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Manufacturing of New 26-inch ERW High-Test Line Pipe
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Synopsis:

A new cage forming type ERW mill installed at Chita Works, Kawasaki Steel Corporation, is cne of the

largest of its kind in the world, capable of producing high quality steel pipe up to 26'* (660.4 mm) in outside

diameter and 0.63" (16.0 mm) in wall thickness.

ing

(1}

(2)
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(4)

Factors contributing to the improvement in quality of the new mill pipe have been examined and the follow-
results obtained.
The application of vertical-bending type caster with improved shielding is effective in decreasing the weld
defects,
Cantrolled rolling of hot strip mill and pipe-making technique by cage forming have made it possibie to
produce high quality steel pipe with large outside diameter and thin wall thickness.
Welding heat input contro], full automatic seam annealing control and full body ultrasonic testing have
contributed to the production of ERW pipe with higher quality and reliability.
Supplementary mechanical properties such as yield strength drop due to Bauschinger effect, yield and burst

strength by internal pressure, and tensile strength at lower temperatures have been quantitatively deter-

mined,
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Table 1 API requirements for heat analysis (Twenty-second Editien) {wt %)
| MaV P S Nb v Ti Check
Grade N .
max. max, max. max. min. min. frequency
X42 0.28 | 1.25 0.04 | 005 - — -
X46, X52 030 | 135 | 004 | 005 - -~ — | It required
X567, X60° | 0.26 | 1.35 | 0.04 | 0.05 |0.005" ] 0.02% | 0.03° . chq}:“;’ ’
X659 026 | 140 | 0.04 | 005 |0.005°] 0.02% | — ach he
X702 0.23% | 1.60® | 0.04 | 0.05 - — -

1} For grades X65 and below, for each reduction of 0.01 per cent below the specified
maximum carben content, an increase of 0.05 per cent manganese above the specified
maximum is permissible, up to a maximum of 1.45 per cent.

2) Other chemical analyses may be furnished by agreement between purchaser and

manufacturer.

3) Either Nb, V, Ti or a combination thereof, shall be used at the discretion of the

manufacturer.

4) For grades X635 shown in size 16in and larger with wall thickness 0.500in and less,
the chemical composition shall be as shown on as agreed upon between the purchaser
and manufacturer. For other sizes and wall thickness the chemical composition shall be
as agreed upon between the purchaser and manufacturer.

5} Either Nb or V or a combination of both shall be used at the discretion of the

manufacturer.

6} For each reduction of 0.01 per cent below the specified maximum is permissible.
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Table 2 Tensile requirements

(Twenty-second Edition, API)

: : Elongation | Weld-tensile
Grade Yle(ldSis);tI;;_e:gth Ten?slsei) ﬁ{nength (GL=2"%| strength¥ Test frequency
P ' ' min, (psi) min.
X42 42 000 60 000 60 000 For pipe 4-1/2in O.D. and
X46 46 000 63 000 63 000 smaller ;
X52 52 000 66 000 See foot | 66 000" f;:gﬁ? o?ii’sl"‘ o 450
72 0007 note™ 72 000%
For pipe 65/8in O.D.
X56 56 000 71 000" 71000V * | through 12-3/4in O.D.
75 0002 75 0002 ; One per each lot of
X60 60 000 75 000 75 000 200 lengths or less
X65 65 000 77 0001 77 00OV l;'or pipe 14in O.D. and
2) arger;
80 000 80 006 one per each lot of
X70 70 000 82 000 82 000 100 lengths or less

1} For pipe less than 20in O.D. with any wall thickness, and for pipe 20in O.D. and larger
with wall thickness grater than 0.375in

2) For pipe 20in 0.D.and larger with wall thickness 0.375in and less.

3) The minimum elongation in 2 inches shall be determined by the following formula:

e=623 000

ADZ

UU.‘J

where ; e =minimum elongation in 2 inches in per cent

rounded to nearest 1.2 per cent.

A=cross sectional area of the tensile test
specimen in square in the based on specified
outside diameter or nominal specimen width and
specified wall thickness, rounded to the nearest
0.01 sq.in or (.75 sq.in whichever is smaller.

U/=specified tensile strength, psi

4) For pipe 8%in 0.D. and larger with any wall thickness.

Table 3 Charpy impact testing!’ and chop weight tear testing!

{Twenty-second Edition, API}

Test item

Method

Test

Test frequenc
temperature q ¥

Requirement

Charpy V-noteh
test
{two-thirds size)

According to
ASTM A 370

32°F or 50°F | Three transverse
specimens per

each heat

Average shear value
;min. 35%
All heat average shear
value ; min. 5025

DWTT

According to
APIRP5L3

32°F or 50°F| Two transverse
specimens per

each heat

At least 80 per cent of
the heats shall exhihit

a fracture appearance
shear area of 40 per cent
or more.

1) For welded pipe 20in O.D. and larger, grade X52 and higher, if required
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Table 4 Tolerances on dimensions and weights, workmanship (Twenty-second Edition, API)

ltem

Requirements

Tolerances on
dimensions

Ouiside diameter

Pipe Body

Pipe Ends for a
distance of 4 in
from the end of the pipe

Less than 20in
Larger than 20in
10—3/4in and smaller
12—3/4in to 20in

20in and larger

+0.75%
+1.00%
+1/16in, —1/64in
+3/32in, —1/32in
+3/32in, —1/32in

Out of roundness

Pipe Ends

Larger than 20in

+1%

Wall thickness

18in 0.D. and smaller
20in 0.D. and larger

+15.0%, —12.5%
+19.5%, —8.0%

Tolerances on

Single lengths

Regular weight series

+10.0%, —3.5%

weights Special light weight +10.0%, —5.0%
series
Carload lots —1.75%
A carload is consider to be a minimum of 40 Q00 |
Workmanship Dents Depth : Max. 1.4in
Length : Max. 1.2X(Q.D.
Offset of plate Max._ 0.060 in
edges
Height of inside Max. 0.060 in
weld bead
Trim of inside Wall thickness §.151in to 0.301in Depth of trim max. 0.015in
weld bead 0.301in and larger max. 0.05 ¢
Defects Laminations at bevel face ! max. 1.4in {transverse dimension)
S BT, ATTWENS 71> b £EAFIIL S
18k Nuoteh position | Weld seam

Impact value (E,(kg-m/em®
=

Test specimen !

16 Test temperature © 0°C
14 o\\

10%5

(3)

HFL, TONBIZHLET DS 2Ry P EENE
LR &Y, TAESEMIE S R L T

Phe,

HEIERL - & 2 8P | A8

APIELX X60)
RH degassed

—

Fig. 1

0.001 0.002 0.063 0.004 £.005 0.006 0.007
5 rontents{%,)
Sample * API 5L.X X60 : 660.4mm@ x §.35mmt

Effect of S-contents on impact values
of weld position

Number of sulfer
spats per 100cm?

Fig.

WL S AL T4 2 5250, FIER AR g
TS HA Z Ehthe b, 272 Fig, 2 2B

L=1

N
Surface of
outer radius

. .
Surface of Center

inner radius

Through-thickness distribution of
suffur spots in the sulfur print of
slab section continuously cast with
inert gas sealing between ladle and
tundish
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Table 5 Main equipment and their specifications
of cage ferming type ERW mill

Forming Full-cage roll forming type
Break down ! 4std. DC I50kW X1,
45kW x 3
Fin pass . 3std. DC185kW X 3
Welder Thermatool VT-600 400kHz
Seam annealer 400kW x4 1000Hz
Sizing Sizer D 4std. DC185kW X 3

Finishing equipment | Pipe-end cut-off machine X2,

Pipe middle cut-off machine X 1,
Facer x 2

Anti-rust coating machine X 1,

Inspection equipment | Skelp-edge UST, Flattening
tester

Hydrostatic tester, Seam UST,
Full bady UST

Weighing machine, Marking
machine

Wall thickness [ (im) 0.1 0.2 0.3

Oueside diameter \|mm 2 3 4 5 6 7

{in} 26{{mm) [660.4

M1 gop

22 558.8

201 500_-508.0

77000

Ne\\ 26 in FRW

18 F457.2

1 4pg4064 /
141 1355.6 /
125 L318.5
3001 /)
10.51 L 267.4

200+
6.5 rl6s5.2

Existing 20 in ERW mill

Fig. 3 Available size range
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Fig. 4 Manufacturing and inspection processes of the line pipe

Inside cage roll

Break down roll

Outside cage roll

Fig. 53 Full cage roll forming
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Fig. 6 Schematic diagram of heat input control for welding
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Fig. 9 Chemical composition (Ladle analyses)
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Tahle 6 Burst test results

Burst test results Strap tensile properties

Grade Size Pressure at| Stress at Burst vs. T.5. ElL
rupture rupture e 2 2 )

{ke/mm?) (kg/mm?) position | {kg/mm?)[(kg/mm?)| (%)

X 60 | 26" x0.250" X 6m 124 64.5 Base metal 49.8 64.1 31.0

X 65 | 16"X0.562" X 6m 431 61.4 Base metal 51.3 60.4 35.1

Stress at rupture = P- D/200¢t
P = Pressure at rupture
D = Qutside diameier
t = Wall thickness

AY.5. (kg mmb
(=] E-3 (3% = (%] £

1.0 1.5 2.0 2.5 3.0
1D (%)

Fig. 20 Relation between Y.S. and ¢/D for
Photo. 6 Appearance of the pipe after burst test X60~65 grade pipes
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Yield strength by ring expansien test (kg mm?)

Fig. 21 Relation between yield strengths
Fig. 19 Relation between 4Y.S. and Y.S. of by ring expansion test and
coil materials in transverse direction tension test

Table 7 Chemical composition of hot-rolled sheet tested

Pipe Chemical composition (wt %5)

grade| o | g | Mg | P | S | Al | Nb| V

Pipe size

24" ¢Xx15.88mmt | X 42 | 0.21 | 0.16 | 0.81 | 0.017 | 0.011 | 0.020
20"¢X14.27Tmmt | X60 | 0.18 | 0.20 | 1.29 | 0.020 | 0.009 | 0.003 i 0.041 | 0.026
247X 6.35mmt | X 60 [ 0.17 | 0.18 | 117 | 0.016 | 0.004 | 0.025 | 0.039 | 0.01¢
24" %127 mmt | X65 | 0.08 | 0.21 | 1.33 | 0.016 | 0.002 | 0.027 | 0.038 | 0.031
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