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1 Introductien

The continuous manufacture of ERW pipe involves
bending and forming steel strip with forming rolls, then
welding the formed strip after melting the joint area by
high frequency induction heating or high frequency
conduction heating. Immediately thereafter follows a
series of processes such as cutting and removing of
beads which have been melted and discharged, non-
destructive inspection of the weld, and heat treatment of
the seam. An outline of the ERW pipe manufacturing
process is shown in Fig. 1. The weld portion imme-
diately after welding has a different heat history and

* QOriginally published in Kewasaki Steel Giho, 18(1986)2, pp.
186-191
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Synopsis:

Kawasaki Steel has developed two types of new equip-
ment to detect and trace the weld-seam of ERW on pipe,
and installed them at the 26 inch ERW pipe mill of its
Chita Works. In most ERW pipe mills, a longitudinal weld-
ed portion is submitted to the seam-annealing process and
non-destructive inspection, and thérefore, detection and
tracing of the exact weld-seam position at these processes
are indispensable. The newly developed systems can detect
and trace seam positions automatically and contribute to
good quality of welded portions. Principle and actual appli-
cation of these weld-seam detectors—one type called the
“absolute seam position detecting method” and the other
the “relative seam position detecting method —are des-
cribed in this paper.

forming circumstances than those of the base material
portion, and it also varies in metal structure. Therefore,
non-destructive flaw detection of the weld is necessary,
and the metal structure must be improved by heat treat-
ment. Particularly in recent years, ERW pipe is used in
arctic areas and high strength is required; as a result, the
searn portion must possess the same quality as the base
portion.

Precise flaw detection of the seam is applied to the
welded joint and the deformed portion of the base mate-
rial near the joint over the entire length of the steel pipe
by a ultrasonic flaw detector. This detector is capable of
discriminating the location of flaws, but, for this pur-
pose, it is necessary that the seam be traced precisely. [n
other words, the accuracy of seam tracing directly affects
the performance of the ultrasonic flaw detector.

The seam annealer is a device to selectively heat only
the weld zone from the outside surface of the steel pipe
by an induction heating system. Usually equipped with
plural heating coils arranged in the line direction, the
seam annealer repeats regional heating to give an appro-
priate heat history to the weld.

For seam detection purposes, several systems have, in
the past, been conceived as methods of determining the
characteristic nature of the seam. Several such systems
have been trial-manufactured and practically used, such
as an eddy current method for detecting the seam,
where structural differences cause electrical differences
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in characteristics, a method of detecting the effect of
deformation in the immediate vicinity of the weld by
electromagnetic ultrasonic waves based on the attenua-
tion of sound waves, and a method of detecting the por-
tion brightened by seam bead treatment. All these
methods, however, have shortcomings in accuracy or
drawbacks in equipment size and weight.

As a method of isolating the features of the seam, the
authors gave attention to the residual heat of the weld
and developed a method of detecting the position of the
seam on the basis of residual heat distribution.

2 ERW Pipe Seam Detection Method

2.1 Temperature Hysteresis of Welds

In manufacturing an ERW pipe, steel strip edges are
regionally heated and melted by high frequency induc-
tion heating or high frequency conduction heating. The
heating principle consists of the surface skin effect and
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proximity effect, and heating is accomplished by giving
the same quantity of heating to both edge surfaces of the
steel strip. Even after molten substances are discharged
by pressure jointing immediately after melting and
removed together with the swollen part of heat affected
zone, uniform heat at both strip edges is maintained; the
temperature distribution obtained is this symmetrical,
in the pipe circumferential direction, with the weld line
as a center.

A typical example of measured heat transfer condi-
tions during the period from immediately before heat-
ing to post-welding is shown in Fig. 2. In this example,
thermocouples were buried at the edge portion of the
steel strip prior to welding, and measurements were
made of temperature changes near the welded joint
during the period from the start of heating to the com-
pletion of welding. The post-welding temperature at a
location 1 mm from the welded joint rose sharply to a
peak near the completion of welding, then cooled
sharply. On the other hand, it was observed that the
post-welding temperature 3 mm from the weld began to
rise sharply around the time of pressure jointing. Fur-
ther, the temperature 12 mm from the seam rose only
slightly before pressure jointing and then rose after the
completion of pressure jointing. In such welding-related
heating, first the weld is rapidly heated, and then por-
tions in the circumferential direction of the pipe are
heated by heat transfer. It can be seen that even after a
certain time following welding, residual heat is still pre-
sent near the weld. It is characteristic of this heat distri-
bution that the temperature is highest at the weld and
drops gradually in the circumferential direction with dis-
tance from the weld. Although these measurements are
concerned with the wall-thickness near-center area, it
may reasonably presumed that outside surface tempera-
ture also displays symmetry around the weld line.

2.2 Post-welding Outside Surface Temperature
Distribution
The portion near the weld is subjected to an abrupt
heating from room temperature to 1500 to 1 600°C,
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which is near the material melting point. After heating

ends, the temperature drops suddenly. Although these

are center area measurements, the same seems appli-
cable to the outside surface temperature, but when the
ternperature of this portion was actually measured with

a radiation pyrometer, it was found that abnormal values

appeared when the following outside surface conditions

obtained:

(1) The molten metat is discharged outward and beads
are formed at both the outside and inside of the pipe.
These molten beads are cut on the inside and out-
side surfaces in such a way that arc shapes form on
the surface. The cut width is about 15 mm.

(2) The base metal portion is covered with oxides; its
emissivity is about 0.8, while that at the cut portions
is about 0.2.

This surface condition is shown in Phoeto 1. The bead-
cut portion shows a high true temperature, but its emis-
sivity is low and, further, its condition is unstable and its
temperature indicates erratic. Portions other than the
cut area, on the other hand, show a temperature distri-
bution symmetrical to the center line and gentle tempe-
rature gradients. The radiation pyrometer, in general,
detects the total radiation energy shown in Eq. (1),

where £: Total radiation energy (W/cm?)
&: Emissivity
o Stefan-Bolzmann’s constant
(6.573 x 1072 W/em? - deg"
T Temperature (K)

The total radiation energy of a substance is deter-
mined by its temperature and emissivity, and is pro-
portional, in particular, to emissivity. Therefore, the
measured value by the radiation pyrometer is affected
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not only by temperature but also by fluctuations in emis-
sivity, and when emissivity is minimal, the temperature
indicated by the radiation pyrometer is lower than the
true temperature. Therefore, a comparison of the true
temperatures of the base metal and cut-bead portion is
difficult using the apparent temperature indication
given by the radiation pyrometer. Even if the residual
heat from welding is diffused by heat transfer in a sym-
metrical temperature distribution with the seam line as
a center, the temperature indicated by the radiation
pyrometer conversely indicates a lower value at the
center of weld bead owing to the effect of emissivity.

As a means of measuring this residual heat using the
radiation pyrometer, one method equalizes emissivity
by coating the pipe surface with a black-body paint
which eliminates the effect of emissivity, but this
method involves an additional coating process and
increases operating costs, which are obvious disad-
vantages.

The authors have developed a seam detection meth-
od which is unaffected by emissivity and utilizes the
symmetric nature of residual heat.

2.3 Absolute Seam Position Detection Method

From the fact that welding residual heat shows a sym-
metrical temperature distribution with the seam line as
its center, the authors have developed a seam detector,
the operation method of which is shown in Fig. 3. In this
system, in order to avoid problems caused by erratic
temperature distribution in the center portion, the cen-
ter position of a location in a temperature distribution ob-
tained by “slicing” actual values to a temperature level
lower than the apparent indication temperature is deter-
mined; this is taken to be the seamline. The reference
heat source is also fixed securely in the scanning visual
field of the scanning pyrometer, and the absolute posi-
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Table 1 Absolute seam position detecting syst'em

Specifications

Item
Temperature range 500°C max.
Sensitivity of temp. 4°C {at 150°C)
Range of measuring position 250 mmn
Sensitivity of position 0.25 mm
Detector type HgCdTe
Scanning method Rotating mirror
Scanning cycle 1/30s
Distance of measurement 500 mm

tion of the seam location can be measured by measuring
the distance from the reference heat source.

The internal constitution of the seam detector is
shown in Fig. 4. The spol pyrometer scans an instant
visual field over the steel pipe surface by means of a ro-
tary mirror and measures the temperature pattern near
the weld linearly. The infrared detector employs an
HgCdTe element of the electronic cooling type to meas-
ure low temperatures. Details of the seam detector are
shown in Table 1.

The advantage of this system is that the seam position
can be defined as a distance from the reference position
of the heat source; this system is effective when seam
position signals are used with plurat heating coils as posi-
tion setting signals for the seam annealer, etc. This sys-
tem, however, has, as a disadvantage, its relatively large
size.

2.4 Relative Seam Position Detecting Method™*

The principle of the relative seam position detection
method is shown in Fig. 5. The method is a combination
of an infrared-ray system and visual light system. The
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infrared-ray system utilizes the symmetrical nature of
the infrared radiation distribution, excluding the bead-
cut portion; the seam position is determined by the posi-
tion where infrared energy values received by a pair of
infrared sensors become equal, as shown in the figure.
When the centers of the two infrared sensors and the
seam coincide, the infrared energy values become
equal, and the differential output of the two infrared sen-
sors is zero. If the center of the two infrared sensors
deviates from the seam, a differential output of plus or
minus value will be obtained. Therefore, if the sensor
positions are moved so that the differential output is
zero, the sensor positions and the seam position will
always be in correspondence, thereby making it possible
to trace the seamn position.

In the optical detection system, two sensors are simi-
larly incorporated. Light is reflected off the bright
portion of the bead-cut portion, and the center of the
bead-cut portion is determined from the differential
output of the reflections.

The constitution of the relative seam position detec-
tion system is shown in Fig. 6. The detector in this sys-
tem is smaller and lighter than that in the rotary mirror
system, and a seam tracing mechanism, which com-
bines this detector and a servo mechanism, can easily be
formed. In the optical detection porticn, two elements
are incorporated, and in the infrared system, two sym-
metrical elements, out of 16 elements, are used.

A chopping motor is used to extracted respective
signals as AC outputs to improve the S/N ratio. The
differential output characteristics of infrared seam
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detection are shown in Fig. 7, and the differential output
characteristics of optical seam detection are shown in
Fig. 8. Both characteristics become linear near the seam

46

Output (V1

(RS

-1 -8 -6 -4 =2

T T T

Deviation
from seam pasition

frn) 01
W

d-n2

Fig. 8 Output by optical method of relative seam posi-
tion detecting system

Table 2 Specifications of relative seam position
detecting system

[tem Specification
Temperature range 150~700°C
Sensitivity of position +0.7 mm

Response time 30 ms (909 rise time)

DC 0~ 45 V[0~ +5mm

Output signal

center. Specifications of the seam detector are shown
in Table 2.

As mentioned above, the absolute seam position
detection system can directly output the seam position
and is advantageous for use with the seam annealer, in
which a single detector is used for controlling several
seam annealing devices which functions independently.
But it is not suitable for equipment such as ultrasonic
testing equipment, which must be light in weight. On
the other hand, the relative seam position detection sys-
tem is smaller and lighter, and is advantageous when the
detector is incorporated into ultrasonic test equipment.

3 Seam Annealer Seam Tracing Control”

An example of applying the seam detector to a 26"-
mill seam annealer is shown in Fig. 9. The seam position
detector used here is the absolute seam position detec-
tion system. A schematic is shown in Fig. 10. Through
the use of a position setting mechanism which elevates
the measuring device according to pipe outer diameter,
the measurement distance between the measuring
device and the outside surface of the pipe can be set toa

KAWASAKI STEEL TECHNICAL REPORT
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constant value (500 mm). Since the pyrometer is of a
rotary scanning, this prevents changes in dimensional
resolution with regard to the measured object caused by
changes in distance. Further, because the detector ele-
vates perpendicular to the pass line, and the reference
heat source and detector are parts of a single unit, even if
the outside diameter of pipe is changed, the detector will
be situated at a constant angle at all times.

The seam annealer is compaosed of four induction
coils and is fully-automatically controlled by computer.
All functions of heat treatment for the seam at a correct
and stabilized temperature have been automated; these
include heating temperature control at heat treatment,
gap control, for setting a constant distance between the
heating coils and the pipe surface, and seam tracing con-
trol, for positioning the heating coils along the seam
line. Among these control items, it is the role of seam
tracing control to drive the four induction coils inde-
pendently until they are positioned on the seam line.
The induction coils can trace the arc locus of the pipe
surface by triaxjal driving in the threeaxes, X, ¥, and 8,
and can be positioned in an arc shape within a range of
+50 mm for all outside diameters. The computer
receives signals from the seam detector which has been
installed at the inlet side of the annealer, calculates inde-
pendently the positions of the four induction coils with
respect to the pass line, and determines the positions of
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the coils. In making various calculations from the posi-
tion of the seam with respect to the pass line, the seam
detector of the absolute seam detection system is more
advantageous.

An example of signals from the seam detector is
shown in Fig. 11, which represents a case of worse pipe-
making conditions, when the seam line is snaking
widely. Since independent positioning is possible for
the respective induction coils, a tracing accuracy of
+1.5 mm can ordinarily be obtained.

4 Seam Tracing Control for Ultrasonic Test
Equipment

The specifications of ultrasonic test equipment incor-
porating the relative seam position detecting system are
shown in Table 3.

The system constitution of the ultrasonic test equip-
ment is shown in Fig. 12. The seam detector detects the
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Table 3 Specifications of ultrasonic tesling system
mounted in 26" and 6" ERW mill

Ttem Specification
Pipe size ‘
QOutside dia. 267 .4~660.4 mm 60.3~168.3 mm

3.96~ 22.0mm
+20°

60 m/min max

1.2~ 11.5mm
+20°

‘ 65 m/min max

Thickness
Seam twist of pipe

Pipe speed

Inspection area +10~15mm (Seam area)

Trace speed 6°fs

Trace angle +20°
Tolerance +1.5mm

Sector gear

Servo |1 Servo
motorf! system

| Mgy

Seam
detectar |

Micro
computer

Pipe

Fig. 12 Relative seam position tracer mounted on
ultrasonic {esting equipment

deviation of the sensor head center from the seam posi-
tion, and impresses a voltage that corresponds to the
deviation, as a signal concerning position, to the servo-
amplifier. This amplifier is directly coupled to the tacho-
meter generator, and impresses the signal concerning
rotational speed to the servo-amplifier, thereby forming
a servo-loop and causing the sensor head to trace the
seam position smoothly. The probe of the ultrasonic test
equipment is housed in a probe retention mechanism
and installed so that the probe retention mechanism
center will be aligned with the sensor center, thus allow-
ing the probe also to trace the seam correctly.

4.1 Seam Tracing Performance

The following shows the overall seam tracing per-
formance when the seam position detector is mounted
on the automatic ultrasonic tester and the probe reten-
tion mechanism is tracinge the seam. In this case, a
mark which corresponds to the position of the probe
retention mechanism is affixed to the surface of pipe
being carried by transportation facilities. The distance
between the mark and the seam is actually measured at

48

E

E 3k (a)

5 2r

E é'ooooo o Seam center

w —iF e ) oo“'oooc IS

E 5[ [} 00

= —3F

= Error

% %: (b X=—036mm
g i PN /-/\ar 0.77 mm
s 0

= ik N

- 7;-' /\-/ \

T -3k

2

= 1 1 1 1 L n

é 0 5 10 15 20 25

Position from end of pipe (200D} (m)

Fig. 13 Test data of relative seam position tracer
mounted on ultrasonic testing equipment

a downstream stage. This measured result is taken to
be the overall seam tracing performance of the seam
detector.

4.1.1 Automatic tracing test data

An example of measuring the overall performance
of the seam position detector at the time of manufactur-
ing an ERW pipe of 20" outside diameter at the ERW
pipe of 26” manufacturing line is shown in Fig. 13. In
this figure, (a) shows the fluctuation of seam position
with respect to the center of the probe retention
mechanism. The abscissa corresponds to the lengthwise
direction of the ERW pipe. Figure 13 (b) shows the
movement of the probe retention mechanism at this
time. Figure 13 clearly indicates that fluctuation of seam
position with respect to the center of the probe retention
mechanism is converging on the vicinity of zero. The
fluctuation width is within +1.5 mm, even considering
allowance made for measurement errors. The degree of
movement of the probe retention mechanism at this
time is about £2 mm from Fig. 13 (b).

4.1.2 Effect of automatic tracing conirol

A summary of the results of automatic tracing tests
conducted using various diameters is shown in Fig. 14.
The test results for pipe having an outside diameter of
16" or above were obtained by ultrasonic testing equip-
ment on the 26" mill, and those for pipe having an out-
side diameter of less than 16", by mounting the type of
ultrasonic testing equipment on the 6" mill. The ordi-
nate in the figure shows the fluctuation ranges for vari-
ous sizes, denoted by +o. When no automatic tracing
controi is effected, tracing accuracy fluctuates widely,
but with automatic tracing control, the fluctuation
range is significantly reduced. In the figure, further, the
permissible range of +1.5 mm, determined from flaw
detection conditions, is shown by dotted lines.
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5 Conclusions

For ERW pipe manufacturing facilities, the authors
have developed and practically applied a seam position
detector, utilizing the residual heat of welding and
employing either an absolute seam position detection
systerm or relative seam position detection system. To
fully utilize the features of the respective systems, the
absolute seam position detector is incorporated into the
fully-automatic system of the seam annealer. In the
automatic ultrasonic tester, the lightweight relative
seam position detection system is used in combination
with a servo system, thereby realizing seam tracing.

No. 16 June 1987

With the seam annealer, an accuracy of +1.5 mm is
ordinarily obtained, thereby contributing to the reliable
low-temperature toughness of the steel pipe manufac-
tured. With the ultrasonic testing equipment, a tracing
accuracy of 1.5 mm is obtained, thereby guaranteeing
the overall performance of the unit.

Welding residual heat temperatures in steel industry
processes are comparatively low, and lie in a region
where measurement is difficult. However, by using a
non-contact temperature measurement technique and
an analysis technique for the special features of welding
residual heat patterns, it has been possible to develop a
practical seam position detector. In the future, when
delicate fluctuations in the process are to be detected,
the pattern temperature measuring technique discussed
here will be actively used.

The seam position detector for ultrasonic testing
equipment was jointly developed with Mitsubishi
Electric Corp., and sincere appreciation is hereby
extended to the staff of Mitsubishi Electric Corp. for
their kind assistance and valuable advice in the course of
the present development project.
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