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Niobium Added Ferrite-Bainite High Strength Hot-rolled Sheet
Steel with Improved Formability
Synopsis:

Dual phase steels are known not to have superior characteristics in such properties as hole expanding
property, Charpy impact property and especially in flash butt welding property which has a great in-
fluence on wheel rim fabrication. Through the investigation of the quality and volume fraction of
second phase and alloying elemets, it has been clarified that Nb-added steels composed of ferrite and
10 to 20% bainite eliminate these problems in dual phase steels and exhibit excellent characteristics.

In this paper, the effects of the quality of second phase such as martensite, bainite, and pearlite which
are produced by changing the coiling temperature from room temperature to 650°C  and the volume
fraction of bainite on the mechanical properties ai;‘d so on are investigated.

As far as flash butt welding property is concerned,-Nb-added steel composed of ferrite plus bainite dose
not show a remarkable softening and localized necking in the heat affected zone which usually occur
in dual phase steel because of the tempering of martensite. The superiority of the hole expanding
property of Nb added ferrite plus bainite steel is due to the superior ductility of bainite compared to that

of martensite or pearlite.
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8 2 HoEEYRET 57, # A, B ¥\ CFig.
L R LUABETROPC, BRI+ EJ # 5°C/s T
600°C # CTHA L, FoO#H 600°C 55 350°C DD
e RS 60°C/s TEAEL, Shita A VEBERD
ARAEL, HE (RT) 55 550°C o o BET Lh
REBEAT S £EXHAL. 7254 -2=54
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A4 FEOEREEL T XD, ABBIRERE,
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Table 1. Chemical compositions of steels (wt%;).
Steel* c Si Mn P S Cr Mo Al Nb
A¥l 0.05 0.49 1.60 0.004 0.006 — — 0.033 0.025
B*t 0.07 0.49 1.59 0.005 0.003 0.5t — 0.030 0.038
N1#*1 0.06 — 1.730.008 0.005 — 0.30 0.020 —
N2¥L 0.06 — 1.830.0100.00¢4 — 0.29 0.0350.026
NG#1 0.06 — 1.740.011 0.004 — 0.30 0.035 0.088
5o%2 0.05 0.57 1.09 0.008 0.005 — — 0.025 0.018
60%3 0.07 0.78 1.66 0.012 D.005 — — 0.038 0.023
*1  90kg laboratory heat
*2  55kgf/mm? class commercial heat
*3  60kgf/mm? class commercial heat
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Fig. 1. Laboratory simulation of rolling practice

for hot rolled coik
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Fig. 2. Oscillogram of the last period of flash butt
welding.
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of steel A coiled at (a) RT, (b) 450°C and (c) 650°C respectively.

Photo. 2. Microstructure of the steel A coiled at (a) RT and (b) 450°C.
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Fig. 3. Effect of the quality of second phase on
the mechanical properties. Quality of second phase
is indicated in parenthesis. @ : FT=750°C, QO :
FT=850°C
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Fig. 4. Effect of the quality of second phase on
the bore expanding ratio. Quality of second phase
is indicated in parenthesis and coiling temperature
is shown by a suffix.
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Fig. 5. Effect of the quality of second phase on
the transition temperature and shelf energy mea-
sured by JIS 4(2.5mmt) Charpy specimen. Marks
are the same as in Fig. 4.
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BHAERBECH L TCED X 5 eiEBAY RIE LTV B2
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fEv-mEL, 10~20% o#HFACREECETSH. JXF
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Fig. 6. Effect of volume fraction and quality of
second phase on the mechanical properties.
@ : Steel A FT 750°C, O : Steel A FT 850°C
A : Steel B FT 750°C, A : Steel B FT 850°C
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Fig. 7. Effect of microstructure on the hardness
distributjon across the flash butt welded zone.
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%L, Br Tz 50% BETIRIEFICE LWECE T
5. TAREENEE 100% ofRT LTS, Bu
i3 TSxEI=1000 BT &IERTEN il & 705 DX
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R R BRI, e DP $B% kA — AU ACHEBT
HEE, Ty Vaslty F B s e (HAZ) TL”
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Fig. 8. Effect of microstructure on the strain dis-
tribution of tensile tested specimens. The mea-
surement is done for JIS 13-B specimens machined
from flash butt welded sheet.
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AU, =0 X 5 BRSO 5]k BB

L, FoESAERE L, Fig. 8 RIRLA LS,
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o (R R B IR B TH B0, B
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k3 X0 Nb B kb, BEFREE & DCEEDS VW
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Fig. 9. (a) Thermal history during flash butt Fig. 10. Effects of microstructure and Nb addition
welding and  (b) relationship between maximum on the changes in hardness for the specimen held
temperature and distance from weldline. in saltbath for 10 min and cooled at 70°C/s.

i St . - . ..al‘ l, . i‘ / : - i
Photo. 3. Microstructural changes with flash butt welding or heat treatment. (a) base metal, (b) 3mm
from weldline, (c) base metal, (d) held at 650°C for 10 min”then cooled to RT at 70°C/s

— 90 —



B0 T Shic=4 7IRMT = 7 4 b =~34 4 b ML 56 2AIE R 1217

Table 2. Fatigue limit of base steel and strained or hole punched specimen.

Tensile property

Fatigue limit (+kgf/mm?)

Micro- -
structure g OB Smm¢ . 9% strained and
(kgf/mm?) (kgf/mm?) Base steel hole punched 9% strained 505 hole punched
B+F 56.6 66.6 43.0 33.5 35.5 31.5
F+M 35.1 64.2 32.5 2.5 31.5 27.0

H 1, 650°C CRLEVEE LS. 0L EORMLE
n¥xir Hv=20 THy, ZOHBDO7 5 » v oy B
BRI AEEE L FEF-KLTw5. B+F @iTik
a RTOEKLIZBED SR, LA N2, N6 Tz Nb
C oW+ E2 bh BBV ELCTH%. DP gl ist
BELDOERY i< B7d N6 o3 o v—+ Bl
WX BRI, BXU7 5, val, VEENTEE
Wt 3mm HEh o E D kEBIZ A T 7. Photo. 3
W2 VY H R XUEBEE X ML L
By, AT HAZ L 650°C ?Af@ﬂ)pj‘“@biv;y?
v FAVEES E ¥R, FOmEBLEALTVS. Kb
A, HETTOREL S LTRBRERIELALRT
Bl & LTWBA, & o CREMEEOFEIETL
B LB bh S BRI hi. Z oftucik
{bDERELT, 7 =74 hOEEC, NOREIE
% bhnn, N2 400°Cx 1h offimEaEL, >
.- PEBEROKLEYRE L KR, Hv=17
& Fig. 10 kT BEER L AER L TOHFHTDSV
AR IRE. Thbho EHEEMB HAZ Tolki(k
wEERTARADRTIE, BREBMOBHILEE, v
2 MU ERE B OB O ER TETH Y, &
Bk A DRENE, ERUREE S B AL O R E ST
% Nb DRI EETS.
3-4 EHHEE

89 N2 #F\C B+F s Xor F+4M i%fER L, %

O FE % etk & Hols Utz Table 2 i O BRI E 3
IVEMOBERBRE, IbICkA—AT 4 AZICER
RNick XAAMEL, BIEBLDL VT LEHERZHT
RO X% R L. B+F 2 F+M g3z
ER—0 TS & T3t bbb T, B OEhMEE
ity £10kgf/mm? XA LT 5. FIERES, H
BWEITHHE N E ML BT LR L0, BWH & SENM
X ETTHLOD, WTFhoHBEEETH F+M
M H_RTEERE SRR L. Y EHOREYT
4 5 ERTFIE, HRHCRET B R LBEESRR
I ep THBHZ LR ILMBRTW5. Fig. 11 ©HE
BRI X D ROTEVEUIGIIRE ¢ LERIEL
AMIRIR ep & OBGER R L. B+TF $loXh F+M

50F
BeF
~40F
£
E3of FM
2 °
© 20t

0005 0O 0025 005 01
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Fig. 11. Effect of microstructure on the relationship

between cyclic stress amplitude ¢ and cyclic plastic

strain amplitude ep. N
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Relationship between fatigue limit and (a) yield strength, (b) tensile strength.
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N, 2RI R e R LTRET 5
B UBHEH DXL D2 TERY, fEOTHEGENME X
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PN X OMEMMOERE L SHB LTS, Fi
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& DB E RDAA, Fig. 12 KRT X 51, Fhisx
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BWTh YS vy F+M S {EL-BhEEw & E 9T
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3-5 TiHFERMOIMN

3 1~3-4 IR LA EREC ST AEEND, 7 = 5 4
P& 10~20% DA A Fh bl BN, ek BT
FHT & UTER I 2 58 M s s T A o 1 % S84
THZEDNELMNE DR, TEBFEMTI O X 5 el
BMXBL5LT5L, 5v79 T —F AL TORM
BRI X OB HIEEDHIK A HILSEMERE, BHF ERE
PLORELPBELLB., 2T C, 5, Mn, Cr oR
e B AV, A DBE2 2 — ¢, 55 kgf/mm? &,
60 kgf/mm? £ DEGEHMN % BT 51 B BORL, ©
HGRMLIRE Ute. FEMI7 bEm e Table 1 2R3
X5, Wil Si-Mn-Nb RTH 5. HEEIZ, 55
kgf/mm? ffCi3 Mn &2 1.1% Thiro s, 60
kgf/mm? {fCi12 1.7% B Lz Lich s, Mn &
DI X b, 775°C L EORERICKITS 7 = 54 b
KRR E CBRBI®, B TH 775°C = cay
L, 7=71 ' ERE, —XBETHD 750°C jikei
BHL, TED7 =71 FEBEEYE L, X
B2HESRAFT1 L ETHHHEEL, 475°C T Xy
Dfc. 55kgf/mm? o 1.1%Mn $ic s\ T3, BSiE
WTHLERHETY = 5 1 P LRESETT 5700, BYER
T, BE-EBB LG E— UTEHIL, 475°C T
TRt ZORRGTHRS S5p 07 51+ 15
DXAFA LI BRI E BT,

TSR DB E S ¥ L T Table 3 iR L1
TS & S ERCBROBESB O TG 5, Hick
WMEORETH NI EBRAMEE, Trbbih kX
BT, M7 5 voEAB LR TGS, U7 5 v o

KOWTIRTESMH X ) KIBZE b L, ABEOED
B Rl T B & Lk FERAVR\ DT BBE L fo A3, 3.2
mmt @ 55 kgf/mm? ff O—fghy 7 REM 75 HSLA »
PLTHOIDRX LT, AEEHD 55 kgf/mm? gt
Tk 879, 60kgf/mm? bt Cit 70% it BricEh
TeERSE BN, F7 60kgf/mm? §ikt > vITs 13 C
HET —155°C L+HEETH DI 7 F o ¥ al
v MAEMOBEESM SR\ T HAZ <o LB
b, FIEREAEE T HAZ CHKI+5 = & & 7ot
EDI Y = V7 EHRBC X B AR D 60 kgf/mm? &
T +40kgf/mm? L EBHEELE Sz,

ik, FERMEABUC, THAEES 1 v THE IR
55, 60kgf/mm? §f Nb ¥#fn F+B giifii - s
REL, BHERHOLLOTEBOHRCMEAILT
VB,

4. & ®

5 2 ORI X v BN E 20 oA stk
IBICZELT 5 2 Ll T &S, FOhT 3 BIEHR
DFEtEE L TRIEHEET, »2oF0L b0 L i
O7 7 v omicB U TSR 2T ok, A% Huv
T 31 Tk~ & F CFETHE4 08 2 i G35
ESR A (FR L, FERES MR LA SEAT % 3 mmg,
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er=1In(D2/a,b,) e (1)
1o LD H#ER
T A FRETER, HH5 0 IE2HOTHEE L IA2R
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Table 3. Mechanical properties of commercial products.

Tensile property*1

J *2
Steel Thickness Direction Ys TS El glg:igl:zet(ijon(%) (“”(73%)S
(mm) (kgf/mm?)  (kgt/mm?) (%)
L 42.3 55.7 30.0 1t.0
35 2.3 T 44.2 56.3 30.0 10.0
60 5.9 L 51.2 62.3 30.0 10.0 —~170
. T 53.4 63.7 28.0 9.0 —155

*1: JIS-5 tensile specimen *2: JIS-5 with 2mm V notch tensile specimen
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Fig. 15. Effect of hardness of second phase on
the reduction of area ¢ and strain to void initia-
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Fig. 16. Relationship between strain of specimen
ex and strain of second phase 5. 1 indicates the
strain to void initiation.
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