@ BAOSTEEL

High Strength Cold Forming
Hot-rolled Steel
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Brief Introduction
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The Development of BS Series Steels
High strength steel (HSS) and Ultra-high strength steel (UHSS) for

construction machinery were first developed in China by Baosteel in
2000. These high strength cold forming hot-rolled steels (BS series
steels), mostly initialed by “BS”, such as Type I BS steels, BS600MC and
BS700MC, have been used in large amount in construction machinery
and marine container industries. In 2005, Baosteel developed the Type
II BS steels, which have good toughness at low temperature, such as
BS700MCK?2, BS600MCK4 and BS550MCK4. The BS series steels are
low carbon low alloy structural steels with good welding performance
and cold formability. They could be widely used in construction

machinery, vehicle structure and marine container industries.

The BS series steels get a microstructure of Bainite with Ferrite by the
adoption of Baosteel’s advanced metallurgy process, Nb-Ti micro
alloying treatment, and accurate control of rolling and cooling. The
manufacture process and microstructure ensure stable and qualified
mechanical properties, formability and reliable quality. After the
development in 2000, BS series steels are welcomed by our users and

the annual sales are increasing year by year.

o~

SHES (M)
Sales (10,000 ton)

-

N

()4-\.\

2002 2003 2004 2005 2006

2007 2008 2009 2010



% AE RN LS T me] B2 /NIRRT EE, i3t
MRS B E. Rk 4N, BSRIIERMNIEEFT T
4

RBIAR T, N [E) 58 24 5l S AR T 88 15 4 0 T A%
;

RIFRIEEE, AR BB (R IR R ARk, (8453
SKHIMERELR

R IFRIMR 5.

The designed thickness of the plates in a structure can be reduced
without loss of load-bearing capability by switching from
conventional steels to high strength steels, thus the tare weight
of the structure can be reduced. This is one of the major benefits
of using BS series steels. Furthermore, the BS series steels are

featured with:
«  Good formability. All grades of BS steel can be cold formed.

o Excellent welding performance. The steels have low welding

crack sensitivity and the properties of welding joint are good.

o Good toughness at low temperature.
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Manufacture Process and Delivery Condition

Manufacture process:

The BS series steels are killed in oxygen converter. After secondary
refining and continuous casting, the slabs are reheated and rolled
into coil in TMCP rolling process. After inspection, the BS series
steels may be delivered in coil, or in sheets with further leveling

and cutting process.

Delivery condition:

The BS series steels are delivered in TMCP condition.
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Technical Delivery Conditions and Typical Properties
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Type I BS series steels are delivered according to Q/BQB 311 or BXYZ2008-018 while Type II according to BK] technical specifications.
The difference between Type I and Type II is that Type I steels do not guarantee the impact energy while Type II steels guarantee a low

temperature toughness, which is shown with suffix K2, J4, etc.

BSTOOMCK 2hH-5 2 5.

The designation of BS700MCK2:

B S 7 0 0 M C K 2
E= BRI JE RSB TR sELi4 (ARRR) K2: 20 Cim i AR/ 400
Baosteel Structural steel Minimum yield strength AEFEHS AR AR J4: 40 CrEEANTF27)

AT SRR AE I E 5N =

Technical Delivery Conditions and Corresponding Steel

Thermomechanically rolled (M)
for cold forming (C)

K4: -40°CihEEAR/NF400

K2: Impact energy at -20°C not less than 40)
J4: Impact energy at -40°C not less than 27)
K4: Impact energy at -40°C not less than 40)

o=
B = %@m{v_ﬁﬁ Corret?)]o&ngnugu steels
Steel grade Specification ——— SSAB
BS550MCK4 BKJOT7-063 S550MC Domex550MCE
BS600MCJ4 BKJ04-013 S600MC Domex600MCE
:li;p_e{I? BS600MCK4 BKJ10-049 S600MC Domex600MCE
BS700MCK2 BKJ05-006 ST00MC Domex700MCD
BS960MCJ4 BKJ08-024 - Domex960
S550MC Q/BQB311-2007 S550MC Domex550MC
PN (B500MC) Bxv72005.018) S600MC Dormex600MC
Tpyel S650MC Q/BQB311-2007 S650MC Domex650MC
(BST0OMC) e S700MC Domex700MC
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Delivery Conditions of Mechanical Properties

B = R 56 @ IR 180° I LE
= ﬁicknze o Tensile test CVN Impact test Bending test
Steel grade ) Lo JBIRRE MRBEE R Ao mE mEE 0 EVIN=EES

Re (MPa) Rm (MPa) A5 (%) Temp. (°C) 1IE (]) Diameter
BS550MCK4 | <16 T >550 >600 >18 L -20 >40 T d=2a
<10 >600 >680 >15
BS600MCJ4 T L -40 >27 T d=2a

10-16 >580 >680 >15
BS600MCK4 | <16 T >600 >680 >15 L -40 >40 T d=2a

3-8 >700 750-950 >15
BS7T00MCK2 T L -20 >40 T d=2a

>8 >680 750-950 >15
BS900MCJ4 | 3-10 L >900 >950 >10 L -40 >27 T d = 3a
BS960MCJ4 | 3-10 L >960 >980 >10 -40 >27 T d=3a
S550MC <16 L >550 600-760 >14 - - - T d=15a
S600MC
(BS600MC) <16 L >600 650-820 >13 = = = T d=2a
S650MC <16 L >650 700-880 >12 - - - T d=72a
STOOMC
(BSTOOMC) <6 L >700 750-950 >12 = = = T d=2a

i

(1) T=Transverse, T EEE T ELHIE); L=Longitude, A7 AT FELHI51E .

(2)  HrEIAER AR BIAREE. #REEL =5.65VS, JEMRBERALEREE., ERIRAHER, RARPO.2.

(3)  AEEAERARRVEIG R, RPRHEEA A= MUFNFESE, RPPEEEAT 10X 10 Xs5krERSIERE, HiR
2 < 12mmZK& FA5mmER 7.5mm /2 E R E IR AR, SRR HEZELL G /N

Remarks:

(h T=Transverse, specimen direction is perpendicular to the rolling direction; L=Longitude, specimen direction is parallel to the rolling direction.

?2) A short gauge length specimen (LOZS.GS\EO) is adopted in the tensile test. For the specified yield strength, the upper yield strength shall be taken. If the yield
phenomenon is not present, the 0.2% proof strength (Rp0.2) shall be taken.

3) Charpy V-notch specimen shall be adopted in the impact test. The minimum impact values given in the table above apply for the mean of 3 full size test pieces.
Subsidiary test pieces shall be adopted when the thickness of plate is less than |2mm, the minimum impact values given in the table above shall be reduced in
proportion to the cross-sectional area of the test piece.
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Typical Mechanical Properties
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More than 550,000 tons BS series steels have been produced after the development in 2000. 80% of the actual properties of the product are

within the value given in the table below:

h = E E JERREE TR E
Steel grade Thickness (mm) Re (MPa) Rm (MPa)
BS550MCK4 6-12 560-645 645-740 16-26 120-280
2.5-(10) 600-670 680-780 15-23 140-240
BS600MCJ4
10-16 600-660 T700-760 16-21 120-270
3-8 700-860 780-920 15-21 40-100
BSTOOMCK?2
(8)-12 685-820 790-900 15-21 60-150
BS960MCJ4 4-8 960-1050 1050-1080 11-15 (100-140)
BS600MC 3-14 640-720 T700-790 17-26 -
BSTOOMC 2.5-8 680-810 750-880 14-23 -
=l AN
(A=) %

Composition wt%

58 E Al hE =

Minimum yield strength Steel grade

550 BS550MCK4 <0.12 <0.50 <2.0 <0.015 <0.005 2>0.015 -

500 gggggmgﬁ <0.12 <0.50 <2.0 <0.015 <0.005 2>0.015 <0.005
BS600MC <0.12 <0.50 <2.0 <0.020 <0.010 2>0.015 <0.005
BS7TOOMCK?2 <0.12 <0.60 <2.10 <0.025 <0.010 2>0.015 <0.005

700 BS7OOMC <0.12 <0.60 <2.10 <0.025 <0.015 >0.015 <0.005

900 BS900MCJ4 <0.12 <0.50 <1.60 <0.015 <0.005 >0.015 <0.003

960 BS960MCJ4 <0.12 <0.50 <1.60 <0.015 <0.005 >0.015 <0.003

Fr O RIEREENR, AIJIANb. V. Ti. Crv MoHEAE TR,

According to the strength, Nb,V, Ti, Cr and Mo may be added.
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Machining and Welding
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Welding

BS series steels has low carbon equivalent and low weld crack sensitivity index obtained from low carbon and low alloy designing. The

steels show good weldability by the use of advanced smelting technology and micro-alloy enhancement technology.

REFRIEZNE
— BRI

Good Weldability

carbon equivalent (Ceq) and weld crack sensitivity index (Pcm)

= 2SR5 R HE SR 4R IR R R R S5
Steel grade C (%) Ceq Pcm
BS550MCK4 <0.08 <0.49 <0.22
BS600MCK4 <0.08 <0.45 <0.20
BS700MCK?2 <0.08 <0.47 <0.21
BS960MCJ4 <0.10 <0.52 <0.24
BS600MC <0.08 <0.45 <0.20
BS700MC <0.08 <0.47 <0.21

Ceq=C+Mn/6+(Cu+Ni)/15+(Cr+Mo+V)/5
Pcm=C+Si/30+(Mn+Cu+Cr)/20+Ni/60+Mo/15+V/10+5B

— BRI
FABEEEAMREERRAARE (CTS) WE TBSH RN
IR RSN, BRRPBRIRAR LR 0%, UL
BSZ SIS IR0 CLL AT EFRE M TR, R EH 4
RERYL

— BRI E

BSTS 38§ (T # 4 SKL B9 & KR FE/NTF350HV 100 73R IWATIE
BEREMXFE—MERERRL K. FBURATRER A/
P RIEFEAE, DUR/NIEIXBIFE .

Welding Crack Sensitivity Test

Controlled thermal severity cracking test (CTS) is used to evaluate
the welding crack sensitivity of BS series steels. The results show
that the frequency of welding crack for these steels is 0%. This
means that when the air temperature is higher than 0°C, welding

of BS series steels may not generate the cracks.

Hardness of the Joints

The highest hardness of the welded joints of these steels is lower
than 350HV10. There is a narrow softened zone in the HAZ of
the welded joints. A small heat input and high welding speed is

recommended in order to decrease the width of softened zone.
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EIETESH

MEIREARTOoCH, BSE RN NE gt il B BT
123, RSP IR 434, HEEE FIMAGIR R, #HE IR
AR SR H80%A+20%CO,,; ST E 18~25 I/mino

NFEFNEZ2ER T2 ERE HYEENLEREN,
R BRI ETTE, X AR R IR IR ER P A . FREL
=ORINE AT 2L BRI, B AR RE:
Mgk M ESAME RSk FANM O8RS
B O, VAL IRV B VR0, TEIR BT, BHHILAR
IRER, NiREERERAN, BRIl EERWRE
Mo

SFHTRIERT, PIR AR/NEZESHNB BT IERL,
BI/NEEA, NEBIE, BRIERIE; N TFHEANEZNSEME, B
AIEERXATIGEI TR W FEAMERE, ATHIEHI
WLy, NRIF—EREREKE, E0KFsommic, 185
SR AEA—EHNBEETEERX. X TFMAGIE,
DL AR A& o 1.2mm Al , HEFTRIEMNIEZE S
295 100~200A, 12-19V, 2.5~Tmm/s; TR EMIRIEFES 4]
A1 200~250A, 20~23V, 4.0~6.5mm/so

NFHEAMEMESE, TUARAEA - LENERYT
EAMHERIERANEZTZ. XTFMAGIE, LEA
&G 1. 2mmARl, EENHRBEEZRNEZEEREZTZ
A1 200~250A, 20~23V, 4.0~6.5mm/s (H&MEILE) 5%
270~320A, 27~32V, 4.0~6.0mm/s (BTILE) -

Welding Parameters

When air temperature is higher than 0°C, no preheating is needed
before welding and the welding crack might not be found in
the joints. MAG welding is recommended, with shielding gas of
80%Ar+20%CO, and gas flow of 18-251/min.

The recommended filler metal wires can be used in all-position
welding. Vertical position welding should utilize the welding
direction from the bottom to top, so the welding cracks could be
avoided. Common joint forms, such as butt joint, corner joint and
lap joint could be used on high strength steels. Normal forms of
the grooves include I-groove, V-groove and double V-groove etc.
can be used. If incomplete penetration defects occur in the joints,
two aspects should be checked. One is whether the welding gap is
too small, the other is whether the arc is not vertical to the plate

surface.

Backing welding should use the droplet transfer form with small
welding parameters, which means low current, small voltage and
high welding speed. TIG backing welding may be used for some
particularly important structures. The length of tack welding
should be guaranteed, for example longer than 50mm, to prevent
welding cracks. For the common wires with ®1.2mm in MAG
welding, the typical backing welding parameters would follow
as 100-200A, 12-19V and 2.5-7mm/s; the typical tack welding
parameters would be 200-250A, 20-23V and 4.0-6.5mm/s.

Filling welding and cover welding could use the droplet transfer
form and spray transfer form with little larger welding parameters.
For the common wires with ®1.2mm in MAG welding, the typical
filling welding and cover welding parameters would be 200-250A,
20-23V, 4.0-6.5mm/s, or 270-320A, 27-32V, 4.0-6.0mm/s.
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BHT00-11h#5 & S AR LN T
Meaning of BH700-II described as following:

Filler Metals

When the mechanical properties could meet the component
requirements, it is better to select lower strength filler metals
during welding BS high strength steels. It is especially important

to use low-matched welding materials for corner joints.

Baosteel has successfully produced high-quality wire rods for high
strength steel through advanced smelting technology, including
BH600-1II, BH700-II and BH800-II. These rods have been supplied
to domestic major welding consumables manufacturers, such as
Shanghai Atlantic welding consumables Co.,Ltd., Hubei KMK
welding materials Co., Ltd., Wuhan Temo welding consumables

Co., Ltd. and Shanghai Baoxuan metal products Co., Ltd.

it 1222 FAEN

Baosteel  Steel used for wires

B SRR/ NMIRERE
The minimum tensile strength
of deposited metals

BERIPSEIEE

Argon-rich gas arc welding
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Welding consumables for BS high strength hot-rolled steels could be shown as follows.

s B2, FEES AIEEIE M Rz HR7
Steel grade Rod grade Wire manufacturer Wire diameter
BS550MCK4 BH600- I o NV - s
AT AR E, BT,
BS600MC LEFEEENTZIREM A
SE00MC BH700-11 il

5 MEJa Shanghai Atlantic welding consum-
BSTOOMC BH700-11 ables Co.,Ltd., Hubei KMK welding d1.2-1.6mm
BS700MCK?2 materials Co., Ltd., Wuhan Temo

BH800- welding consumables Co., Ltd. and

BH800- 11 Shanghai Baoxuan metal products
BS960MCJ4 Co., Ltd.

BH900- I
BRI hFEEE

Results of mechanical tests of welded joints

AR 0 20ChEIH %

=] A

};?e o ?‘a de I AR~ i ) Httfﬁﬂ 1)\ut Tensile test CVN Impact test

(Thickness) Wire (K)/erm) iR E WA B BOE )
Rm (MPa) Fracture position Position KV2 (])

1 11 .

BS600MC Bt Y242 | Weld metal 53

(12mm) BHT700-11 g ;? 730 Base metal MEMX | HAZ 93

BSTOOMCK? — 1 12.5 o =52Y) JR4E | Weld metal 96

(8mm) 2 8 Base metal X [ HAZ 65

BS960MCJ4 , 1 75 e imx Y242 | Weld metal 60

(6mm) Union X 90 2 9.5 1009 HAZ MK | HAZ 70
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£, AN,

wE

BSTE RN AN R HIAMIBEM B EH NS, IR
R R IE I T B ER RTINS, WA
FREANEBIE550C, BT IRE, ATREUEMARILAE.

Cold Forming

With high strength and good formability, BS series steels are
suitable for cold forming. Attention shall be paid to the bending
radius, which is an important parameter for the cold forming of
high strength steel. It is suggested the actual bending diameter
not less than the diameter specified in the delivery condition.
Also to note, the rebounding of high strength steels is greater than
conventional steels and might result in the deviation of the shape.

Suitable over-bending could be applied to get the required angle.

During the roll forming, the deformation value of each pass
should not be too great. By the adjustment of deformation value,

edge cracking may be avoided.

Leveling

Cold leveling is recommended when deviation occurs after
the forming of BS series steels. If heat leveling must be used in
exceptional situation, the heat leveling temperature is suggested

not greater than 550°C in order to avoid changes in properties.
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BSEREN AT B THLMEIYI NN T ST ] BE 2 EERISEL,
SR INBIYIRT ROZAE ZAE X B/ NGB J] (8] B, 8% o0 BIIIAT
HHEIOSBENR. 5—NEESHEHVEE, Fi20,
BI1J]700MPadi AN A BT, JIEARE E N 2 A F58HRC,

BSERINK AE-Z B ASETIEIRT, TIBIERE. SEEN
MG EXS IR LB R EE RN, AP &R ENE
B K. BEE PIEIE Z K, EYIRmE 4 H-FE R
FdE, 2R ERERNEE, KRR TAFX

(HAZ) HOZEFERBE V)R E AR N TE AR /N S
Jarate, |En IR REBENRE, AHAZEEHBAEXS
B, HAEEFR M.

Cutting

BS series steels may be mechanical sheared. Blade clearance is
an important parameter. In order to avoid separation in cutting
section, a small blade clearance shall be adopted during the
cutting of high strength steel. Another important parameter is the
hardness of blades. For example, it should be greater than 58HRC
to cut the steel with specified minimum yield strength of 700MPa.

When the BS series steels are cut by oxyacetylene flame, the cutting
speed, gas pressure and flame character have great influence on
the cutting quality, especially the speed. With the increase of
speed, the cutting face will transit from straight to tilt and the
quality of cutting surface will decrease. The width of HAZ will
decrease when the speed increases. Compared with neutral flame,
the oxidation flame will undermine the quality of cutting surface
and increase the width of HAZ. It is not suggested to use oxidation

flame.

MIETIEIRT, BSF SRR A TR B S MR RS R TRV L&

BS series steels can get a good cutting quality by flame cutting when the parameters in the table below are adopted.

PIEIER
B = w E Cutting parameters
Steel grade Thickness (mm) S5EN ZHES 2R E
Oxygen pressure (MPa) Acetylene pressure (MPa) Cutting speed (mm/s)
BS600MC 12 0.35-0.45 0.03-0.05 6-10
BS7T00MC 6 0.35-0.45 0.03-0.05 10-15
BSEIRINAELE AE S FUIEIFEOETIR], EANEIRE

X 58 B2/ NFAUETIR], BEYIRIREM T AUETIR].

BS series steels are suitable for plasma cutting or laser cutting,
by which the width of HAZ will be greatly decreased and cutting

surface quality increased than by flaming cutting.

11
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Delivery Condition
BSAFIPUELL S RINRAIR T SME R EE RITF RETAT

FWEFRQ/BAB301-2009 (FRIZEELNAR K SN HI R T Sh
. EBRAFRE) -

The tolerance on dimension, shape and mass is according to
Baosteel’s standard Q/BQB 301-2009, Hot-rolled steel sheets and

strips - Tolerance on dimension, shape and mass.

HAp XM SAEWNT: The classification and designation are specified as:

118 (EC) Cut Edge
BIDBRTS DN . Edge Conditi
8 (EM) ge ondition Mill Edge
LT BEERE (PTA) Normal thickness tol (PT.A)
N " . = IHZEEE ormal thickness tolerance (PT.
EEAEE DX — i
REERENA BEEERE (PTo) Thickness Tolerance (PTB)
. ERLRE Pickled
BRELET DA - Surface treatment
ERR LR E Hrace Heatmen As rolled
#ELT (R W) Hot-rolled strip (Strip)
BEEmAER DA PELENAR (BTAR: $WAR) Classification Hot-rolled plate (Plate)
PELYTINE (BIAR: HIERT) Hot-rolled slitting strip (Slitting Strip)

BSEFIBRINHINFE A ED AR, 2 TRAR:

There are 4 levels of flatness for BS series steels, as listed below:

T ER BN EE S IHE
Deviation in flatness for width (mm)
<1200 >1200—1500 >1500
N <22 <29 <35
R SIE <15 <18 <23
Flatness level S2% <8 <11 <13
S34; <6 <6 <8
E Remarks:
() MUEARFEAFENEATNE, NEATNE. (1) The flatness above is for plates, not for strips.
(2) WHAPXAEE (FHEE) BsHEXR, HENAHENE (2)  IfS-level flatness is required, it should be mutually agreed and specified in
HEaEHRTHR. the order.

(3) WAAMWERFEEER, EARASRERIRE Q)
RIRTIR T, BN A A HEER FIEM-

(4 NFEAFEREERNRTHERELESG L, WRTE
HEEE & EARAERS. (4)

If flatness on strips is required, it should be mutually agreed and specified
in the order on the condition that customer's equipment has enough
process ability.

The deviation of flatness is determined by the maximum distance
between the steel plate and the reference platform on which the steel

plated is placed.

AP RSAZE NFEEEMINESK, £33 VIR B IWIRE N FEAMINEK, BT RIS, ftFEN T R
W, HESRFIER.

Any additional requirement on dimension tolerance or flatness, especially the flatness after cutting, shall be supplied at the time of

ordering. Mutually agreed, the requirement shall be specified in the order.
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Typical Applications
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Users Steel grades Usage

p BS700MCK2 i

HILH BS960MCJ4 TAEHIM,

XCMG BS600MC Construction machines
BS700MC

RECER} BS600MC TAEHLM,

Zoomlion BS700MC Construction machines

=—=T BS700MCK2 TAEHAN

Sany Heavy Industry Co., Ltd. BS600MC Construction machines

ZHITREVERAR T2

Anhui Liugong Crane Co., Ltd. BS700MCK2 Construction machines

L LA R BIRAR SO0 TR

Shantui Construction Machinery Co., Ltd. Construction machines

MWIROT TREENNERFE AR BS600MCJ4 TR,

Sichuan Changjiang Engineering Crane Co., Ltd. BS700MCK2 Construction machines

SRR RS LARAT HSEOOMC TR

Manitowoc Dongyue Heavy Industries Co., Ltd. Construction machines

JCBRAE T 2B E T EEH] BSE00MC TAEALM

Shenyang North Traffic Heavy Industry Group Construction machines

REELEH] i

CIMC BS700MC Marine container

B BE LR E B RAT BSTOMCKD 35

Zhangjiagang Marine Star Marine Container Co., Ltd. Marine container

SHM7ECBE%k s EERAH BS700MCK2 KIEZHR

Bombardier Sifang (Qingdao) Transportation Ltd. Rail cars

N~y = A= g

IR EE AR S AR

Shenzhen CIMC Special Vehicle Co., Ltd.

Special vehicles

HRIE
Our Vision

FEW—AFT "EETF, EEZET O OISR, ERELEBRNIFRIR LS TR, M m AW Rk
K, BARTURB EUH, NELEFRARS 2 02 BB N TEAN RIS T RS & R

Following the creed, “Good at learning and good at innovation”, Baosteel is pioneering in the development of high strength hot-rolled

steel, continuing the upgrade of products and breakthrough of technology. With high quality products and full-hearted service, Baosteel

will contribute to the development of domestic and foreign construction machinery industry.
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Steel Sheet Sales Department Product Development Department Baosteel Service Hot-line http://www.baosteel.net.cn
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FAX: 0066-2-6543010
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BAOSTEEL TRADING EUROPE GMBH
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HOUSTON REPRESENTATIVE OFFICE
TEL: 001-281-4847333

FAX: 001-281-4842655
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