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Synopsis :

The installation of a powerful down-coiler on the hot strip mill at Mizushima Works has
proved to be contributable to the development of rolling technique for heavy gauge hot
rolled coils. A summary of the results is as follows: (1) 25mm thick hot rolled coils for
structural use (DIN RST37-2) and 16mm thick hot rolled coils for line pipe (API-X60,
X65, X70) sufficiently satisfy specifications, with their quality very uniform. (2) In
rolling heavy gauge coils of high toughness by controlled rolling, an increase in a total
reduction rate to 66% in austenitic non-recrystallizing range results in a good
performance of a 50%SATT in BDWTT (less than -40°C) in API-X70.(3) Good quality is
obtained of spiral-welded pipe (API 5LS-X60) manufactured with low-C, Nb-V steel,
16mm thick hot rolled coil.

(c)JFE Steel Corporation, 2003
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Synopsis:

The installation of a powerful down-coiler on the hot strip mill at Mizushima Works has proved to be
contributable to the development of rolling technique for heavy gauge hot rolled coils. A summary of
the resulis is as follows:

(1y 25mm thick hot rolled coilz for structural use (DIN RST37-2) and 186mm thick hot rolled coils

for line pipe (API-XB0, X865, X70) sulficiently satisfy specifications, with their quality very uniform.

(2) In rolling heavy gauge coils of high toughness by controlled rolling, an increase in a total

reduction rate to 66% in austenitic non-recrystallizing range results in a good performance of a
B50%SATT in BDWTT (less than —40°C) in API-X70.

(3} Good quality is obtained of spiral-welded pipe (API 51LS-X60) manufactured with low -C, Nb-V

steel, 16mm thick hot rolled coil
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Item

Maker

Installed date
Type

Strip thickness

Strip width
Capacity Coil inner diameter
i Coil cuter diameter

Maximum weight

Maximum coiling Y.5. of coiling strip

specification Thickness x width

Coiling speed

Top roll diz. x body length

Bottom roll dia, x body length

Pinch roll Top motor

Bottom motor

Pressure force

Wedge type
Mandre! Motor

Maximum torque

Diameter x body length x rolls

Motor

Wrapper roll Pressure force

Diameter x body length
Motor

Bending roll
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Table 1 Coiler specification

Na. 3 down coiler

| Unit
ISHIKAWAJIMA-HARIMA
HEAVY INDUSTRIES CO. LTD.
May, 15973
3 wrapper roll-type down
! coiler with bending roll
! .
mm v 3.20-~-25.40
mm . 2200
mm L762
i mm 2350
! kg | 45000
" kg/mm® | 35.0
mm 162200
mpm 150
mimn 920 2 300
min o 920x 2 300
! kW x rpm 400 x 800
kW xrpm = 400x800
kg . B20006
kKW < rpm 500 x 380/1 185 2
kg 13 600
mm 350%2300x3
kW x rpm 52/104 % 550,/1 100
kz No. 1 66 000
2 49 000
3 55 000
mm 350 % 2 300
kW x rpm 52/104 « 550/1 100
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Fig. 1 Maximum sizes of hot rolled coils available Fig. 2 Thickness profiles of hot rolled coils for
at Mizushima Works (Besides API's specifi- DIN RST37-2{25mm) and API-X70(16mm)
cation described above, other than speci-
fications will also be available upon cus-
tomers request)

(a) DIN RST37-2 {b) API-XT70
25,0x2100mm 16,0 1 b50mm
Photo. 1 Appearance of hot rolled coils
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Table 2 Chemical composition of DIN RST37-2 (wt%)
c | s ' ™Ma P { § Al | CEx
0.16 | 0.04 ; 0.88 0.016 0.014 0.039 0.31
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Fig. 3 Distributions of tensile properties
(transverse) over the length of hot
rolled coils for DIN RST37-2
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Fig. 5 Distribution of hardness through
thickness for DIN RST37-2, 25mm
in thickness
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Fig. 4 Distributions of impact properties over
the length of hot rolled coils for
DIN RST37-2 (specimen : Charpy V-
notch full size)

Photo. 2 A typical microstructure
of DIN RST 37-2
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Table 3 Chemical composition of API-X60, X65 and X70 for line pipe (wt?%)
Grade | C 5 ! Ma P S Al Nb v Mo  Ce/S C.E.*
API-X60 0.11 0.26 1.16 0.015 0.005 0.03% 0.039 - 0.030 - 2.0 0.31
API-X65 0.10 0.24 1.45  0.013 0.005 0.048 0. 044 0.036 | — ! 1.5 0.35
API-X70 0.07 0.20 1.42 : 0.015° 0.005 0.029 . 0.047 0.210 1.0 0.35
% C.E.=[%C)+ _[%gln_]_+ [%Cr] + [%;ﬂojﬂ', %Vl T [ 2 Ni] ;’SEBECUt]
Table 4 Rolling temperatures and rolling schedule of API X60, X65 and X70 for line pipe
Rolling temperature Rolling schedule
I Slab ; . P e 7 i'Total
Grade " reheating iIiT delivery - Eemlmg tS}llz.iCbk < f’t?eit bar tS}Eréﬁ .  reduction
 temp. | temp. 1 mp. ickness ickness ickness helow 950°C
tooe) ) °CH (mm) {(mm) {mm) (%)
APIX60 . 1160  750~710  6l0~555 : 180 32 16.0 50
API-X65 1160 705~-680 595~550 150 47 16.0 66
API-X70 1160 705680 535~495 150 47 16.0 66
Table 5 Mechanical properties of API X60, X65 and X70 for line pipe
! . Tensile test Charpy impact test ‘ BDWTT
Testing | - - S [ .
G ; ; o oy
rade direction‘ Y.S. . T.S. ' EL Y.R.. Eyc (Ewc E-we vTo | % St
| }(kg/mm“):(kgimmﬁ)‘ (%) (%) }(kg‘m)‘(kg-m) (kg'm) (°C) ‘ °Cy  (°C)
L 47.5 |, 58.9 43 81 20.8 155 6.3  —d42 0. -4
API-X60 © . — . e :
i T | 50.1 59.3 42 85 12.2 8.6 4.1 —36 +10 - 2
L 50.2 (0.4 42 83 3G.0 27.8 26.3 —114 —40 —46
API X65 . - e )
!. T 52.1 59.8 42 87 17.5 18.0 15.6 —80 - 32 —36
L 55.5 64.2 38 86 29.9 29.8 20.6 - —120 —50 - b2
API-X70 - - . - .-
T 59.5 6.1 37 a0 13.6 —48

1) Tensile test specimen : API size, G.L. =2in
2} Charpy impact specimen : 2mm V-notch full size
3) Epc @ Absorbed energy at 0°C

E_s-c : Absorbed energy at —23°C

E_4s'c : Absarbed energy at —46°C
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Fig. 6 The transition curves of Charpy V-
notch impact test for API-X70
(specimen : Charpy V-notch full size)
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Table 6 Maximum hardness of heat
affected zone in the IIW test

Grade i Maximum hardness{Hv 10kg)
API-X60 \ 262
APL.X65 274
API X70 260

Welding condition

Electrode : Kawasaki Steel Corporation standard
K586 3fsin dia.

Temperature of specimens : 20°C

Welding current : 170A

Arc voltage : 23A

Welding speed : 5.91in/min

Heat input : 39.7k]1/in

Table 7 Percent cracking in the
under-bead cracking test

iPreheating temperature
a

Grade Magnification 03]
0 50 100
API X60 x400 . D 0 0
API X65 x 400 o . 0 ! o0
API-X70 «400 |0 ¢ 0 0

Welding condition

Electrode : Kawasaki Steel Corporation standard
KS86 in dia.

Drying condition of electrode : 350°C « 1h

Welding current : 100A

Arc voltage : 26V

Welding speed : 10in/min

Heat input : 15.6k]/in
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Fig. 7 Distributions of tensile properties over

the length of the hot rolled steel for
APIL-X70 16mm in thickness

BDWTT

Charpy impact test (full size)

Table 8 Percent cracking in the oblique
Y groove restraint cracking test

| Preheating temperature
! (EC

Grade Location. !
of cracking
___________ 0 50 100
API-X80 Surface 0, 0 0,0 0, 0
Section 6, 0 00 0, 0
Root 0, ¢ 0, 0 0, 0
API-X65 Surface 0,0 0,0 | 0 0
Section 0,0 00 ' 0 0
: Root 0, 0 0, 0 [ 0, 0
APLI-X70  Surface 0,0 0, 0 0,0
| Section 0, 0 0, 0 0 0
‘|Root 0,0 1 0,0 0, 0

Welding condition
Electrode : Kawasaki Steel Corp. standard
KS86 /3 in dia.
Drying condition : 350°Cx1h
Welding current : 170A
Arc voltage : 26V
Welding speed : 5.91in/min
Heat input : 45.0k]/in
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Fig. 9 Eifect of slab reheating temperatures
and rolling temperatures on tensile
properties of API-X60
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Table 9 Rolling temperatures and rolling schedule

Biphiy, 0 l IR B e R o BAIE
Rolling temperatures
.~ Slab N e
Strip reheating eFtI?ISPemg Eeoﬂmg Slab
temp. ntry temp. mp.
(°C) °C 70
1220 1 0003—~990 560 ~-545 180
2 1220 965~950  580--550 180

3 1160 985-~-975

(mm)

610 555 180

thickness

Rollmg schedule

Total Sheet bar

Sheet bar Serip "

thickness  thickness fef‘l‘r‘]‘g}:g;‘ of  holding

(mm3} _{mm} (%) {sec.)
32 16.0 50 0
32 16.0 50 30

32 16.0 50 0
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Phate. 4 Effect of coiling temperature on the microstructure of Nb-Mo steels for line pipe

Table 10 Change of microstructures and tensile properties of Nb-Mo steel,
API-X70 grade, with coiling temperature

Coiling i
temperature Microstructure Y5
(°C) (kg/ mm?* )
570 Ferrite + Pearlite i 55. 4
530 Ferrite + Pearlite 54.4

485 Acicular ferrite + Pearlite 55.5

C-Nb-Mo % GIHIEAL L 600°C BA M Tl
o357y, Acicular Ferrite (A) 4% Fe il /s fiL
FREion, T?M 25 C bt g wj L& RO
HAB LR LAMBRT A, 20 AHA
MO T LTG5 Rff Gl 70T foamiz, P
I6mm 2oV T A Z AER NS, (S5 CELE L or
B b e (CT)495°, 530°, 570°C o 3 e
T A4 =l 72, Photo, 4 wHlENC s L3
CT eoB¥A R, #l8ks CT #5 530°C kL |-
L F+P THhH, CTA95°C © A+P THh
. Thedyt, Table 34z 75 L fo i 4 T Bl
16mm &HE L8, 495°C & &1 5L
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Tensile test |

_ BDWTT
T.8, EL Y.R. 50%SATT

(kg/mm?) (%) (%) (%)}
59.2 “ o 90 38
1.2 41 88 —42

64,2 38 : 86 : —02

5 A4 T LT API 5LS-X60

Table 9 = .ii+ = F Vo714 & 083 (fE
C-Nb 'V % APLI-X60) my#Efh A3 - LT
AR No. 22 471219, 2mme x 16.0mm t
K RS A 5 U HTE APL BLS-X60 % 2 A&h
Lo, AT DR R4 4+ Table 11 1553,
W URL 2 7w — 2 7 — 7 BIE TR
MO, ETTEML IR AR LA BRI
PRIEEEL 7 T oo 2 )RR KF-X & Ti-Ni-Mo
FOMEEER KW-101B 9 1 4 — % 8 v 4o,
Table 1214 & EHE #ond ik 3 & 0F 9% B2 4595
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Table 11 Welding conditions
o Welding Welding .
Pipe Welding side Pole current Arc voltage speed Heat input
. . R N €. % B A (m/min) (k}/em)
Leading 1020 34
Inside : : o e — 25.5
Trailing 730 34
1. 3 _ ——— - e - O 1.4
I.eading 1080 33
QOutside - 23.0
Trailing 870 34
1y Leading : Leading electrode ) T B
Trailing : Trailing electrode
2) Pipes 1, 3 were manufactured from strip 1 and 3, respectively
Table 12 Tensile properties of API 5LS-X60
. e Testing Y.S. T.S. EL Y.R.
Pipe Location direction (kg/mm*) (kg/mm?*) | (%) (%
; L.E. T : 48.4 58.8 | 43 ! 82
1 i 509 _ T ! 51.9 62.1 | 42 84
T.E. | T ‘ 49.5 60.9 43 81
‘ L.E. | T 51.6 62.6 41 82
3 502 ! T | 48.0 5%.8 43 82
i T.E. | T ? 8.8 5.9 42 i 86
Specified value =42 2 1 =51 8 =223.5 —
T : Transverse
Table 13 Impact properties of API 5LS-X60 in Charpy impact test
. , [ Testing Eyc E_ayc E_w¢ v TJ“
Fipe Location direction (kg m) (kg-m} (kg.m) | (°Cy
L.E. T 15.3 13.7 7.7 —46
1 : 50% T 1 17.7 11.6 6.1 —30
T.E. i T 18,0 i 13.6 9.7 —18
' LE | T 23.6 16.8 14.1 ~32
3 ! 509 T 18.9 15,4 12,5 —64
T.E. T ‘ 20.9 17.9 5.0 . — B0
Specified value S.A. at 0°C: 35% min. Average 50%; min.
Table 14 Impact properties of API 5LS-X60 in BDWTT
. . Testing S.Ao0¢c S.A —zc | S A —wec 85%SATT 502 SATT
Flpe Loeation - girection ' (%) Cay O O o)
L.E, T 27, 25 12, 10 6, 6 + 18 +10
1 50% T 46, 24 18, 16 9, 7 +16 +6
T.E. T 32, 45 16, 13 7.8 +22 +6
L.E. T 95, 84 13, 17 7,07 -2 —10
3 50% T 92, 100 17, 17 13, 7 —4 —12
T.E. T 67, B4 17 7. 6 +4
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Table 15 Properties of weld joint of spiral weld pipe

Bend test‘“

' ile 13 _ K i ! T“L S
:W’Vl"ensak, testw Charpy V-notch 1mpa?t testi( /{sue)  Maximum D st )
Pipe T § Fracture ,Wﬁild metali - Bond ielf‘é aftected hardness . bend B hend
location By E-zy¢  Ere  E-gec Evc  E-gre Ho(10kg) & 2o% bend Root-ben
(kg/mm? (kg-m) (kg-m} (kg-m) (kg-m) (kg-m) (kg-m) .
1 61.6 B.M. 6.0 3.2 15,5 1.3 19.2 16,1  24.6 No deffect No deffect
3 ~ 890 ¢ B. M, 5.6 4.4 17,2 ' 12,1 17.9 14.8 241 No deffect No deffect

13 API type qpec1men w1th Weld remforcement
2% Average absorbed energy for three specimens
3} The bhending radius is equal to wall thickness

"(b) Pipe 3
Phote. 5 Microstructures of weld metals in API 5L5-X60

BONTZ 0 o A A ROM—-PEA B R o & Sedfi e

6. £ = stz
() ENICS ko TR OB o e
MiiaATE T ETGE D S0 DM 1 SR L, REMIEA - AT A P TO N
OFEN, M TREHH AR U ST 5 EREE AR AE D TRAEGTHL Z L 6Hh
st 2 Ml e e it 2~ AR BB Lt
pE S A A R X N 3 T i (4) 1% C-Nb-Mo FHidTiEA 16mm &)<
L, WEES L oRalie-HEoihk, ~1 7 te T LEIEINEE W T acmular ferrite #1
L= RS LT e @ W) i 5 i & oM e Hn B BRI EN o
c TIEA IR R B LS ORE, 26 (3 HIEIEmmO 7 -3 F o3 AP 5LS-X60
R WIS IO - ¥) SRR AT RSP E 2 - A F 'fx%%f& L, BEff & LTERIRDHE 26
W LR A iR, B AR ST E L, R SRR Aok 3 Toa 5 (/RS D s = -
TR TE £ COFHERM ORI T2 Tk~ e, t,mﬁ.mmJ rﬂrnnftgmq%:a
TORREENTLLRDERITHE, AN AT S e, T TFHEHE D TH
(1) Flkgots iz v T s L £ &) 8, %
B0kg/mm?® §#if i~ >\ T i1 ¢ B 25mm F T, tsde DT, RRSEE o L OBGEICE LT
APL-X70i 20 o iy 1550mm o5 19mm AV Do B R B A L A B OT HER o ,ﬁf;}g
FTELE AT RS L O A, BRI E LT s Dfshdinn E 125k T D
() R TR 25mm T, o of P IThRBESUTIESE - HMOEERO A0
FLr—VsA4 v THEH IO T RIE HRE, N AT CREINC BRI T E
16mm = CTOELEM AT L, FoE K FELL.
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