAEFET HHEHAT & UTBERR < TEL & A4
Y (& - MEE) »H%H. Fig. 9 iThikE ¥ ¥ KT

T T T T T T T T
170 Ca | Stesl /
® | Ad| Si-Mn |
" I5[—] P * e °
[ ] * e
160k [AAd psia /_
Al—
. 3 // 4
£=~3 rd
< 1.sob Ca ol N
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3 o s
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1.40F a 2/00, - 4
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[y - 7
/O
F s A A R
N A //
. -, /
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1 i f/ 1 1 1 i3 .
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Fig. 9. Influence of total elongation and Ca
addition on hole expansion ratio.
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kT Ca Wno YT Hakss 122 b b b3,
TEl 23k &\ DP iR 0755 2 O FRITFE L < KE L.
4-1-2 R

WoH LMD DY ¥ =T 7 AL v S DE
MR % Table 4 D&M, Table 5 DEAEK,
Lz ounWT ot iER, nfHsEys Si-Mn SBE8UE ¥ &
DP @iz SAPH 45 ¥ h ofEh izl s s Lic, #
WL b TP BIER A R & I #d & oA R RRI
FUTREME O AET A & MR OFEEN A% —F X
BB ENEFMELSD.
42 FH/HY

REOEIFF N - B TR B TRE
filid % LEED B HHY, FEWE L 75 5 B O kA TR
D REMTRERT > = v 7 RUER RSB A B (RKE
hElLe— 4 v+ £5kgm, # bR L#EE 1800rpm)
Pl U7c#5 2R, Si-Mn R DP §i#ikod S-N RNz HTH
LD T & I12iE RS, FEHRERE 0.48~
0.50 THhotz, hicxi L Mn-Cr % DP kg o5
PR LET 2EEC RN THE DTk 0.33~0.45TH 5 .

5. &

Si-Mn itk y b A b Y, TEER 2% - KRS
EMbim X hBEE ¥ DP A REL, MECK JIE
TR R OB, AMEOHBAE W oI L, EE
KARBERLTOLR ) THS.

i

(1) Cux 0.0197 /e h 2.4kg/mm? FREGX &

W & gt i JER L TR B 25,
Y AGKETT Ligy.

(2) Si ofz#x DP (b4 oA SRoEEO L
A LME-EH 7 vADRE AR, 1.2%Si #iT
13 300°C LUF % & i b R CEEE: DP @iifsiE o
s,

(3) et EREORGR Si ek
5. EFEPRE ERCHEGERIZER, /0%
TR UBKCELLETET 5.

(4) BEMYIREERC X v 5IEME SHETF, RBRHK
i ERLT, BARELET DP @rnEohil it
. & ST LMUN EIRIBELELR LR
L, RBRERBIITRENEHEKREL R E S,

(5) =4ArA, HOMEZDL EHO CC bed
DTS - BEELM OB L HIEIC X v BIME X R,

WP -TE S 5

RBIE & & 2 @RMEOLI S Fb = 1 L0 BRK
T, VNI —BERSC I TES.

(6) Si-Mn RBGEF ¥ DP SRR HEEILEH &
WL, INTRE b, BEfTEEEMEA RS V. Fio, B
HDP FRBC T BRI E DS, RE-TERE S5 v
ATHERTWES, ChBRATZER VT, =AF Vo
PO H—RAE L TR D, #REGI VS L
IBEtELZBNS.

(7) Si-Mn RBJEF ¥ DP @I IERE ~1 7 v
EHNTHY 75 vl - B L BEEAEBR TR
h, fOKMAMRET D IFEI .

BB AEEY LD DR YL >CTHB B =R E
BRI Ofx BRIB, WA OB AU, KO BT
DR DA KT L OB BT OBIFRE O F £ B L
b 2
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