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Manufacturing Techniques and Characteristics
of High Grade ERW Line Pipe API 5L X80
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Synopsis:

Kawasalki Steel has heen exploring technology for APISL X80 by
26"’¢ ERW pipe mill at Chita Works. It is the most important to
develop the high-strength, large-thickness hot rolled coil with excel-
lent toughness and to improve the toughness of welded seam. By
adoption of the new controlled-rolling methed, edge miller machine
and gas-shielded welding technology, Kawasaki Steel has made the
development of APISL X80 ERW line pipe 267/¢x 0.574'/¢t with
excellent toughness, whose y T’ of the Charpy impact test is under
+-32°C. This paper describes the details of the pipe manufacturing

process and the properties obtained.
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Fig. 1 Layout of hot strip mill (S8RT, slab reheating temperature; R4ET, R4 entry temperature; FET, finisher entry
temperature; FDT, finisher delivery temperature; CT, coiling temperature}

Table 1  API 5L X80 requirement

Chemical C=0.18%
requirement Mn=<1.80%
P<0.030%
S=0.018%
Tensile YSz=80ksi (56.2 kgf/mm?)
requrement | g 00120 ki (63.3~84.4 kgf/mm?)
Toughness Absorbed energy:
g‘;‘!,?‘?g}fcn)t at All heat ave. 250£t-1b (6.9 kg-m)
(hase metal} Ave. from one heat 220ft.1b (2.8 kg-m)

Shear area:
All heat ave. =70%
Ave. from one heat=409%

Table 2 Chermical composition of API 51 X65
(wt %)

C Si Mn P ] Others

0.07 0.30 1.20 0.008 | 0.001 Al, Nb, V, Ti

Table 3 Hot rolling conditions of API 5L X65

Thickness Reduction in

of SRT | FDT | CT austenitq non-

CR Process hot strip | (°C) | (°C) | (°C) recry?;glilcl)zatmn
(mm) (%)
New 15.88 1200| 740 510 79.6
Conventional 15.88 1200 750 | 510 66.2
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Fig. 2 Comparison of Charpy impact toughness of hot coils
between the new and conventional CR processes
(Test direction, C; specimen size, 10 mm % 10 mm)
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Fig. 3 Comparison of DWTT of hot coils between the new and
conventional CR processes (Test direction, C)
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Photo 1 Comparison of microstructure of hot coils between the new and conventional CR processes (AP 5L X65, £=15.88 mm)

EIE 4 THHITEEEL (New CR process) & $EE{IfERES: (Con-
ventional CR process) 1. L 15.88mm [ d o b = 4 A% 8L
oo THBDF y b oA AOESEIREY Fig. 2 8 X032, ¢
2 il Hi % Photo 11 R 3, FHIEEER LD v e —
v Tos 249 40°C, DWTT85% FATT 249 15°C T3, Zhik
RIS T o JET 2 A FEREINEES T 66% L thion
oL, FHEEE T 80% & kX {7/, Photol =
T RO OMMIEE AR RE{ B THD, ZOLIIC
FHHEIE R T A O e 6 L O S TR T
B2EZ ENID,

2.2 FEHBENREOEERN

P X b oW 1 A CHBEEROFEER B LTE
BABHED, ~A-7HHSY Ry EHL, REOFETRME
PR LT EL, SBI, =y i —0 v 78EY oBA, v—nF
D, v— A7 =—F - BREMEEERY kX oHMRMEEY
T, —BoRBHREYITh -1,

Table 4 {7 FEE o v A E—EIDNT, =, i-0vsh
Frke—F) —ve—FHE (FAFPYV=—) T=y, P ivy
ThEBSOLEYTR T, = 2§ =V ¥ 7k Photo 242777 &
SICBIBTE O & v RER 2 e e B THAG bh DD
T, HEROBESREXNRFERD Yo —FEARET S,
Fig. 4 oo — 0 VPSRN OWE LT, TGy ABRZT C8F
T3 X hEM b T &, Fig.5omd L 9 iRk
W v M E—REESN ET R, Y-AT7=—F -1 Fig. 6 0R T
Lo Ao FEn= A Tl Eh, RESHE, ¥+ 7H
M, v — MREEHHET E v — AER ERECADRE LRI CEL
BLoEYET 5,

Table 4 Effect of edge trimming methods on Charpy absorbed
energy of welded seams*!

Edge trimming Test piece Ave. absorbed gtar}dqrd
method number energy eviation
(kg -m) (kg-m)
Edge miller 30 9.7 4.66
Side trimmer 51 8.7 4.92

L APE 5L X635, 24”6 % 0.3757, test temperature —46°C, test
direciion C, specimen size 10 mm % 7.5 mm

— 29 —

{a) Edge miller (b} Side trimmer .

Photo 2 Metal-flow of trimmed edge of coil
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Fig. 4 Gas-shielded welding
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Fig. 5 Effect of gas shielded welding on Charpy impact tough-
ness of seam (API 5L X65, 249 x 0.375"¢, test direc-
tion C, specimen size 10 mm x 7.5 mm)
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Fig. 6 Automatic control system of seam annealer
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Table 5 Dimensions and chemical compositions of API 5L X80

Dimensions Chemical compositions (wt %)
Hot coil Pipe Cl S [Mn| P S | Others
267
0.574%¢
14.57mm | 2% Al, Nb,
%> 077 mm |(660-4 mmgh 0.07|0.34] 1.50(0.017 0.001 | "}
x 14.57
mmt)

Table 6 Hot rolling conditions of API

5L X80 {14.57 mm x

2077 mm}
< Reduction in austenite
CR process (Sc%g J l(:%’l)‘ (Cﬂ:g) non-recrystallization
region {%)}
New 1260 ‘ 720 | 500 79.2

Table 7 Pipe making conditions of APISL X80 (267¢x

0.574"8)
Velocity of pipe making (m/min) 16
Current of weld (A) 36.8
Voltage of weld (kV) 14.2
Upset {mm) 10.0
Forming condition (mm)
Coil width after trimming 2073
Circumference before No. 1 finpass roll 2106
Circumference after No. 1 finpass roll 2092
Circumference after No. 2 finpass roll 2 089
Circumference after No. 3 finpass roll 2090
Circumference after squeeze roll 2080

Base metal Base metal
3 = 80 ksi .. |[(Spec.: 90~120 ksi
YS(ksi) (Spec. = 80 ksi) TS (ksi) {Spec 0‘ :1 0 ksi)
n=8 n=38
90.0~91.9 i=875 £=105.3
88.0~89.9 =206 106.0~17.9 =12
86.0~—87.0 104.0~105.9
#4.0~-8L19 102.0~103.9
60 L 2 3 4 5 ¢ 1 2 3 4 3
" Frequency Frequency
Base metal Weld metal
(Spec. = 21.0%) (Spec. 1 90~120 ksi)
El(%2) TS (ksi)
33.0~34. 100.0~101.9
320~329 93.0~ 99.0
3N.0~319 n=48 96.0~ 97.9 n=§
30.0~-230.9 r =319 940~ 959 =983
o=1.0 g=17
01 2 3 4 5 01 2 3 4 5

Frequency

Frequency

Fig. 7 Tensile properties of API 5L X80 (267'¢ x 0.574£)

3.2 #a&

FEM B LU BB o 51 R M & Fig. Tiz,

Vo ¥ — R

Fig. 81071, Wihi X80 o EEE Tl L w5, &

— 30 —



N T — T ERW 5 A w34 7 APISL X80 O8LERY & SEH:

179

o——a Base metal
[PI— *» Weld seam

Shear area (%)

E
o4
&
:
=
w
!
£
2
=]
-
x
O‘,’x
.
—120 -8 —40 0 40 80

Test temperature (°C)

Fig. 8 Charpy impact toughness of APL 5L X80 (26 x

0.574'/¢, test direction C, specimen size 10 mm x 10 mm)
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Fig. 9 Drop weight tear test of API 5L X80 (26"¢ % 0.574/7¢,
test direction C)
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Photo 3 Macro-and micro-structure of API 5L X80 (26//¢ % 0.574'/¢)

Table 8 Dimensions of API 5L X80 (26"¢x0.574%¢)

Outside | Qutside | Qutof wall
diameter | diameter | round- thickness
of pipe of pipe nesg’*! 1&]3
end (in) | body (in) (%)
Test piece No. 12 6 12 12
Average 26.018 26.068 0.325 0.578
Standard deviation 0.012 0.009 0.130 0.004
. , 25.969 25.740 0.528
Specification —26.094 | —26.260 - —0.686

#1 (max. OD-min. OD) fnominal OD
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