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To meet an ever-increasing demand for higher-grade small diameter electric-resistance
weld (ERW) tubes, such as oil country tubular goods (OCTG), mechanical tubing and
boiler tubes, remarkable technical developments have been achieved in the manufacture of
these products. This report deals with some of the achievements made in this field by

Kawasaki Steel Corporation.

1 Introduction

Remarkable progress in techniques of manufactur-
ing small diameter ERW tubes in recent years has
considerably increased the weld integrity of the tubes.
As the result, small diameter ERW tubes are now
widely used as high-grade tubular products with
larger value added. In particular, high strength tubing
and low alloy tubing, which used to be manufactured
only in the form of seamless tubes, are now coming
in the form of ERW tubes. This trend is particularly
conspicuous in the manufacture of OCTG and
mechanical tubes.

ERW casing for OCTG was initially used as surface
casing and conductor casing in less severe oil-drilling
environment where seamless tubes of more than
16”¢ were not available. Recently, however, some
advantages of ERW tubes over seamless tubes, such
as higher dimensional accuracy and lower manu-
facturing cost, all made possible by recent advanced
welding technology, have been recognized by users.
ERW tubes equivalent to API grades, J-55, N-80 and
C-95 are now being manufactured. Kawasaki Steel
Corporation is also capable of producing ERW tubes
equivalent to API grades,, N-80 L-80, and high-
collapse grades up to C-95.

On the other hand, the development of the inert
gas sealed welding method has made possible the
manufacture of low alloy ERW tubes for use as
mechanical tubing.

The manufacture of high-grade small diameter
ERW tubes entails the supply of high quality starting

* QOriginally published in Kawasaki Steel Giho, 13 (1981) 1,
pp. 93-105, and rearranged with some modifications,
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*** Research Laboratories
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material, advanced pipe-making techniques and a
thorough-going quality assurance system. This report
deals with the following major techniques developed
to manufacture high-grade small diameter tubes;

1) Automatic heat control technique
2} ERW OCTG manufacturing technique
3) Low alloy steel pipe manufacturing technique

2 Recent Products Mix

The grade elevation of ERW pipes is reflected in
Kawasaki Steel’s recent orders received, as shown in
Fig. 1: the percentage of OCTG. in the 6 mill and
those of mechanical tubings and boiler tubings in the
2 mill are increasing, and since 1978, high C and
high Mn materials represented by KO-70, SAE 1 041
as well as low alloy tubings represented by SCM 415
have been manufactured. Table 1 shows main specifi-
cation of 67 and 2’ mills of Kawasaki Steel.

3 Automatic Heat Input Control

While the welding heat input in pipe making should
be adjusted appropriately according to the longitudinal
variation of sheet coil thickness, the change of speed
and variation of the shape of sheet coil in pipe form-
ing, process it has become difficult to secure stabler
quality of weld seam portions through heat input
adjustment by the conventional method of the
operator’s visual judgement, and thus, the develop-
ment of automatic heat input control techniques is
inevitable!’,

3.1 Outline

The outline of heat input control system is shown in
Fig. 2. The heat input 4E applied according to the
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Fig. 1 Recent change in class by the use of smalldiameter ERW pipes

Table 1 Specifications of 2*” and 6 mill

2" mill 6" mill
Production status
Available size range
Qutside diameter {mm) 21.3-63.5 50.8 - 168.3
Wall thickness (mm) 1-7 2-11
Length (m) 35-14 4-14
Qutput capacity (t/month) 3000 10000
Maximum mill speed (m/min} 70 60
Eguipment
Feorming section
Breakdown section
Number of stands H6+V5H H5+V5
Motor power (kW) DCY0 X1 DCo0x1
DC60X1
Fin pass section
Number of stands H4 H4
Motor power (kW) DC110X1 DC60X 4
Welding section
Type Induction Induction
Power (kW) 500 450
Frequency (kHz) 250 200
Seam annealer
Power (kW) — 1050
Frequency {kHz) — 1
Sizing section
Number of stands H4+V4 H54+V4
Motor power {kW) DC150x1 DC60x5
Flying cut-off Disc type Disc type
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Fig. 2 Automatic heat input control system in 2”’ERW mill

longitudinal variation of sheet coil thickness and the
change of speed, etc. is calculated by the following
equation:

Generally speaking, the relationship between heat
input and variation factors is represented by eq. (1)

E=Fk*s®p 0P -« .ol

Here, if initial set values ¢, v,, p, and 8, are minutely
changed as

ta— ty 4 A,
P Ps - 4P,

v, — v, + Av
6,— 0, + 48

then

E, + 4E = k(t, + 4" +(v, + dv)®
X (py + 4p)°-(8, + 46)*

Therefore,

]
(242
(14
and JE can be represented by eq. (2):
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Then, the heat input operation that had been
performed by the operator’s visual judgement was
automated by means of the control system, as shown
in Fig. 2, with eq. (2) as a basic function.

3.2 Heat Input Control

For obtaining sufficient welding quality, proper
welding pressure and welding temperature are
necessary, Since welding pressure cannot directly be
measured, it has been controlled by the value of the
upset amount obtained by measuring the difference
between the circumferential lengths before and after
a squeeze roll with a tape measure, However, since
the measuring environment is unfavorable and more-
over the value of upset amount is small, measurement
errors are likely to occur, causing disparity in the
quality.
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Now, since there is a correlation between the upset
amount and forging load of the squeeze roll, as shown
in Fig. 3, it is clear that the latter can be used as the
initial set value of welding pressure with sufficient
effect.

As for welding temperature, it is possible to control
the disparity of welding temperature precisely within
1/, of that in the case of the operator’s visual control
method?, as shown in Fig. 4.

The employment of the automatic heat control
system has further stabilized weld quality, facilitated
the production of high-grade materials with the
improvement of forming techniques, internal bead
cutting techniques, etc., and further increased the
percentage of production of high-grade types such as
OCTG, mechanical tubings, boiler tubings, etc.

4 Techniques of Manufacturing OCTG

OCTG is manufactured on the basis of the API
standard. The grades in which the use of ERW is
approved according to the API standard are shown
in Table 2.

Kawasaki Steel is capable of manufacturing every
grade in Table 2 and is manufacturing H-40, J-55 and
K-55 classes in as-rolled or in normalized heat
treatment and N-80, L-80 and KO-95T in quenched
and tempered heat treatment,
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Mannal control Automatic control
Size : 48.6¢ X511 (STPG 38)
Welding speed : 50 m/min
Fig. 4 Comparison of welding conditions between manual and automatic control
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Table 2 API specifications

Chemical compositian (%4} Heat Yield strength ;{::::l; Elangation Flattening tests
Grade {Type ¢ sl n P s i | o | cel i treat ment Min. Max. Min. . D ¢ | Max. distance Hardness
b : : kef mm? (psi) Ikt mm”ipsi) kgt mmtpsii|  ° ratio | between glates
. , ) . 6= 050
_ — — —_ —_ < — — . - i { 1 . —
H-40 <0.040| =0.060, 28.1:44 006, |56.2¢ 8C 000} 42.2( 60 000 16> | Diog3-0.02060 0
. . i o con s 16 065D
a3l — | = | = (<ol S JPUR N i ; —~
W J-35 <0.0401 0,060 38.71530007 56.20 750000(52.7( 73 000) See N 103-16| DI0.88-0.020 8D 1)
K-35 —1 — | — | — " " — | — — 387055 000} 4 66.8( 950001 fout note” 393> | D11.104-0.051 8D 1)
S R e | _ 1 _ | _ [Tubing shall be|. : , I . N
N80 =0.040) £0.060 heat treated 36.2080¢:000) [77.30 110 000; {70.31100 000: 9-25 | DILOT4-0.0194D ¢
. HeC=
L-80) — | =040 |£0.35 |<1.80 |<0040200600 — | — (=035 [=025 qr 56.2(80 000) |66.8( 95 000){66.8( 95 000 5 9-25 | DILOT4-0.019 4D 1) Hn 052::
3AC € s
. t note'
C-95 — |=0.45 [20.35 1<190 (004000060 — [ — | — | — QT £6.8195 000 |77.31 110 000 |73.8¢105 000) foot mte 9-25 | BILOS0-0.0478D 11| —

(1) The minimum elongation in 2 in, (50.80 mm) shall be that determined by the following formula :

AO.E
e =625 OOOW

where :

¢ =Minimum elongationin 2 inches (50.80 mm) in percent rounded to nearest 4 percent

A =Cross sectional area of the tensile test specimen in square inches, based on specified cutside diameter or
nominal specimen width and specified wall thickness, rounded to the nearest 0.01 sq.in., or 0.75 sq. in.,

whichever is smaller
U/ =Specified tensile strength, psi

4.1 Techniques of Manufacturing Quenched and
Tempered OCTG

As for the high-tension steel pipe of N-80 class,
since the quality of weld seam portions nearly equal
to that of the parent metal is required according to
application environment, sheet material component
and heat treatment conditions should be determined in
consideration of the maintenance of sufficient harden-
ability and the homogenization of finished pipe.
Quenched and tempered heat treatment by our own
unique induction heating method, utilizing the
uniformity of wall thickness which is one of the merits
of ERW, is carried out in order to accomplish homoge-

nization including weld seam portions. Fig. 5 shows
an example of heat treatment conditions. Figs. 6
and 7 show the quality characteristics of N-80 and
L-80, and Figs. 8 and 9 show the hardness distribution
of N-80 and L-80. L-80 above ali is the grade in which
the permissible strength range is narrow, the upper
limit restriction of hardness is provided and severe
quality control is required, though, as shown in Figs.
7 and 9, its strength characteristics are so stable that
the disparity of strength is approximately 8 kgf/mm?,
its hardness distribution is uniform both in weld seam
portions and in the parent metal portion, and also
from micro scopic structure homogenization has been
accomplished, as shown in Phote, 13~

Pipe size I 514 4% 0.304":

Yiled strength

API Spec.  API Spec. API Spec.
Min. 56.2 Max. 77.3 Min. 70.3
! n=50

. | z=61.8 20F

g 20 0=1.750

=

- H

210t 10

-

Tensile strength

Elongation

API Spee.

Min. 15.5 ‘T
n=50 n=>50
z=74.5 20r r=24.4
a=1.219 o=0.,964

0 56 58 60 62 64 66(kgf/mm?) 0 70 72 74 76 78 (kgf/mm?) 0

1 .
22 24 26 28 30 (%)

85 90 95 (ksi) 109

105 110 (kei)

Fig. 6 Frequency distribution of tensile properties of API 5A N-80
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Fig. 9 Hardness distribution of API 5AC L-80 across weld

4.1.1 Weld quality

The API standard stipulates that the flattening
test should be performed as one of the methods for
evaluating the strength of weld seam portions. In the
case of high strength steel pipes such as those of N-80
class, the sensitivity for crack is high, and the test
results remarkably depend on the quality and shapes
of weld seam portions.

Figs. 10 and 11 show the effect of upset amount and
50° flattening test results respectively on the fiber
structure’s angle in weld seam zone.

From this results, the fiber structure’s angle is
conirolled approximately 60° in our operation,

90

4.1.2 Collapse strength

One of the factors which affect the collapse
strength value is the dimensional accuracy of pipes,
namely the degree of out-of-roundness and eccen-
tricity; in the case of the quenched and tempered pipes
of 14 < Dft << 20 and 55 kgf/mm? < &, 100 kgf/mm?,
it is said that deterioration is 450 psi per degree of
out-of-roundness of 19 and 22 psi per eccentricity of
1%,

Since ERW pipe is manufactured by cold rolled
forming the hot rolled sheet whose thickness disparity
is small, its dimensional accuracy is excellent, com-
pared with that of seamless steel pipes. An example of

KAWASAKI STEEL TECHNICAL REPORT
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Fig. 11 Relation between 90° flattening value and

angle of fiber structure

the results of the investigation as to the degree of out-
of-roundness which has remarkable influence upon the
value of collapse strength is shown in Fig. 12, where
this value is as good as nearly 0.2%. In addition, an
example of the value of collapse strength of N-80 is
shown in Fig. 13, where the value is 1.2-1.3 times
higher than the lower limit guarantec value of the
API standard.

5 Techniques of Manufacturing Low Cr Alloy
Steel Pipe

The Cr steel has excellent effects in wear resistance
and corrosion resistance, and in addition, the ERW

No. 4 December 1981
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Fig. 13 Relation between collapse strength and D/r of
WN-80 casing

pipe such as alloy steel boiler and heat exchanger
tubes STBA22 has recently been standardized by JIS,
s0 it is expected that the production of low Cr alloy
pipes will increase in the future for the main uses of
mechanical tubings, boiler tubings, etc.”

However, if low Cr alloy steel is welded in the air
atmosphere, penetrator defects is likely to occur since
the Cr-oxide of high melting point will be produced;
this is a great hindrance to the manufacture of low
Cr alloy ERW pipe!¥. In order to establish the
manufacturing techniques, therefore, chemical com-
position of raw material and welding techniques have
been examined.
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Table 3 Chemical compositions of penetrator in Cr bearing low alloy ERW steel pipes

Size Sample Chemical composition of pipes(wt%3) Mo/Si Chemical composition of penetrator (wt%3} MA0/Si0s R
- n/Si n i0z |Remark
(mm} | No. "c [ g {Ma| P| S| Al|Ce| Mo FeO | MaO | $i02 |AL:0] Cr204 :
1 0.11 [ 0.38 | 0.87 {0.024{6.611] — [ 0.50 — | 2.28 | 2.10|41.33|53.60| 0.16| 1.96 0.77
216.34X10.7¢ 2 " " 4 " 4 — " it " 196425315266 | 0.12| 1.58 0.81 0.5%Cr
3 " " # w " - o - " 2.50 | 41.83|53.00| 0.10| 1.25 0.79
1 0.12 | 0.12 | 0.39 |0.010(0.009|0.004| 0.46 | 0.04 | 3.17 | 33.75|17.93| 9.62| 2.10| 33.73 1.86
76.3¢X5.2t 2 " " # " 4 " " " # | 27.40]25.26 | 16.63 | 1.53 | 27.41 1.52 0.5%Cr
3 O N A N 2 B 2 R » 137.54|20.37|1260| 1.08}26.18| 1.62
1 0.10 ] 0.19 ) 0.49 |0.010(0.004]0.026) 0.49 | 0.10 | 2.58 | 21.40 | 28.18 | 40.88 | 5.73| 2.22 0.69
508.09X7.9¢ 2 " " " ” " " # # " 22.80| 2545 33.20 | 3.54113.33 0.77 0.5%Cr
3 4 4 o # " " " " # 17.10; 31.81 | 42.18 | 4.13| 3.50 0.75
1 0.08 ] 0.12 | 0.48 |0.009]0.007{0.019; 1.00 | 0.03 | 4.00 | 41.10{17.21] 11.38 | 1.59| 26.89 1.50
76.30X5.2¢ 2 ,, ” # " 4 4 4 " 4 4783 (1222 760 6.13| 24.14 1.61 1.0%Cr
3 4 " # " 4 " " " " 50.43 | 10.96 | 3.85( 2.55|30.86 2.85
1 0.09 | 0.11 | 0.55 [0.009]|0.0070.033| 1.52 | 0.01 | 5.00 ;42.90|17.66| 8.88, 2.10]|25.76 1.99
76.36X5.2¢ 2 ” " " # " " " " ¥ 43.81 (1533 | 539 l.41(31.87 2.84 1.5%Cr
3 " a 4 " " # * 4 " 39.90 | 13.56 ] 7.40( 7.40(34.77 1.83
1 0.10 | 0.28 | 0.55 |0.013{0.005(0.023| 1.49 | 0.10 | 1.26 ; 19.44 | 20.00 | 29.20 | 1.92 | 28.88 0.68
508.04X7.9¢ 2 " o # 2 # » " 4 " 12.27 1 32.15 | 40.55 | 2.36 ] 11.60 0.79 1.5%Cr
3 " " " # " " " 2 * 26.48112.50(19.33| 1.47]3%.16 0.65
5.1 Penetrator Occurrence in Cr Steel Welding
The cl}emlcal coml?osmons of th.e penetrators 16001 Cri0, : 30%
observed in the Cr bearing ERW steel pipes are shown 1 1 /
in Table 3. .
They are the oxide in the FeO-MnO-§i0,-Cr,0O, 1500 T ey
system, S Y S
The possibility of squeezé-out of oxide produced in %
possibility of sq : P ¥ 1400 Cry0s 1 20%
the welding depends on the melting temperature and 3 E
. « - - . o ~
viscosity of the oxide and also on the interfacial  §
tension between oxide and metal, etc.. E 1300- j 3
That is, the lower the melting temperature, the © ~3
smaller the oxide, so that it is more likely to be 1 200k Cry05 : 10%
dispersed and less likely to remain on the welding
surface, and if it should remain, it is less likely to be a
large defect®. 11005 n P 3
Thus, it is desirable to lower the melting point of Ma0/Si0,
the penetrator (oxide in the FeO-MnO-8i0,-Cr,0O ) .
P ( Pl Fig, 14 Effect of MnO/Si0O, on the melting tempera-

system) as far as possible, but as the quaternary phase
diagram of FeO-MnO-Si0,-Cr,0, wasnot established,
the melting points of these synthetic oxides were
experimentally measured. The results of the measure-
ment are shown in Table 4.

The relationship between the melting points in the
quaternary phase diagram of oxides when FeO is 207,

92

ture of FeQ-MnO-$i0,-Cr,0; oxides

and MnO/SiO, is shown in Fig. 14. Generally, the
melting points decreases as MnO/SiO, increases, but
it is clear that as the content of Cr, O, increases to 109,
209% and 309, the melting points rise remarkably.
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Table 4 Measured melting temperature of various

Fe0O-MnO-8i0,-Cr,0, oxides

SaN”;?]e sxgde wmpos_'monS(%) i\iﬂ;:]fature Mn0O/Si0z
eQ | MnQO|[Si02| Crz0: (%)
1 | 20| 35|35 10 | 1350-1400 1.00
2 |20 1!40 |30 10 | 13001310 1.33
3 |20} 452 | 10 | 1250-1270 1.80
4 |20 33| 2 1520 1.00
5 20 (35|25 | 20 1480 1.40
6 120 | 40 | 20 | 20 | 1450-1455 2.00
7 120 | 25] 25| 20 >1550 1.00
8 |23 2] 3 >1550 1.50
9 |20 |35 |15] 20 1470 2.33
10 | 40 {25 | 25| 10 | 1455-1490 1.00
11 | 40 {30 |20 | 10 | 1450-1455 1.50
12 | 40|35 15] 10 | 1470-152 2.33
13 | 40| 202/ 2 >1550 1.00
14 | 40|25 15] 20 >1550 167
15 | 40 30|16 20 >1550 3.00
16 | 40 15| 15[ 30 >1550 1.00
17 | 40| 20 | 10 30 >1550 2.00
18 |40 | 25| 5| 30 >1550 5.00

5.2 Influence of Chemical Composition of Sheet
Material on Penetrator

The relationship between the concentration of
Cr,0, in the penetrator and (Mn + Cr)/Si is shown
in Fig, 15. Cr,0, content increases curvedly with the
increase of (Mn + Cr)/Si, and in particular, it is
clear that Cr,0, suddenly increases when (Mn + Cr)/
Siis above 6. Thus, it can be derived that (Mn + Cr)/
Si =2 6 is necessary to control Cr,0, in the penetrator
so as to be below 10%,. The relationship between
MnO/SiQ, and Mn/Si is shown in Fig. 16. With the
increase of Mn/Si, MnO/SiQ, is inclined to increase,
gradually, That is to say, MnO and S0, in the
penetrator depend upon Mn and Si in the sheet
material, and Mn/Si of the sheet material for obtaining
the optimum MnGOy/Si0, can be estimated!?,

The phase diagram of the FeQ-MnO-8§i0, in which
Cr,0, is not contained is shown in Fig. 17. The
lowest section in Fig. 17(b), namely the minimum
liquidus temperature is represented by the thick line
in Fig. 17¢a). MnO/Si0, value in the minimum
liquidus temperature zone at various FeO percentages
and its temperature and derived from this phase
diagram, and they are shown in Fig. 18. The minimum
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Fig. 16 Effect of Mn/Si on the MnO/SiO, in penet-
rators

melting temperature and MnO/SiO, are inclined to
decrease as FeO increases. It can be expected that
when FeO is within the range of 10-20 %, the liquidus
temperature become lowest where 1.1 << MnO/SiO,
< 1.4 and if it is attempted to precipitate Cr,O,
within the component range of this lowest section,
the penetrator will easily be eliminated,
The optimum composition ranges are as follows:

(Mn + Cr)/Si < 6
2.0 < Mn/Si < 2.8

However, it is often difficult to control the com-
ponent group within these ranges, and as to the
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Fig, 17 Phase diagram of system FeO-MnO-§i0,
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Fig. 18 Relation between MnO;/Si0, and FeO percentage in the minimum liguidus-temperature range

quantity of Cr,0;, moereover, since the value of
(Mn + Cr)/Si suddenly changes in the vicinity of 6,
as shown in Fig. 15, it is necessary for stabilized
production to prevent the production of Cr,0, by
carrying out welding under the inert gas atmosphere.

3.3 Imert Gas Sealed Welding

The comparison of the qualities of weld seam
pertions in the case where the ERW tube of dimen-
sions 34 mm¢ x 3.2 mm¢ according to SCM415 is
produced by means of the inert gas sealed welding
which we have developed and in the case where it is

%4

produced in the air atmosphere is shown in Table 5.
It is clear from this table that good weld quality
without penetrator can be obtained for Cr-Mo steel
by the method of sealed welding and water intercep-
tion welding when the O, contents in the gas shielded
atmosphere is below 0.5%. The external appearance
of the practical test is shown in Photo. 2(a)(c), and
the histogram of the results of flattening and spread
tests in Fig. 19. It is clear from these that no cracks
are observed at a weld seam zone and good worka-
bility is provided.

KAWASAKI STEEL TECHNICAL REPORT




Table 5 Effect of welding atmoesphere on the weld quality

! In the non-oxidized gas In the air atmosphere

1. Fracture surface

lg';;]Illyp||]||ap|lp|r|||| illl!%l!IIlI{illIIli'lNlll‘l
70 80 .40, o 1]

Penetrators defected on surface

Ideal surface

(36 penetrators per unit length(m™)}

2. Mg inspection
(JIS A30/100)

Defect ratio (%) Defect amount Defect ratio(%) Defect amount
(Numberof defective pipes ) per unit pipe (Number of defective pipes) per unit pipe
Number of inspected pipes/| length(m™) Number of inspected pipes/| length(m™!)
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Photo. 2 Appearance of the weld toughness test
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Fig. 19 Histogram of weld toughness test results
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6 Conclusion

The recent trend toward higher grade of small
diameter ERW tubes is remarkable, while the percent-
age of high-grade tubes such as OCTG, mechanical
tubings, boiler tubings, etc. has been increasing, and
this tendency is expected to continue in the future.
Accordingly, it is necessary to promote technical
development, aimed at high efficiency and stabilized
production of these high-grade tubes.

This paper has outlined some of the techniques
developed in such technical development efforts. The
development of new forming techniques for thick wall
material as well as the development of new welding
techniques is now being positively advanced.
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