@ BAOSTEEL

+igh Strength Cold Forming
Hot-rolled Steel

T =AW B
mé’ﬂ)##" Zl 25 449 59




TIEUH A
= o E
HLIEFL LI

BSH JII =58 #M & 4T

Brief Introduction
FERASE

TEVMARSIER. BEREMINEENT20005
TEEAEREFR RN —LRELFR, BSAEX
A “BS” FF3k, 2B — R E3ENBS600MCHIBSTO0MCE,
RKENAFIEVM. ERXMEFNEEITI .. 2005FF
ML RIMEBRRKBIMENE KRN, s
“ABSTOOMCK 2. BS600MCK4. BS550MCK4%5 %, BSZ
JERMNARRIKE &N, BB RIFIMTTIEEME
AT, FIT 2R AT IRV EMmE. £
FEEHIEITI .

BSF IS 58 45 MR A SN AR () SE 2 RDIB IR ECR . 5
R E & AT LR AS B RO 122 1 AL I AN 42 1) % ADBL
AN, RENEHEHALANKAEMDOELRIZIK. F
EILZMEHARRIE TERTRENNF 4R T
MEREFIFT IR E. B M2000FEFR IV G, RS
RSBk, FriERFERK.

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
BS700MCK2, 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.
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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:

o 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.

«  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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The available size of BS series steels is as shown in the table below. Contact us if the required size is out of range.

Product Range of Dimensions
=
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Steel grade
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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 2585 & 3L
The designation of BS700MCK2:

JERRREER =L FBER) K2: -ZOZCiEIJf&TEK/J\?mJ

Minimum yield strength EFTROA R AN Ja: '40°C;¢$1EK/J\?27J
Thermomechanically rolled (M)~ K4: -40 CrpEAR /400

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 40J

7] LEHEN)

Baosteel Structural steel

for cold forming (C)
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Techmcal Delivery Conditions and Corresponding Steel

- swaly |

i FINFRE Corret?)g}znn; steels

Steel grade Specification EN10129 SSAB

BS550MCK4 BKJO7-063 S550MC Domex550MCE

BS600MCJ4 BKJ04-013 S600MC Domex600MCE
',Iv;p_e{I? BS600MCK4 BKJ10-049 S600MC Domex600MCE

BS700OMCK?2 BKJO05-006 S700MC Domex700MCD

BS960MCJ4 BKJ08-024 - Domex960

S550MC Q/BQB311-2007 S550MC Domex550MC
Bt (B600M0) (Bxv22005-018) S600MC Domex600MC
Tpyel S650MC Q/BQB311-2007 S650MC Domex650MC

e e L
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Delivery Conditions of Mechanical Properties

E B BRI 5@ R 180° I
B = TT] 1\1 Tensile test CVN Impact test Bending test
1CKNness A N \ N 7
Steel grade (mm) 75 [0 EREE HRRE R a0 mE PEE a0 TLER
Re (MPa) Rm (MPa) A5 (%) Temp. (°C) IE () 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
BS700MCK2 T L -20 >40 T d=2a
>8 >680 750-950 >15
BS900MCJ4 | 3-10 L 2900 2950 >10 L -40 >27 T = 3a
BS960MCJ4 | 3-10 L >960 >980 >10 L -40 >27 T = 3a
S550MC <16 L >550 600-760 >14 - - - T d = 1.5a
(Ssggc';gﬁ/lc) <16 L >600 650-820 >13 = = = T d=2a
S650MC <16 L >650 700-880 >12 - - - T d=2a
?B@?%%Ac) <6 L >700 750-950 >12 = = = T d=2a
E:

) T=Transverse, IXAFAEEE TEHITME): L=Longitude, IRiF 5 FATFELHI A E.
(2) PRI ER AR GIAREE. AREEL, =5.65VS, JEREEX A L/EREE . ERINRTHER, KARPO.2.

) PHIRAERAELEVEIG O, RPPEEA A= MIUFRNTSE, RPPEEEAT 10X 10 X555 ERTRAE, LR
B < 12rmm3E A5mmal 7.5mm/E B iR AE R, R PR E SR AR /N

Remarks:

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

) A short gauge length specimen (L,=5.65VS)) 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
FENBSHEFIFIRIN T 2000F AR A IIEASK, CH B AEF~2955700E, KA REM T (ERI80%6 A EFERFIKAE BRI

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:

= E E JERRERE AR 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
10-16 600-660 700-760 16-21 120-270
3-8 700-860 780-920 15-21 40-100
BS7TOOMCK?2
(8)-12 685-820 790-900 15-21 60-150
BS960MCJ4 4-8 960-1050 1050-1080 11-15 (100-140)
BS600MC 3-14 640-720 700-790 17-26 -
BSTOOMC 2.5-8 680-810 750-880 14-23 -
Y AN
8==37%
Composition wt%
58 2 5| = :
Minimum yield strength = Steel grade S S Vin e & Al &
550 BS550MCK4 <0.12 <0.50 <2.0 <0.015 <0.005 >0.015 -
BS600MCJ4
600 BSE00MOKA <0.12 <0.50 <2.0 <0.015 <0.005 >0.015 <0.005
BS600MC <0.12 <0.50 <2.0 <0.020 <0.010 >0.015 <0.005
BS700MCK2 <0.12 <0.60 <2.10 <0.025 <0.010 >0.015 <0.005
700
BS700MC <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

E ORIEREER, AN, V. Ti. Crv MoEE&ETTE.

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

I

FEINBSH L RINIE T AR & IR T FEITMEO R L S AR R AR M, FF R AR 1R LS

BMASBRUEA, RERFHIAIEZRME.
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.

RIFRIIEEME
— BN R RRAHRMIEY

Good Weldability

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

h = R 2SR 4R IR B SRR R SR 5
Steel grade C (%) Pcm
BS550MCK4 <0.08 <0.49 <0.22
BS600MCK4 <0.08 <0.45 <0.20
BS7TOOMCK?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

FABFEEAMREZERGIAE (CTs) ME TBSHRN
IR AR, SRR\ BTINREUR R 0%, IEM
BSH B RO CLL L AT EMUR LI T, TN H4E

SRR

— BAREE

BST 3R W IR HE 45 Sk O B KA FE/NF350HV 100 = 53R EWATIR
BEAFIXFE— LRI EBURRTRER A/
PN BOREEAR, DUS/NILX IR .

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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NEIREXRFOCH, BSERINRAN T ARG AT BT
185, NE PR L. HIE AMAGIRE:, IR
BRI SR A80%A+20%CO,; SURFTE 18~25 Ifmino

NFEFNERLERTE2VERE, SEENMEREN,
AR A LEIRETE, AR B R IR ER A A AL
=oRINE AT 2MEcC R ENRR ., AL
K mEmESAMEE RS EANKORKE: )
B, VAL ORIV B OB . 7R IR RS, FF IR
IRER, NieEEBEEA)N, 20 BINKEERRWRE
H.

STFFTRER, IR AR/NEZESH OB T ER,
BI/NERR, /NEE R, IR W TR EEZENSMLE, B
AIEERRATIGEITIR. N TEMES, ATHIEHI
2oy, RRIE—EMNEREKE, 20X Fsommic, 1B
SHAEAEA—EHNBEELERERX . I TVMAGIE,
LB ARZ M O 1.2mmA R, BETRIENIEESH
J: 100~200A, 12-19V, 2.5~Tmm/s; SRR ELLIRIETES
31 200~250A, 20~23V, 4.0~6.5mm/so

NFEZME@MERE, AILRAM A —LEBERET
EMSRTEELRNERETZ. I TMAGE, LMEHA
M 1. 2mmAR, HENAEIBERTMEmMERETZ
A1 200~250A, 20~23V, 4.0~6.5mm/s (¥5#TE) 5%
270~320A, 27~32V, 4.0~6.0mm/s (BF7EiE) »

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 200-2504, 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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BH700- 1185 2 Mt BAZN 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
BH600-1I, BH700-1I and BH800-1I. 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.

E JRLL AN

Baosteel  Steel used for wires

Al BHR/NRERE
The minimum tensile strength
of deposited metals

BRAIPSEIRE

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

s B2z, BEMS AR R R4 ERZ
Steel grade Rod grade Wire manufacturer Wire diameter
BS550MCK4 BH600- I s NV N
EBATE PR T, EONERH,
BS600MC BH700- LBRESENTEREME
BS600MCJ4 el . .
Shanghai Atlantic welding consum-
BS700MC BH700- || ables CO.,L‘td., Hubei KMK Weldlng <D1.2—1.Gmm
BSTOOMCK?2 BH800- || materials Co., Ltd., Wuhan Temo
~ welding consumables Co., Ltd. and
BHS00- | Shanghai Baoxuan metal products
BS960MCJ4 Co., Ltd.
BH900- I
RS N ERE
Results of mechanical tests of welded joints
e . HifRIR g 20CHhE %
Steel ?a de R IR 2 Hoat Hlun ot Tensile test CVN Impact test
(Thickness) Wire Gt e e SO E kT
Rm (MPa) Fracture position Position KV2(])
1 1 .
BS600MC B J24E | Weld metal 53
(12mm) BH700-1l g ;? 790 Base metal MEMIX [ HAZ 93
BSTOOMCK? e i 12.5 v 1527) JR4E | Weld metal 96
(8mm) 2 8 Base metal X | HAZ 65
BS960MCJ4 . 1 7.5 A | S5 | Weld metal 60
(6mm) Union X 90 2 95 1009 HAZ MK | HAZ 70
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BSTEIRMAM AN R EIMIMIBEM B EZATZA, BIKA

RIRTETT I WAFIRIE I N RER BRI, EIRE
FREAREIE550C, BT IIRE, FIRELIZRSMARIERE.

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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BSE RN A HEATHUM BTN T . B 7]j8) BB 2 EERS L,
= 3R N BT VBT ROZIE SR AR XS R/ N BT D8] BE, 6% 20 BT 1T
HHIM OSBRI R Z—NEZSHEHTIERE, 4§20,
BII700MPas& FE M1 A, T1EAE E N 24K F58HRC,

BSTE SRR AR -2 M ANETIEIRT, PIELERE. IKE S
AAEFFE XS IR BB EEZZN, KR E
Mo B K. BEE PIEIE E oK, HUEEZ 4 H-FE E
R, RUBIEREF N EE, HURIA THRZIMX

(HAZ) BIZE FEBEE VIR EHIIB AN R AR N Stk
JERELE, |ERIIBIRBEN B E, BEHAZEE EHAEXY
B, BAEERA.

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.

MNIEDIRIRS, BSF P IRINK A TR IEI S HAI RS IFHITIE R E-

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

TIEISH
h = w E Cutting parameters
Steel grade Thickness (mm) S5EN ZIES YIEHE
Oxygen pressure (MPa) Acetylene pressure (MPa) Cutting speed (mm/s)
BS600MC 12 0.35-0.45 0.03-0.05 6-10
BS700MC 6 0.35-0.45 0.03-0.05 10-15

BSTE IR INAELME S FUIRIFIEOCIE], BRI
X B B2/ T AUEDIR, BYIRIREMR T AMETIE.

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

BSEFIHGEAL RN SMNER EE AR ERAT
FEWEFRQ/BAB301-2009 (FZEELIMAR K WA HI R T sh

. EERAFRED

HApZEMASAENT:

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.

The classification and designation are specified as:

018 (EC) Cut Edge
BB \ Edge Conditi 8

G ge Condition 1 Fge

LEEERE PTA) Normal thickness tol PTA
BEEREDNA E;_ : " Thickness Tolerance ormal thickness tolerance ( )

BEEERE (PTB) (PT.B)

[yt ) Pickled
BEREAEFRD A - Surface treatment

* IR VLR mE Hrace teatmen As rolled

ELTS (BIFR: 07) Hot-rolled strip (Strip)
BRI A PELINMR (BIFR: WAR) Classification Hot-rolled plate (Plate)

AELYIMT (BIFR: YT Hot-rolled slitting strip (Slitting Strip)

BSRFSERINIAFE AR IHED AR, a0 R

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

TFEEMBAFE LT E

Deviation in flatness for width (mm)

<1200 >1200—1500 >1500
NZK, <22 <29 <35
RNTREELR SIE <15 <18 <23
Flatness level S24R <8 <11 <13
S34 <6 <6 <8
E Remarks:
M PAERFERFEUSATNR, NERTMNE. (1) The flatness above is for plates, not for strips.
(2) WAPNAEE (FEE) BSEEXR, HEWNAENE (2)  If S-level flatness is required, it should be mutually agreed and specified in
HEERFER. the order.
(3) WAPRNWEEFEEER, TAPASRERIEKTE (3)  Ifflatness on strips is required, it should be mutually agreed and specified
HIETR T, HEWN AR M EHEEBEFER. in the order on the condition that customer's equipment has enough
(4) NEEAFEZIEEKNFREREES L, WETER process ability.
HESAHNRAES. 4) 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 NFESEMMER, £33 IEE MR EEMINEX, ITEE SR, StHEN Tt

W,

FHHESRFER.

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

AR SRV A&

Users Steel grades Usage

j BS700MCK2 ‘

HI&EH BS960MCJ4 Tzt

XCMG BS600MC Construction machines
BS700MC

RECEM BS600MC Tzt

Zoomlion BS700MC Construction machines

=51 BS700MCK2 Tzt

Sany Heavy Industry Co., Ltd. BS600MC Construction machines

LFE LR BB RA ST0OMOK TRA

Shantui Construction Machinery Co., Ltd. Construction machines

W)IHCT T2 ENARFATAF BS600MCJ4 Tzt

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

SRR ARG E LARAT BSS00MC TRbI

Manitowoc Dongyue Heavy Industries Co., Ltd. Construction machines

RIS B LEH SO TR

Shenyang North Traffic Heavy Industry Group Construction machines

hEEH el

CIMC BS700MC Marine container

HREBEEERHEARA BS700MOK2 25

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

BB e B A E AR ST00MCKS T

Bombardier Sifang (Qingdao) Transportation Ltd. Rail cars

R EEREBRAR R R

Shenzhen CIMC Special Vehicle Co., Ltd. Special vehicles

ZERIE

Our Vision

EW—ARE "EETEY, EES T WS, ERELSRNIARLRE LB THHAEL, ™R Hk
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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.





