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WELDING MANAGEMENT APPARATUS

BACKGROUND OF THE INVENTION
This invention relates to a welding management
5 apparatus suitable for use with a tube production
machine.

Tube production machines have been employed to
produce a metal tube member by forming a workpiece fed
from a roll of metal strip in a tubular formation

10 having side surfaces opposite to each other, providing
. an upsetting pressure to butt the opposite side surface
’ of the workpiece.at a jointing point, and supplying a
high frequency power to the workpiece to weld the
_ opposite side surfaces at a welding point. It is the
15 conventional practice to adjust the intensity of the
welding heat generated at and near the jointing point
" by controlling the high frequency power to the
workpiece based upon various tube producing conditions
that are sensed during the operation of the tube
20  production machine. However, the welding heat intensity
T\ is dependent upon a great number of tube producing
//ﬂa conditions. It is very difficult, if not impossible, to
adjust the welding heat intensity based upon all of the .

tube producing conditions.

25 SUMMARY OF THE INVENITION

It is a main object of the invention to provide a
welding management apparatus which «can achieve
excellent welding heat control with ease.

Another object of the invention is to provide an

30  improved tube production machine which can produce
tubes having -a diameter of 8 mm or less.

There 1is provided, in accordance with the

invention, a welding management apparatus for use with
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This invention relates to a wel ding managenent 5 apparatus suitable for

use wth a tube production machi ne.

Tube production machi nes

have been enpl oyed to produce a netal tube nmenber by forming a

wor kpi ece fed
havi ng si de surfaces opposite to each other, providing an upsetting
pressure to butt the opposite side surface of the workpiece at a

j oi nting point,

to weld the

froma roll of netal strip in a tubular formation 10

and supplying a hi gh frequency power to the workpiece
opposite side surfaces at a welding point. It is the 15

conventional practj cgu},ﬁef,glbaahtggﬁ Bngi;:?‘ﬁﬁiet Y%zgﬂ/éld&h%g fi%idhg%?gﬁfor

generated at and near t

jointing poin controlling t
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a tubular formation having side surfaces opposite to
each other, second means for providing an upsetting
pressure to joint the opposite side surfaces of the
workpiece at a jointing point, and third means for
supplying a high frequency power to the workpiece to
weld the opposite side surfaces at the jointing point
so as to produce a metal tube member. The welding
management apparatus comprises a camera positioned to
have a visual field including the jointing point for
producing a video signal indicative of an image
including an area luminous with a pre-arc produced in
the visual field, an image processor for converting the
video signal into a luminance distribution pattern, and
an Inference unit for inferring a defective welding
condition based upon the luminance distribution
pattern. The Jinference unit includes means for
producing an alarm when a defective welding condition
is inferred.

In another aspect of the invention, there is
provided a welding management apparatus for use with a
tube production machine including first means for -
forming a workpiece fed from a roll of metal strip in
a tubular formation having side surfaces opposite to
each other, second means for providing an upsetting
pressure to joint the opposite side surfaces of the
workpiece at a jointing point, and third means for
supplying a high frequency power to the workpiece to
weld the opposite side surfaces at the jointing point
so as to produce a metal tube member. The welding
management apparatus comprises a camera positioned to
have a visual field including the jointing point for
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that are sensed during the operation of the tube 20 production nachine.

However, the welding heat intensity I s dependent upon a great nunber of
t ube produci ng conditions. It is very difficult, if not inpossible, to
adj ust the welding heat intensity based upon all of the. t ube produci ng
conditions. 25 SUMVARY OF THE | NVENTI ON It is a main object of
the invention to provide a wel ding nmanagenent apparatus which can
achi eve excel l ent wel di ng heat control with ease. Anot her

obj ect of the invention is to provide an 30 inproved tube production
There i s provi ded, B RLERBIdafcePufteR (Hione i eiVe JdE dn,, Theoe
management appar at ugcflodioge ani tdrea luminous with heat produced in the
visual field, a masking member placed in front of the
camera for partially masking the visual field from the
5 camera to divide the luminous area into first and
second sections corresponding to the respective side
surfaces of the workpiece, an image processor for
converting the video signal fed from the camera into a
luminance distribution pattern, and an inference unit
10 for inferring a defective welding condition based upon

- ; the luminance distribution pattern.

) In another aspect of the invention, there Iis
provided a welding management apparatus for use with a
tube production machine including first means for

is fbrﬁgng a workpiece fed from a roll of metal strip in
a tubular formation having side surfaces opposite to

each other, second means for providing an upsetting
bressure to joint the opposite side surfaces of the
workpiece at a jointing point, and third means for

20  supplying a high frequency power to the workpiece to
weld the opposite side surfaces at the jointing point

so as to produce a metal tube member. The welding
management apparatus comprises a camera positioned to -

’ have a visual field including the jointing point for
25 producing a video signal indicative of an Iimage
including an area luminous with heat produced in the

‘visual field, a masking member placed in front of the

camera, the masking member having a transparent window

having lines extending in spaced-parallel relation to

30 each other in a direction substantially normal to a
direction of movement of the workpiece for dividing the

visual field into a plurality of zones, an image

processor for converting the video signal fed from the
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a tube production machine including first means for
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camera into luminance distribution patterns
corresponding to the respective zones, and an inference
unit for inferring a defective welding condition based
upon the luminance distribution patterns.

In still another asj:ect of the invention, there is
provided a tube production machine comprising means for
forming a workpiece fed from a roll of metal strip in
a tubular formation having side surfaces opposite to
each other, and a pair of squeeze rollers for providing
an upsetting pressure to joint the opposite side
surfaces of the workpiece at a jointing point. Each of
the sgueeze rollers is a one-piece member having a
cylindrical center portion, and upper and lower
cylindrical end portions extending coaxially from the
center portion. The center portion is formed in a side
peripheral surface with an annular groove to define a
path for the workpiece along with the annular groove of
the other sgueeze roller. The tube production machine
also comprises a roller holder for bearing each of the
squeeze rollers at the end portions thereof, and means
for supplying a high frequency power to the workpiece
to weld tle opposite side surfaces at the jointing
point so as to produce a metal tube member.

BRIEF DESCRIPTION OF THE DRAWINGS

This invention will be described in greater detail
by reference to the following description taken in
connection with the accompanying drawings, in which:

Fig. 1 is a schematic block diagram showing one
embodiment of a welding management apparatus made 1in
accordance with the invention;

Fig. 2 is a fragmentary perspective view showing
the welding section included in a tube production
machine to which the invention 1s applicable;
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formng a workpiece fed froma roll of nmetal strip in a tubul ar
formati on having side surfaces opposite to each other, second neans
for providing an upsetting 5 pressure to joint the opposite side surfaces
of the wor kpi ece at a jointing point, and third nmeans for

supplying a high frequency power to the workpiece to wel d the opposite
side surfaces at the jointing point So as to produce a netal tube
menber. The wel ding 10 nanagenent apparatus conprises a canera positioned
to have a visual field including the jointing point for produci ng a
vi deo signal indicativeigf. anisnagiragmen teztyugilag siesr shovimyrousisuah a

pre-arc produced i e Vi I e ang p r Qe ting
the 15 video si gr{aklelﬁnt%Pa u%é?aeﬁ%e Jélgggr [Bb%{r?%% pgtg'([j‘g‘?ﬁ, 'a”a%{a‘d: a’ﬁg
i nference unit foepparatusngfatdef dovenéiasldi ng

Fig. 4 1is a fragmentary plan view showing a
5 welding heat condition which may appear in the visual
field of the camera;

Fig., 5 1is a diagram showing a Jluminance
distribution pattern produced in the image processor;

Fig. 6 is a diagram used in explaining the

10 operation of the image processor;

Fig. 7 is a diagram used in explaining the process
for producing an alarm;

Fig. 8 is a fragmentary perspective view showing
another type of welding section included in the tube
15 production machine to which the invention s

applicable;

Fig. 9 is a schematic block diagram showing a
second embodiment of the welding management apparatus
of the invention;

20 Fig. 10 is a fragmentary plan view showing a
visual field of a camera used in the welding management
apparatus of the invention;

Fig. 11 is a fragmentary plan view showing a .
welding heat condition which may appear in the visual

25 field of the camera;

Fig. 12 1is a diagram showing a Jluminance
distribution pattern produced in the image processor;

Fig. 13 is a diagram used in explaining the
operation of the image processor;

30 Fig. 14 1is a diagram used in explaining the
process for producing an alarm;

Fig. 15 is a schematic block diagram showing &
third embodiment of the welding management apparatus of
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condi tion based upon the | um nance distribution pattern. The inference
unit includes neans for produci ng an al arm when a defective wel di ng
condition 20 is inferred. I n anot her aspect of the invention,
there is pr-ovi ded a wel di ng managenent apparatus for use with a

t ube production machine including first neans for form ng a workpi ece
fed froma roll of nmetal strip in 25 a tubular formation having side
surfaces opposite to each other, second neans for providing an
upsetting pressure to joint the opposite side surfaces of the

wor kpi ece at a j oi hhengnpertionand third neans for suppl ying a high

the o nting point - ERR0 1 °a¥ oducESonEr e Fy LR BBV BMAREE
visual field of a camera used in the welding management
apparatus of the invention;

5 Fig. 17 is a fragmentary plan'view showing a
welding heat condition which may appear in the visual
field of the camera;

Fig. 18 1is a diagram showing a luminance
distribution pattern produced in the image processor;

10 Fig. 19 1is a diagram used in explaining the
process for producing an alarm;

Fig. 20 is a sectional view showing a specified
form of the squeeze roller arrangement;

Fig. 21 is a plan view showing the sgqueeze roller

15 arrahgement of Fig. 20;

Fig. 22 is an enlarged elevational view showing
the squeeze roller included in the sgueeze roller
arrangement of Fig. 20;

Fig. 23 is a fragmentary sectional view showing a

20 modified form of the squeeze roller arrangement;

Fig. 24 is a fragmentary plan view showing the

squeeze rollers used in the tube production machine;
. Fig. 25 is a fragmentary elevational view showing .
? the squeeze rollers used in the tube production
25 machine;
Fig. 26 is a graph of tube diameter versus sgqueeze
roller diameter;
Fig. 27 is a graph of tube diameter versus V
throat angle;
30 Fig. 28 is a perspective view showing a modified
form of the squeeze roller arrangement;
Fig. 29 is a plan view of the sgqueeze roller

arrangement of Fig. 28; and
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managenent apparatus conprises a canera positioned to have a vi sual
field including the jointing point for
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Fig. 30 is a sectional view of the squeeze roller
arrangement of Fig. 28.
DETAILED DESCRIPTION OF THE INVENTION

With reference to the drawings, and in particular
to Fig. 1, there is shown a schematic diagram of a
welding management apparatus embodying the invention.
Although the welding management apparatus will be
described in connection with a tube production machine
employing a high frequency induction welding unit, as
shown in Fig. 2, it is to be understood that the
invention is also applicable to other types of tube
production machine. The tube production machine,
generally designated by the numeral 10, employs forming
rollers arranged in a number of stages to form a
work'f:iece 1 fed from a roll of metal strip in a tubular
formation. A pair of squeeze rollers 13a and 13b are
positioned on the opposite sides of the workpiece 1 and
they provide an upsetting pressure to joint the
opposite side surfaces of the workpiece 1 at a jointing
point l1a just upstream of a point intermediate between
the squeeze rollers 13a and 13b, as best shown in Fig.
2. A heating coil 12 is positioned to surround the

workpiece 1 at a position upstream of the jointing.

point la. The heating coil 12 is supplied with a high
frequency power to produce a highly concentrated,
rapidly alternating magnetic field so as to induce an
electric potential in the workpiece 1. This electric
potential causes heating because of I?-R losses at a
welding point just downstream of the jointing point 1la
where the opposite side surfaces 1b and 1lc of the
workpiece 1 are welded, as best shown in Fig. 2. The V-
shaped gap, which is defined near the jointing point la
by the opposite side surfaces 1b and Ilc of the
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produci ng a video signal indicative of an inmge I ncl udi ng an area

| um nous with heat produced in the visual field, a masking nenber
placed in front of the canera for partially masking the visual field
fromthe 5 canera to divide the um nous area into first and second
sections corresponding to the respective side surfaces of the
wor kpi ece, an inage processor for converting the video signal fed from
the canera into a | um nance distribution pattern, and an inference unit
10 for inferring a defective welding condition based upon t he

| um nance di stri bukd:pedd &r,N.is referred Roaast kew aapoat.of the
R ARE S CE R R ST i S
frequency power source 20 through a power control
circuit 22. The welding heat under which the workpiece
5 1 is welded at the welding point la, this being
determined by the level of the power applied to the
heating coil 12, is determined from calculations
performed in a control unit 30. A camera 40 1is
positioned above the workpiece 1. The camera 40, which
10 may be of the type having an M x N array of CCD
elements, is directed to have a visual field VF
including the jointing (or welding) point la, as shown
in Fig. 3. Fig. 4 shows a welding condition which may
appear in the vidual field VF of the camera 40. In this
- 15 welding condition, the opposite side surfaces 1b and lc
are connected by melted metal 2 at a point 2a upstream
of the jointing point la. The melted metal 2 moves
violently between the points la and 2a and it cannot
cover the whole area between the points la and 2c to
20 form an aperture 3 behind the melted metal 2. An arc
(i‘eferred to as pre-arc) occurs freguently at the point
2a. This welding condition results from an excessive
welding heat. Preferably, the camera 40 Iis _fixéd .
certainly to suppress the movement of the vidual field
25 VF within 0.1 mm at maximum. Noise will be introduced
when the measuring point moves due to vibrations in the
camera 40. It is also preferable that the introduced
noise is less than 100 um.
The image (luminance level pattern) formed on the
30 CCD elements is scanned in a series of raster scan
lines and converted into a video signal S1 for
application to the image processing unit 50. It is to
be understood that the image formed on the CCD elements
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15 formng a workpiece fed froma roll of nmetal strip in a tubul ar

formati on havi ng

side surfaces opposite to each other, second neans for

provi di ng an upsetting pressure to joint the opposite side surfaces of
t he wor kpi ece at a jointing point, and third nmeans for 20 supplying a
hi gh frequency power to the workpiece to wel d the opposite side
surfaces at the jointing point Sso as to produce a netal tube nenber.

The wel di ng

managenent apparatus conprises a canera positioned to

have a visual field including the jointing point for 25 producuﬂg
video signal indhaatsyrtheticah infiegeationi gl Whieh draniails | Wed@H88 with

heat produced in
t he caner a,
| i nes extending
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e mas INng ne aV|n a trans rrent w ndow havyi ng
| FRRHEas - Far eYTlIdé-’IO réugpaén fgom the camera 40 and

digitally stores the inputted image. The stored image
A 1s represented by an M x N array of pixels. Each
pixel A(x,y) is assigned a value representation of its
intensity. The image processing unit 50 scans the
stored image A in a series of raster scan lines to
convert it into a black/white image B represented by an
array of pixels. Each pixel B(x,y) has a value of 0 or
1, B(x,y) = O represents a white pixel, while B(x,y) =
1 represents a black pixel. In order to avoid the
influence of.the vapor and other disturbances near the
jointing point ia, the image processing unit 51 may be
arrarged to differentiate the signal obtained when the
stored image A is scanned in a series of raster scan
lines and to convert the differentiated signal into the
black/white image B. The 1image processing unit 50
counts the number of white pixels of the stored image
B and produces an electric signal S5 corresponding to
the counted -white pixel number. The electric signal S5
represents the white area of the stored image B and,
thus, the intensity of the welding heat. The limage ,
processing unit 50 may be arranged to produce the

‘electric signal S5 by counting the number of white

pixels arranged to form a Jlongitudinal center line on
the stored image. Preferably, the camera 40 has such a
resolving power that the number of the pixels forming
the white area (in this case pre-—arc area) is 100 or
more.

The 1image processing unit 50 may include an
analog-to~digital converter (A/D) 52 which receives the
video signal S1 from the camera 40 and converts it into
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30 each other
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in a direction substantially normal to a di rection of

nmovenment of the workpiece for dividing the  visual field into a
plurality of zones, an inage processor for converting the video signal

fed fromthe
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digital form having 128 (0 to 127) tones. That is, the
luminance level (cd/M°) taken for each of the M x N
array of CCCD elements is <converted into the
corresponding digital signal. The digital signal S2 is
applied from the A/D converter 52 to a first image
memory (MEM) -54 which digitally stores an image of the
visual field represented by an M x N array of pixels.
Each pixel is assigned a value representative of its
intensity (darkness). The stored image is scanned in a
series of raster scan lines to convert it into a
luminance (gray histogram) pattern. Fig. 5 shows one
example of such a luminance pattern obtained for the
welding condition described in connection with Fig. 4.
The first luminous area surrounded by the circle Pl has
the “highest luminance level and it corresponds to the
pre—arc produced at the point 2a. The second luminous
area surrounded by the..circles. R1 and. P2 has a
Iuminance level less than the first -luminous area and
it corresponds to the workpiece portion surrounding the
pre-arc. In Fig. 5, the letter G indicates the center
of gravity of the first luminous area surrounded by the
circle P1. '

The image processing unit 50 also includes a
second image’ memory- (MEM) 56 which stores reference
luminance patterns. The digital computer (CPU) 58 makes
a determination as to whether or not the welding
condition is appropriate by comparing the luminance
pattern S3 transferred thereto from the first image
memory 54 with the reference image patterns 54
successively transferred thereinto from the second
image memory 56. For this purpose, the digital computer
58 may be arranged to compare the first luminous area
surrounded by the circle P1 with the corresponding area
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canmera into | um nance di stribution patterns corresponding to

the respective zones, and an inference unit for inferring a defective
wel di ng condition based upon the lum nance distribution patterns. 5
In still another aspect of the invention, there is provi ded a tube
producti on machi ne conprising neans for form ng a workpiece fed froma
roll of metal strip in a tubular formation having side surfaces
opposite to each other, and a pair of squeeze rollers for providing 10
an upsetting pressure to joint the opposite side surfaces of the

wor kpi ece at a j oi Bi agchobNt thé&acdrarfence Yuelmanme pattanns.s e £irst
one-pi ece member h?nggogs area surrounded by the circle P1 cbrresponds
to the area of the pre-arc produced at the point 2c¢ and
it corresponds to the intensity of the welding heat.
5 Alternatively, the digital computer 58 may be arranged
to compare the longitudinal length of the first
luminous area surrounded by the circle Pl with the
. corresponding length of each of the reference luminance
patterns. The longitudinal length of the first luminous
10 area surrounded by the circle Pl corresponds to the
length of the melted metal 2 and it corresponds'to the
intensity of the welding heat. The digital computer 58
produces a decision signal S5 indicative of the result
of the comparison made in the image processing unit 50.
- 15 The decision signal S5 is fed from the image processing
unit 50 to the control unit 30.
The control unit 30 includes a correction factor
calculating circuit (COR) 32, a signal converter
circuit fctdv 34 and a signal control circuit (Scc) 36.
20 The correction factor calculating circuit 32 receives
the decision signal S5 from the digital computer 58 and
a welding condition signal S9 and it calculates a
correction factor based upon the received signals S5 |
and S9. The welding condition signal S9 may a sensor
25 signal indicative of at least one of the measured
values of high frequency power, high frequency
impedance, welding rate, workpiece width, workpiece
thickness, workpliece —resistance, and the 1llike
- parameters having an influence on the welding quality.
30 The correction factor calculating circuit 32 produces
a signal S6. indicating the calculated correction
factor. The signal S6 is fed from the correction factor
calculating circuit 32 to the signal converter circuit
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cylindrical center portion, and upper and | ower cylindrical end
portions extending coaxially fromthe 15 center portion. The center

portion is forned in a side peri pheral surface with an annul ar groove

to define a path for the workpiece along with the annul ar groove of

the other squeeze roller. The tube production machine al so conprises a

roll er hol der for bearing each of the 20 squeeze rollers at the end

portions thereof, and neans for supplying a high frequency power to the
wor kpi ece to weld the opposite side surfaces at the jointing poi nt
S0 as to produce @4vatiaich Wunwertrxerit intdBRhiEFeDESERIETEOMNEE BIE DRAN NGS

rzgferenceTPl)st Lgvfeerhlt%c?v}ﬁl\#glé e“@’grlldg fg%geaggnlgkeagoergg%';]%ca 8n Wi t%t %2
acconpanyi ng dr anicigeuditn #i eteich compares it with a power setting
reference signal SO to ;mvduce a control signal S8
5 causing the power control circuit 22 to control the

high frequency power to the heating coil 12.
The welding management apparatus also includes an
inference section 60 and a monitor section 62. The
monitor section 62 includes display and alarm units 64
10 and 66 connected to the inference section 60. The
inference section 60 receives the signals S5 and S9 and
infers the welding condition. The inference section 60
may ba arranged to utilize the area, length,
circumference, inclination angle of the first luminous
“ 15 area”obtained by the digital computer 58 to infer the
welding condition. The inferred welding condition is
presented on the display unit 64. The alarm unit 66
operates to provide an audible indication when the

inferred welding condition is defective.

20 The image processing unit 50 may be arfanged to
process the inputted image so as to provide an oval
area Ao egquivalent to the first luminous area Ap

corresponding to the pre-arc, as shown in Fig. 6. The

image processing unit 50 extracts at least one of
25 characteristic features Iincluding the area of the
equivalent oval area Ao, the length a of the major axis
of the equivalent oval area Ao, the length b of the
minor axis of the equivalent oval area Ao, the angle 6
of inclination of the equivalent oval area Ao, the
30 position of the gravity center of the equivalent oval
area Ao, the length of the circumference of the
equivalent oval area Ao, etc. The area of the
equivalent oval area Ao corresponds to the magnitude of
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Fig. 1 is a schematic bl ock di agram show ng one enbodi nrent of a wel ding
managenent apparatus nade in 30 accordance with the invention;

Fig. 2 is a fragnentary perspective view show ng t he wel di ng section
i ncluded in a tube production machine to which the invention is
appl i cabl e;

the heat (welding heat) inputted to the workpiece 1.
For example, the number of the pixels forming the first
luminous area Ao was 146 when the inputted heat is at
its lower limit and was 950 when the ipput heat is at
5 its upper limit. The angle 8 of inclination of the
equivalent oval area Ao may be used to determine
whether the workpiece is formed well symmetrically. The
position of the gravity center of the egquivalent oval
area Ao corresponds to the angle of the V throat
10 defined by the qppésité side surfaces 1b and l1c of the
P workpiece 1. <These characteristic features are
presented on the display unit 64. The inference section
60 receives the extracted characteristic feature from
the image processing unit 50 and compares the received
~ 15 chardcteristic feature with upper and lower limits. If
the received characteristic feature is out of the range
defined by the upper and lower limits, the inference
section 60 produces a command causing the alarm unit 66

to produce an audible indication.

20 It is now assumed that the characteristic feature
is the position of the gravity center of the equivalent
oval area Ao. The inference section 60 compares this
characteristic feature hysteretically with a higher

value L2 (100 pixels) of the lower limit when the
25 characteristic feature is increasing and with a lower

value L1 (80 pixels) of the Jower limit when the
characteristic feature is decreasing, as shown in Fig.

7. Similarly, the inference section 60 compares the
characteristic feature hysteretically with a higher

30 value L4 (400 pixels) when the characteristic feature

is increasing and with a lower value L3 (350 pixels)

when the characteristic feature is decreasing. No alarm

is produced from the alarm unit 66 as long as the
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5 Fig. 3 is a fragnentary plan view showi ng a visua

field of a canera
i nventi on;
wel di ng heat cond
carmer a;
distribution patt

used in the wel di ng managenent apparatus of the
Fig. 4 is a fragnentary plan view showing a 5
ition which may appear in the visual field of the

Fig. 5 is a diagram showing a |umnance

ern produced in the inmge processor; Fig. 6 is a

di agram used in explaining the 10 operation of the inmage processor;
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characteristic feature varies within the acceptable
range defined between the upper and lower limits, as
indicated by the curve Co of Fig. 7. If the
characteristic feature is out of the acceptable range,
as indicated by the curve C1 of Fig. 7, the inference
section 60 produces a command causing the alarm unit 66
to produce an alarm so as to indicate that the welding
condition is defective.

The inference.section 60 may be arranged to infer
a cause of the defective welding condition based upon
the characteristic feature changing out of the
acceptable range defined between the upper and lower
limits. In this case, the inference section 60
indicates the inferred cause on the display unit 64.

“The invention is also applicable to another type
of welding machine as shown in Fig. 8. This welding
machine includes a pair of contacts l4a and 14b placed
in contact with the workpiece 1 on the opposite sides
of a line along which welding is required. The contacts
14a and 14b are supplied with a high frequency power to
produce an electric potential in the workpiece 1. This
electric potential causes heating because of I’R losses
at the jointing point la where the opposite side
surfaces 1b and 1c of the workpiece 1 are welded.

Referring to Figs. 9 and 10, there is illustrated
a second embodiment of the welding management apparatus
of the linvention. The second  embodiment  1is
substantially the same as the first embodiment except
for a masking member 42 provided in front of the camera
40 to mask the workpiece portion downstream of the
welding point la. With the use of the masking member
42, the luminous area corresponding to the heated
portion of the workpiece 1 is divided into two portions
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Fig. 7 is a diagramused in explaining the process for produci ng an

al arm Fig. 8 is a fragnentary perspective view show ng

anot her type of welding section included in the tube 15 production

machine to which the invention is appl i cabl e; Fig. 9is
a schematic bl ock di agram showi ng a second enbodi nent of the wel ding
managenent appar at us of the invention; 20 Fig. 10is a
fragnentary plan view showi ng a visual field of a camera used in the
wel di ng managenent apparatus of the invention; Fig. 11 is a

fragmentary plan viaevasdowbng as showel dnngf'.h?satlbondilpi ont ihisébwisayorgpear
in the visual 25 JJ6l3e0brt D€ 6 Rfte pattern obtained for the welding
condition shown in Fig. 11. The area Pl corresponds to
the area 4a of Fig. 11 and the area PZ corresponds to
5 the area 4b of Fig. 11. The letter G1 indicates the
center of gravity of the area 4a and the letter G2
indicates the center of gravity of the area 4b.
In this embodiment, the image processing unit 50
is arranged to process the inputted image so as to
10 provide a trapezoid area AT1 equivalent to the area 4a
and a trapezoid area AT2 equivalent to the area 4b, as
shown in Fig. 13. The image processing unit 50 extracts
the areas Al and A2 of the respective trapezoid areas
AT1 and AT2, the lengths al and a2 of the major axes of
15 the respective trapezoid areas AT1 and AT2, the lengths
bi and b2 of the minor axes of the respective trapezoid
areas AT1 and AT2, the positions G1 and G2 of the
gravity centers of the respective trapezoid areas AT1
dand AT2, and the angles 81 and 82 of inclination of the
20  respective trapezoid areas AT1 and AT2. The limage
processing unit 50 superimposes at least one of
characteristic features calculated as (Al + A2}/2, (Al
~ A2)/(A1 + A2)'?, (61 + 62)/2, |61 - G2l /(61 x G2)*7%,
and (/681/ - |82l)/(61 x 62)? on the signal S5. The
25 characteristic feature (Al + A2)/2 corresponds to the
magnitude of the welding heat, the thickness of the
workpiece 1 and the workpiece feeding speed. The
characteristic feature (A1 - A2)/(A1 + Az2)
corresponds to the degree to which the tubular
30 formation of the workpiece 1 is balanced. The
characteristic feature (Gl + G2)/2 corresponds to the
upsetting pressure and the width of the workpiece 1.
The characteristic feature [G1 - 62//(61 x G2)*
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Fig. 12 is a diagram showi ng a | um nance
mage processor;

in the i
t he

used in
15is a
wel di ng

di stribution battern pr oduced
Fig. 13 is a diagramused in expl aining

operation of the inmage processor; 30 Fig. 14 is a diagram
expl aining the process for producing an alarm Fig.
schematic bl ock di agram show ng a third enbodi ment of the

managenment appar atus of

10

15

20

25

30

corresponds to the workpiece forming condition. The
characteristic feature (/61/ - leézl)/(61 x 82)
corresponds to the workpiece forming stability,
workpiece thickness change and the degree to which the
rollers are worn.

It is now assumed that the characteristic feature
is the position of the gravity center of the eguivalent
area. The .mference section 60 compares this
cbaracterzst.zc feature hysteretically with a higher
value L2 (400 pixels) of an upper limit when the
characteristic feature is increasing and with a lower
value L1 (350 pixels) of the upper limit when the
characteristic feature is decreasing, as shown in Fig.
14. No alarm is produced from the alarm unit 66 as long
as the characteristic feature varies below the upper
limit, as indicated by the curve Co of Fig. 14. If the
characteristic feature exceeds the upper limit, as
indicated by the curve Cl1 of Fig. 14. the inference
section 60 produces a command causing the alarm unit 66
to produce an alarm so as to indicate that the welding

condition is defective. The inference section 60 may be

arranged to infer a causé of the defective welding

condition based upon the characteristic feature
changing out of the acceptable range defined by the

upper limit. In this case, the inference section 60
indicates the inferred cause on the display unit 64.
Referring to Figs. 15 and 16, there is illustrated
a third embodiment of the welding management apparatus
of the invention. The third embodiment is substantially
the same as the first embodiment except for a masking
member 44 provided in front of the camera 40. The
masking member 44 has a rectangular transparent window
44a. The transparent window 44a has parallel lines Vi-
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6 t he i nventi on; Fig. 16 is a fragnmentary plan view

showi ng a visual field of a canera used in the wel di ng managenent
apparatus.of the invention; .5 Fig. 17 is a fragnentary plan view
showi ng a- - wel di ng heat -conditi on which.may appear in the visual
field of the canera; Fig. 18 is a diagramshow ng a | um nance

V2, V3-V4 and V5-V6 to divide vidual field (VF), that
is, the area of the transparent window 44a, into three
zones V, E and F, as best shown in Fig. 17. These lines
extend over the full length of the width of the
5  transparent window in a direction normal to the
workpiece feeding direction A, as best shown in Fig.
17. The line Vi-V2 extends through the jointing point
la of the workpiece 1. The V zone (center zone) is
defined between the line V3-V4 and the line V5-V6. The
10 E zone, which is defined between the line V3-V4 and the
window edge line E1-E2, is positioned on the downstream
side of the V zone. The F zone, which is defined
between the line V5~V6 and the window edge line F1-F2,
. is positioned on the upstream side of the V zone. The
© 15  1line’C1-CZ extends through the jointing point la in the
workpiece feeding direction. One of the workpiece side
surfaces is indicated by the line C1-Bl extending at an
angle 61 with respect to the line C1-C2. The other
workpiece side surface is indicated by the line C1-B1
20 extending at an angle 82 with respect to the line Ci1-
C2. With the use of the masking member 44, the luminous
area corresponding to the heated portion of the
i workpiece 1 .is divided into three zones. Fig. 18 shows
one example of luminance distribution patterns obtained .
25 for the welding condition shown in Fig. 17. The
luminance distribution pattern including areas P11 and
p1l2 correspond to the F zone of Fig. 17, the luminance
distribution pattern including an area P20 corresponds
to the V zone of Fig. 17, and the luminance
30 distribution pattern including an area P30 corresponds
to the E zone of Fig. 17.
In this embodiment, the image processing unit 50
is arranged to extract at least one of the following

E1)

WA




di stribution pattern produced in the inmage processor; 10 Fig. 19 is
a diagramused in explaining the process for producing an alarm

Fig. 20 is a sectional view showi ng a specified formof the squeeze
rol |l er arrangenent; Fig. 21 is a plan view show ng the squeeze
roller 15 arrangenent of Fig. 20; Fig. 22 is an enl arged

el evati onal view show ng the squeeze roller included in the squeeze
rol | er arrangenent of Fig. 20; Fig. 23 is a fragnmentary
sectional view showing a 20 nodified formof the squeeze roller
arrangenent ; chargrgerpatic featukgentary plan view showing the

squeeze rollers used in EﬂeTkEerQEOQEC&wgqlﬂﬁéﬂdﬁb area of théJsumdolfs a
fragnentary el evational view show n
the F, V and E zones, the position of the gravity
center of the luminous area of the sum of the F, V and
5 E zones, the length of the circumference of the
luminous area of the sum of the F, V and E zones. These
characteristic features correspond to the inputted
(welding) heat.
{(2) The angle 81 and 62 of the lines Bl1-Cl and B2-
10 c1 with resbect to the line Cl-C2. To obtain the lines
B1-C1 and B2-C1, the image in the area V5-V6~F2-F1 may
be differentiated. The areas Al and AZ of the.luminous
areas 4a and 4b. These characteristic features
correspond to the degree to which the workpiece
- 15 formation is balanced and the angle of the V throat.
(3) The position of the gravity center of the area
V3-V4~V6-V5. This characteristic feature corresponds to
the magnitude of the upsetting pressure.
(4) The image 1in the area E1-E2-V4-V3 is
20 differentiated to determine the presence of slits. If
slits are produced frequency, it will mean that the
inputted (welding) heat is excessive.
It is now assumed that the characteristic feature
is the position of the gravity center. The inference
25 section 60 compa}es this characteristic feature
hysteretically with a higher value L2 (100 pixels) of
the lower limit when the characteristic feature is
increasing and with a lower value L1 (80 pixels) of the
lower 1limit when the characteristic feature is
30 decreasing, as shown in Fig. 19. Similarly, the
inference section 60 compares the characteristic
feature hysteretically with a higher value L4 (400
pixels) when the characteristic feature 1is increasing
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the squeeze rollers used in the tube production 25 nachine; Fig.

26 is a.graph of tube dianeter versus squeeze rol |l er dianeter;
Fig. 27 is a graph of tube dianmeter versus V throat angle; 30
Fig. 28 is a perspective view showi ng a nodified form of the squeeze
roll er arrangenent; Fig. 29 is a plan view of the squeeze roller

arrangenent of Fig. 28; and

and with a lower value L3 (350 pixels) when the
characteristic feature is decreasing. No alarm is
produced from the alarm unit 66 as long as the
characteristic feature varies within the acceptable
5 range defined between the upper and lower limits, as
indicated by the curve Co of Fig. 19. If the
characteristic feature is out of the acceptable range,
as indicated by the curve €1 of Fig. 19, the inference
section 60 produces a command causing the alarm unit 66
10 to produce an alarm so as to indicate that the welding
condition is defective.
“Thé‘:.i.nference section.60.may be.- arranged to infer
a cause of the defective welding condition based upon
the characteristic feature. changing out of the
15 acceptable range defined between the upper and lower
limits. In this case, the infei'ence section 60
indicates the inferred cause on the display unit 64.
Referring to Figs. 21 to 23, there is illustrated
a fourth embodiment of the welding management apparatus
20 of the linvention. In this embodiment, the tube
production machine employs a pair of squeeze rollers 70
each of which 1is a one-piece member having a
cylindrical center portion 70a and upper and lower
cylindrical end portions 70c and 70d extending.
25 coaxially from the upper and lower surfaces of the
cylindrical center portion 70a. The cylindrical end
portions 70c and 70d have a diameter somewhat shorter
than the diameter Dg,, of the cylindrical center portion
70a. The cylindrical center portion 70a is formed in
30 its side peripheral surface with an annular groove 70b.
The squeeze rollers 70 are juxtaposed in parallel
with each other so as to applying an appropriate
upsetting pressure to the curved workpiece 1 passing
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7 Fig. 30 is a sectional view of the squeeze roller

arrangenent of Fig. 28. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
Wth reference to the drawings, and in particular 5 to Fig. 1, there is
shown a schemati c di agram of a wel di ng managenent apparatus enbodyi ng

the i nventi on.

the space defined by the annular grooves 70b of the
respective squeeze rollers 70. The squeeze rollers 70
are supported on separate roller holders 72 each of
which has upper and lower rigid arms 72a extending in
5  spaced-parallel relation to each other. The upper and
lower rigid arms 72a are formed near their ends with
+ coaxial holes 72b for receipt of the upper and lower
end portions 70c and 70d. The sgueeze roller 70 is
supported rotatably between the upper and -lower arms
10 72a with its upper and lower end portions 70b and 70c
inserted. in the respective holes 72b. The roller
holder; 72 are bolted on respective sliders 74 mounted
for sliding movement on a roller stand (not shown). A
conventional sliding mechanism, for example, of the
15 type-including a screw rod 76, is provided to move the
sliders 74 toward and away from each other so as to
adjust the distance between the squeeze rollers 70 and
thus the upsetting pressure applied to the workpiece 1.
This arrangement can reduce the size of the sgueeze
20 rollers 70 without any reduction in their strength. It
is, therefore, possible to place the squeeze rollers 70
closer to the induction coil 12 without interference of
the squeeze rollers 70 with the induction coil 12 so as
to improve the welding heat efficiency. It is also
25 possible to produce small-diameter tubes having a
diameter of 8 mm or less for which the conventional
apparatus cannot be used. It is preferable to avoid
induction heating of the squeeze rollers 70 by making
the squeeze rollers of an insulating material such as
30 ceramics. It is also preferable to provide bushes 78
for bearing the sgqueeze rollers 70, as shown in Fig.
23. The bushes 78 may be made of special bearing metal
or the like.
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Al t hough the welding managenent apparatus wll be described in

connection with a tube production nmachine enpl oyi ng a high frequency

i nduction welding unit, as 10 shown in Fig. 2, it is to be understood that
t he i nvention is also applicable to other types of tube producti on
machi ne. The tube production machi ne, general |y designated by the
nunmeral 10, enploys form ng rollers arranged in a nunber of stages to
forma 15 workpiece 1 fed froma roll of metal strip in a tubular
formation. A pair of squeeze rollers 13a and 13b are posi ti oned on the

opposi te sides of the V\Befpre.mgltandﬁgs. tMyapdovaiie an smaddt-idiage ter
pressure Lo j oi nt ol St e WA LRS- Pha LIGHDT BOLCG® plfles?, |

ege
jointing 20 point ajust ups reamo oint_Interne
squeeze rol | ers 13hetween 3bhe asgurese stm;Weer M.gIt is now assumed that

the sgueeze rollers 70 has a maximum diameter Dg, and

5 the small-diameter tube has a diameter Dp. If the
squeeze roller diameter Dg, increases, the distance ¢,

» of the induction coil 12 from the welding point la
intermediate between the sgqueeze rollers 70 should be
increased to avoid the interference of the squeeze

10 roller 70 with the induction coil 12. The greater the
distanceé; t.,, the greater the resistance of the electric
path extending from the ‘induction passage 12 to the
welding point la. As a result, the ratio of the current
flowing to the welding point la to the current
15 circulating through the workpiece 1 in the direction of
the circumference of the curved workpiece 1 increases.
Consequently, the welding heat produced at the welding
point la decreases for the same power applied to the
induction coil 12. In addition, the workpiece 1 is

20  softened by the heat conducted over the entire area of
the workpiece so that the V throat cannot be maintained

at a constant angle 8.

The inventors have discovered an acceptable range

of the squeeze roller diameter Dy, from tests conducted

25 to change the squeeze roller diameter Dg, for
workpieces having various widths ranging from 11 mm to

25 mm. The test results are illustrated in Fig. 26. As

can be seen from the test results, it is preferable
that the squeeze roller diameter Dy, be in an

30  acceptable range defined by first and second lines Lal
and Lbl. The. first line Lal is presented as 5.5 x Dp

and the second line Lbl is presented as 2.5 x Dp.
Assuming now that the tube diameter Dp is 6.35 mm, the

—_—
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2. A heating coi
position upstream
supplied with a hi
concentr at ed,

12 is positioned to surround the wor kpi ece 1 at a
of the jointing. point la. The heating coil 12 is
gh 25 frequency power to produce a highly

rapidly alternating nmagnetic field so as to induce an

el ectric potential in the workpiece 1. This electric potential causes

heating because of I[err] R losses at a wel di ng poi nt just downstream
of the jointing point la 30 where the opposite side surfaces 1b and 1lc of
t he wor kpi ece 1 are wel ded, as best shown in Fig. 2. The V- shaped

gap, which is defipedepeabibheahgentdMItRel Bgusdze rdlidPedppeskie g de

surfaces 1b and 1c of the

10

15

20

25

30

extends from 15.9 mm to 32.9 mm. Assuming now that the
tube diameter Dp is 4 mm, the acceptable range of the
squeeze roller diameter D;, extends from 10.1 mm to
20.8 mm. If the squeeze roller diameter Dg, is greater
than the acceptable range, the distance ¢, is too long.
If the sgueeze roller diameter Dgy, is less than the
acceptable range, the sgqueeze rollers 70 will have an
insufficient strength against the reaction force
produced in response to an upsetting pressure applied
to the'=:t;r-orkpiec¢ 1. .

A seam guide 80 is placed between the opposite
side surfaces 1b and lc of the workpiece 1 to Increase
the angle 8 of the V throat so as to shorten the
disf:iance Lsg. The inventors bhave discovered an
acceptable range of the V throat angle 8 from tests
conducted to change the V throat angle 6 for workpieces
having various widths ranging from 11 mm to 25 mm. The
test results are illustrated in Fig. 27. As.can be seen
from the test results, it is preferable that the V
throat angle 8 be in an acceptable range defined by
first and second lines LaZ and Lb2. The first line La2

is presented as 1.5 x Dp and the second line Lb2 is

presented as 0.6 x Dp. Assuming now that the tube
diameter Dp is 6.35 mm, the acceptable range of the V
throat angle 8 extends from 4.06° to 8.83°. Assuming
now that the tube diameter Dp is 4 mm, the acceptable
range of the V throat angle 8 extends from 2.56° to
5.56°. If the V throat angle 8 is greater than the
acceptable range, the wrinkles or deformations occur on
the opposite.side surfaces 1b and lc of the workpiece
1. If the V throat angle 8 is less than the acceptable
range, pre-—arc occurs in the V throat of the workpiece

_
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8 wor kpiece 1, is referred to as a V throat. The heating
coil 12 is powered froma high frequency power source 20 through a
power control circuit 22. The wel di ng heat under which the workpi ece

1 to degrade the welding quality.
Referring to Figs. 28 to 30, there is illustrated
a fifth embodiment of the welding management apparatus
of the invention. In this embodiment, the squeeze
5 rollers 70 are supported in a cassette holder 80. The
cassette holder 80 includes a lower member 80a and an
upper member 80b fixed on the lower member 80a to form
a box—shaped holder. The upper and lower members 80a
and 80b are formed near their centers with a pair of
10 coaxial holes 80c for receipt of the upper and lower
end portions 70c and 70d. The squeeze roller 70 is
supported. rotatably between the upper and lower members
80a and 80b with its upper and lower end portions 70b
and 70c inserted in the respective holes &80c. The
- 15 cassette holder 80 is fixed on a roller stand by means
of bolts 86 extending through bolts holes 82 formed in
the upper and lower members 80a and 80b. Thus, the
distance between the squeeze rollers 70 are fixed at a
predetermiried appropriate value. The numeral 88
20 designates a cutout formed in the upper member 80a
intermediate between the holes 80c. The cutout 88 is
effective to monitor the welding point la therethrough

and escape spatters therethrough.
This arrangement can reduce the size of the
25 squeeze rollers 70 without any reduction in their
strength. It 1is, therefore, possible to place the
squeeze rollers 70 closer to the Iinduction coil 12
without interference of the squeeze rollers 70 with the
induction coil 12 so as to improve the welding heat
30 efficiency. It is also possible to produce small-
diameter tubes having a diameter of 8 mm or less for

which the conventional apparatus cannot be used.

While the Invention bhas been described in
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51 is welded at the welding point la, this being determ ned by the
| evel of the power applied to the heating coil 12, is determ ned from
cal cul ati ons performed in a control unit 30. A canmera 40 is
posi ti oned above the workpiece 1. The canera 40, which 10 may be of the
type having an Mx N array of CCD el enents, is directed to have a
visual field VF including the jointing (or welding) point la, as shown
in Fig. 3. Fig. 4 shows a wel ding condition which may appear in the
vidual field VF of the camera 40. In this 15 welding condition, the
opposite side surfeaoajuhbtiod #dth speedrdenretiodlinanteeltinshemfal i€ dk a
poi nt 2a upstream . the, ipinting point 1la.. The nelt .netal 2 nmves
violently between fﬁéd%%Fntghég éﬁﬁvgaaQ# IFFgégﬁﬁbt mOd%%SSSFlPHg wﬁB%e
area between the pvanistiensinwil2é te apparent to those skilled in the
art. Accordingly, it is intended to embrace all
5 alternatives, modifications and variations that fall

within the scope of the appended claims.
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20 forman aperture 3 behind the nelted netal 2. An arc (referred to

as pre—are)—oeceurs—freguently at the point 2a. This welding condition
resul t wel di ng heat. Preferably, the camera 40
S flxil“Hﬂmmmnﬁrmw to suppress the novenent of the vidual field 25 VF

within 0. 1¢mtat® nexi rum Noi se will be introduced when the neasuring
poi nt noves due to vibrations in the canera 40. It is also preferable
that the introduced noise is less than 100 pm The i mage

(Lumnance | ovel gaiel chacild 9. (he S0 CCD elerents [s scamed i 2
application to thd.i nagewpidirgsiargagendents@pparatsist for usbewitbea studwd
that the image f0%%%11%9::{596‘11:%11?}9eﬁ@iﬁding first means for forming a
workpiece fed from a roll of metal strip in a tubular
5 formation having side surfaces opposite to each other,
second means for providing an upsetting pressure to
joint the opposite side surfaces of the workpiece at a
jointing point, and third means for supplying a high
frequency power to the workpiece to weld the opposite
10 side surfaces at the jointing point so as to produce a
metal tube member, the welding management apparatus
comprising:
- a camera positioned to have a visual field
includlng the jointing point for producing a video
15 signal indicative of an image including an area
luminous with a pre-arc produced in the visual field;
an image processor for converting the video signal
into a luminance distribution pattern; and
an Iinference unit for inferring a defective
20 welding condition based upon the luminance distribution
pattern, the inference unit Including means for
producing an alarm when a defective welding condition

o h

is inferred.

25 2. The welding management apparatus as claimed in
claim 1, wherein the image processor includes means for
extracting at least one of characteristic features of
the luminance distribution pattern, and wherein the
inference unit includes means for producing an alarm

30 when the extracted characteristic feature 1s out of an

acceptable range.

3. The welding management apparatus as claimed in

25
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9 has synthetical information on which various wel di ng
conditions are reflected. The inage processing unit 50

| EN) )R

10

15

20

25

30

claim 2, further comprising means for inferring a cause
of the defective welding condition based upon the
characteristic feature changing out of the acceptable

range.

4. The welding management apparatus as claimed in
claim 3, wherein the image processor includes means for
producing an oval area equivalent to the luminous area,
and wherein the characteristic feature include one of
the area of the equivalent oval area, the length of the
major axis of the equivalent oval area, the length of
the minor axis of the equivalent oval area, the
position of the gravity center of the eguivalent oval
area, the length of the circumference of the equivalent
oval” area, and the angle of inclination of ‘the

equivalent oval area.

5. The welding management apparatus as claimed in
claim 2, wherein the image processor includes means for
producing an oval area egquivalent to the luminous area,
and wherein the characteristic feature include one of
the area of the equivalent oval area, the length of the
major axis of the equivalent oval area, the length of
the minor axis of the eguivalent oval area, the
position of the gravity center of the egquivalent oval
area, the length of the circumference of the equivalent
oval area, and the angle of inclination of the

equivalent oval area.

6. The welding management apparatus as claimed in
claim 1, further comprising means for making a
comparison of the luminance pattern with at least one
reference pattern, and means for controlling the third

26
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receives a video signal fromthe canera 40 and digitally stores the
I nputted i mage. The stored image 5 A is represented by an Mx N array of

pi xel s. Each I Xel A(X,yI is assigned a value representation of its
intensity. T lﬂ'gu&m"ﬂi,ng unit 50 scans the stored image Ain a
series of rastyemel : RSO convert it into a black/white inage B
represented by an 10 ‘ar rfay *of pixels. Each pixel B(x,y) has a value of 0
or 1. B(x,y) = 0 represents a white pixel, while B(x,Y) 1
represents a black pixel. In order to avoid the i nfl uence of the vapor

and ot her di sturbapesss NRARL Rt the hidRiF AR Power Base@R8gon the
processing unit 51 may be 15~ arranged to diftferentiate the signal obtained

when t he st or PR 98+ s scanned in a series of raster scan | i nes
and to convert the differentiated signal into the

7. A welding management apparatus for use with a tube
5 production machine including first means for forming a
workpiece fed from a roll of metal strip in a tubular
formation having side surfaces opposite to each other,
second means for providing an upsetting pressure to
joint the opposite side surfaces of the workpiece at a
10  jointing point, and third means for supplying a high
frequency power to the workpiece to weld the opposite
side surfaces at the jointing point so as to produce a
metal tube member, the welding management apparatus
_ comprising:
1;5 “a camera positioned to have a visual field
- including the jointing point for producing a video
signal indicative of an image includizig ‘an area
luminous with heat produced in the visual .field;
a masking member placed in front of the camera for
20 partially masking the visual field from the camera to
divide the luminous area into first and second sections
corresponding to the respective side surfaces of the
3 workpiece;
an image processor for converting the video signali
25 fed from the camera into a Jluminance distribution
pattern; and
an inference unit for inferring a defective
welding condition based upon the luminance distribution
pattern.
30
8. The welding management apparatus as claimed in
claim 7, wherein the inference unit includes means for
producing an alarm when a defective welding condition
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bl ack/white image B. The i mage processing unit 50 counts the nunber of
white pixels of the stored image 20 B and produces an electric signal S5
corresponding to the counted white pixel nunber. The electric signal
S5 repr eslﬂﬂumﬂwnuﬂ ea of the stored i mage B and, thus, the
intensity of t!n¢ [ 8 &1Ll The i mage processing unit 50 may be
arranged to produce the 25 electric signal S5 by counting the nunber of
white pi xel s arranged to forma |ongitudinal center line on t he
stored i mage. Preferably, the canera 40 has such a resol vi ng power that
t he nunber of the péxghfefddi Ng the white area (in this case pre-arc
area) is 100 or 30 nore. The i mage processing unit 50 may include
an anal og-to-digital converter (A/D) 52 which receives the

g. The welding management apparatus as claimed in

claim 8, wherein the image processor includes means for
5 extracting at least one of characteristic features of
the luminance distribution patterrn, and wherein the
inference unit includes means for producing an alarm
when the extracted characteristic feature is out of an

acceptable range.

10

.. 10. <The welding management apparatus as claimed in

“  claim 9, further comprising means for inferring a cause

i of the defective welding condition based upon the
characteristic feature changing out of the acceptable

15 range.

11. The. welding management apparatus as claimed in
claim 7,'- further comprising means for making a
comparison of the luminance pattern with at least one
20 reference pattern, and means for controlling the third
means to adjust the high frequency power based upon the

comparison.

12. A welding management apparatus for use with a tube
25  production machine including first means for forming a
workpiece fed from a roll of metal strip in a tubular
formation having side surfaces opposite to each other,
second means for providing an upsetting pressure to
Joint the opposite side surfaces of the workpiece at a
30  jointing point, and third means for supplying a high
frequency power to the workpiece to weld the opposite
side surfaces at the jointing point so as to produce a
metal tube member, the welding management apparatus
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video signal S1 fromthe canmera 40 and converts it into

LY

comprising:

a camera positioned to have a visual field
including the jointing point for producing a video
signal indicative of an image including an area

5 luminous with heat produced in the visual field;
" a masking member placed in front of the camera,
. the masking member having a transparent window having
lines extending in spaced-parallel relation to each
other. ip .a. direction substantially normal to a
10 direction of movement of the workpiece for dividing the
visual field into a plurality of zones;
an image processor for converting the video signal
fed from the camera Jinto luminance distribution
patterns corresponding to the respective zones; and
15 -ran inference unit for inferring a defective
welding condition based upon the luminance distribution

patterns.

13. The welding management apparatus as claimed in
20 claim 12, wherein the inference unit includes means for
producing an alarm when a defective welding condition

is inferred.

-

14. The welding management apparatus as claimed in
25 claim 13, wherein the image processor includes means
for extracting at least one of characteristic features
of the respective luminance distribution patterns, and
wherein the inference unit includes means for producing
an alarm when the extracted characteristic feature is

30 out of an acceptable range.

15. The welding management apparatus as claimed in
claim 14, further comprising means for inferring a
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digital formhaving 128 (0 to 127) tones. That is, the | um nance | evel

(Cd/Merr the Mx N array of CCD elenents 1is
converted responding digital signal. The digital signal
S2 i s Hmmmnmﬂw Hm D converter 52 to a first inmage menory
(ME 54 whith digita ores an imge of the visual field

represent ed by an M x N array of pixels. Each pixel is assigned a val ue
representative of its intensity (darkness). The stored imge is scanned
in a 10 series of raster scan lines to convert it into a | um nance

(gray histogram pé&&éérbf RiHg d’égél&@%eoﬂéldzn g R i pesdy apbikhance

pattern obtained f

I ng condition, described in connection with

Fig. 4. The f |‘F13¥r¢€|45ﬁmr%l‘ér€%a%‘lﬁq RERRALM) Qe of r the pecppsalie

t he- hi ghest |um napgggéevel and it corresponds to the

5 16. The welding management apparatus as claimed in
claim 12, further comprising means for making a

10

5

20

25

30

comparison of at least one of the luminance patterns
with at least one reference pattern, and means for
controlling the third means to adjust the high
frequency power based upon the comparison.

17. A tube production machine comprising means for
forming a workpiece fed from a roll of metal strip in
a tubular formation having side surfaces opposite to
each other, a pair of squeeze rollers for providing an
upsetting pressure to joint the opposite side surfaces
of the workpiece at a jointing point, each of the
squeeze rollers being a one-piece member having a
cylindrical center portion, and upper and lower
cylindrical end portions extending coaxially from the
center portion, the center portion being formed in a
side peripheral surface with an annular groove to

define a path for the workpiece along with the annular
groove of the other squeeze roller, a raller holder for

bearing each of the squeeze rollers at the end portions
thereof, and means for supplying a high frequency power
to the workpiece to weld the opposite side surfaces at
the jointing point so as to produce a metal tube

member.

18. <The tube production machine as claimed in claim
17, wherein the roller holder includes first and second
sections for bearing the respective squeeze rollers,
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pre-arc produced at the point 2a. The second | um nous

by theWhas a | um nance | evel less than the first
| um nou

the 20 7mp%gﬁ"mm[[ 5, the letter Gindicates the center of
gravity o # nous area surrounded by the circle P1.
The i nmage proceSS| ng umit 50 al so includes a second i mage nenory (MEM
56 which stores reference 25 |um nance patterns. The digital conputer

(CPU) 58 nmkes

corresponds to the workpiece portion surroundi ng

a determ nation as to whether or not the welding

condition is appropheaffrdy axdpricond seetlivasnbategy moumped eiar S3iding

f dth f f 4,
| age pat terns. o4 98"BARECEerER, apF Rk, AP el e Bhef  EO° ABEENTE

10

20

25

30

the sgqueeze rollers at an adjustable dzstance.

19. The tube production machine as claimed in claim
17, where the roller holder is a single member for
supporting the squeeze rollers at a predetermined

distance.

20. The tube production machine as claimed in claim
17, wherein the squeeze rollers have a diameter set
within a ranée defined by first and second lines, the
first line being presented as 5.5 x Dp, the second line
being presented as 2.5 x Dp where Dp is the diameter of
the -tube to be produced.

21. The tube production machine as claimed in claim
17, wherein the opposite side surfaces makes an angle
set within a range defined by first and second lines,
the first line being presented as 1.5 x Dp, the second
line being presented as 0.6 x Dp where Dp 1is the
diameter of the tube to be produced.

22. The tube producfion machine as claimed in claim
21, wherein the squeeze rollers have a diameter set
within a range defined by third and fourth lines, the
third line being presented as 5.5 x Dp, the fourth line
being presented as 2.5 x Dp where Dp is the diameter of
the tube to be produced.
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| mage nmenory 56. For this purpose, the digital conputer 58 may be
arranged to conpare the first |um nous area surrounded by the circle P1

with the correspondi ng area 11

ABSTRACT OF THE DISCLOSURE
A welding management apparatus for use with a tube
production machine. A workpiece fed from a roll of
metal strip is formed in a tubular formation having
5 side surfaces opposite to each other. An upsetting
pressure is applied to joint the opposite side surfaces
of the workpiece at a jointing point. A high freguency
power is supplied to the workpiece to weld the opposite
side surfaces at the jointing point so as to produce a
10 metal tube member. The welding management apparatus
comprises a camera positioned to have & visual field
including the jointing point for producing a video
signal indicative of an Iimage Jincluding an area
. luminous with a pre-arc produced in the visual field.
15 An i"}}zage processor converts the video signal into a
luminance distribution pattern. An inference unit is
provided for inferring a defective welding condition
based upon the luminance distribution pattern. The
inference unit includes an alarm unit for producing an
20 alarm when a defective welding condition is inferred.
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of each of the reference | um nance patterns. The first | um nous area

surrounded by the circle P1 corresponds to the area of the pre-arc
produced at the point 2c and it corresponds to the intensity of the
wel ding heat. 5 Alternatively, the digital conputer 58 nay be arranged
to conpare the longitudinal length of the first | um nous area
surrounded by the circle PL with the correspondi ng | ength of each of
the reference | um nance patterns. The |ongitudinal |ength of the first
| um nous 10 area surrounded by the circle Pl corresponds to the

|l ength of the nelted nmetal 2 and it corresponds to the I ntensity of
the wel ding heat. The digital conputer 58 produces a deci sion signal
S5 indicative of the result of the conparison nmade in the imge

processi ng unit 50.

FIG.1
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15 The decision signal S5 is fed fromthe image processing unit 50
to the control unit 30. The control unit 30 includes a correction
fact or calculating circuit (COR) 32, a signal converter

circuit (CON) 34 and a signal control circuit (SCC) 36. 20 The correction
factor calculating circuit 32 receives t he decision signal S5 fromthe
digital conmputer 58 and a welding condition signal S9 and it

calcul ates a correction factor based upon the received signals S5

and S9. The wel ding condition signal S9 may a sensor 25 signal indicative
of at |east one of the neasured val ues of high frequency power, high
frequency i npedance, welding rate, workpiece wdth, workpiece

t hi ckness, workpi ece resistance, and the 1ike par anmet ers havi ng
an influence on the welding quality.

20 FIG.2
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30 The correction factor calculating circuit 32 produces a signal S6.
I ndi cating the cal cul ated correction factor. The signal S6 is fed from
calculating circuit 32 to the signal converter

the correction factor

circuit

S W N -
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34 which converts it into an electric signal S7. The el ectric signal

S7 is applied to the signal control circuit 36 which conpares it with
a power setting ref erence signal SO to produce a control signal S8 5
causi ng the power control circuit 22 to control the hi gh frequency
power to the heating coil 12. The wel di ng managenent appar at us

al so includes an I nference section 60 and a nonitor section 62. The
nonitor section 62 includes display and alarmunits 64 10 and 66 connected
to the inference section 60. The i nference section 60 receives the
signals S5 and S9 and infers the welding condition. The inference

section 60 FIG.6
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may ba arranged to utilize the area, |ength, ci rcunf erence,
inclination angle of the first |lumnous 15 area-obtained by the digital

conputer 58 to infer the wel di ng condition. The inferred wel ding
condition is presented on the display unit 64. The alarmunit 66
operates to provide an audi bl e indication when the i nferred wel di ng
condition is defective. 20 The i nmage processing unit 50 nay be
arranged to process the inputted inage so as to provide an oval

area Ao equivalent to the first |um nous area Ap corresponding to the
pre-arc, as shown in Fig. 6. The i mge processing unit 50 extracts at
| east one of 25 characteristic features including the area of the
equi val ent oval area Ao, the length a of the nmajor axis of the

equi val ent oval area Ao, the length b of the

FIG.8
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m nor axis of the equivalent oval area Ao, the angle [err] of

I nclination of the equivalent oval area Ao, the 30 position of the gravity
center of the equival ent oval area Ao, the length of the circunference
of the equi val ent oval area Ao, etc. The area of the equi val ent

oval area Ao corresponds to the-magnitude of

FIG.9
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13 the heat (welding heat) inputted to the workpiece 1. For

exanpl e, the nunber of the pixels formng the first | um nous area Ao
was 146 when the inputted heat is at its lower limt and was 950 when
the input heat is at 5 its upper limt. The angle [err] of inclination of
t he equi val ent oval area Ao may be used to determ ne whet her the
wor kpi ece is formed well symetrically. The position of the gravity
center of the equival ent oval area Ao corresponds to the angle of the
V t hr oat

FIG.10
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10 defined by the opposite side surfaces 1b and 1c of the wor kpi ece
1. These characteristic features are presented on the display unit
64. The inference section 60 receives the extracted characteristic
feature from the i mage processing unit 50 and conpares the received 15
characteristic feature with upper and lower limts. If t he received
characteristic feature is out of the range defined by the upper and
lower Iimts, the inference section 60 produces a command causi ng the
alarmunit 66 to produce an au cation. It is now
assuned that the characteristic feait €§ '?:?s t he p05|t|on of the gravity
center of the equival ent oval area Ag. The inference section 60
conpares this characteristic featureyhysteretlcally wi th a higher
value L2 (100 pixels) of the lower limt pwhen the

1 2 3 4 5 6 7 8|9 ------------N

I I 1 1 ] 1 ' 1 1 T T T T

-—h
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25 characteristic feature is increasing and with a | ower value L1 (80

pi xel s) of the lower Iimt when the characteristic feature is
decreasi ng, as shown in Fig. 7. Simlarly, the inference section 60
conpares the characteristic feature hysteretically with a higher 30

val ue L4 (400 pixels) when the characteristic feature I's increasing and
with a | ower value L3 (350 pixels) when the characteristic feature is
decreasing. No alarm is produced fromthe alarmunit 66 as |long as the

FIG.13
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14
defi ned between the upper and | ower
curve Co of Fig. 7. I1f the

accept abl e range,

alarmso as to indicate that the weld

limts,

as

characteristic feature varies within the acceptable
I ndi cated by

range
t he

characteristic feature is out of the

I ng

FIG.15

5 as indicated by the curve C1 of Fig. 7,
section 60 produces a commuand causing the alarmunit 66

t he i nference
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condition is defective. The inference section 60 may be arranged

to infer 10 a cause of the defective welding condition based upon t he
characteristic feature changing out of the accept abl e range defi ned
bet ween the upper and | ower limts. In this case, the inference
section 60 i ndi cates the inferred cause on the display unit 64. 15
The invention is also applicable to another type of wel di ng machi ne as
shown in Fig. 8 This welding machi ne i ncludes a pair of contacts 14a
and 14b pl aced in contact with the workpiece 1 on the opposite sides

of a line along which wel ding i,/ A0uir&l. The contacts 20 14a and 14b are
supplied with a high frequency'?d‘é?,ﬁo produce an el ectric potenti al
in the workpiece 1. This electric geiential causes heati ng because of
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at the jointing point
the workpiece 1 are wel ded. 25
illustrated
of the i nventi on. The second
sane as the first enbodi nent except

wel di ng poi nt
area corresponding to the heated
into two portions

| a where the opposite side
Referring to Figs.
a second enbodi nent of the wel di ng managenent appar at us
enbodi nent

surfaces I b and 1c of
9 and 10, there is

S substantially the

for a masking nmenber 42 provided in
front of the canmera 30 40 to mask the workpi ece portion downstream of the

la. Wth the use of the nmasking nenber

F')Gt.i.'»r‘aof the workpiece 1 is divided

42, the | um nous
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15 4a and 4b, as shown in Fig. 11. Fig. 12 shows one
exanpl e of a lum nance pattern obtained for the wel ding

FIG.20
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condition shown in Fig. 11. The area Pl corresponds to t he area 4a of
Fig. 11 and the area P2 corresponds to 5 the area 4b of Fig. 11. The

letter Gl indicates the center of gravity of the area 4a and the
letter & i ndicates the center of gravity of the area 4b. In
this enbodi nent, the imge processing unit 50 I's arranged to process
the inputted inage so as to 10 provide a trapezoid area ATl equivalent to
the area 4a and a trapezoid area AT2 equivalent to the area 4b, as
shown in Fig. 13. The inage processin | 0 extracts the areas Al
and A2 of the respective trapezoid arﬁr& § 1 and AT2, the |l engths al

and a2 of the mgjor axes of 15 t he respectlve trapezoid areas AT1 and

AT2, the | engths bl and b2_g J the mino® axes of the respective
trapezoid areas ATl and AT% t he posi t‘@pns Gl ana'(ZGZ 8(4the
! !
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gravity centers of the respective trapezoid areas ATl and AT2, and the
angles [err]1 and [err]2 of inclination of the 20 respective trapezoid

areas ATl and AT2. The i mage processing unit 50 superinposes at | east
one of characteristic features calculated as (Al + A2)/2, (A -
A2)/ (Al + A2)[err] (GL + &)/2, /Gl - &/ (GL x &)[err] and ([err]1 -
[err]2)/([err]1l x [err]2)[err] on the signal S5. The 25 characteristic
feature (AL + A2)/2 corresponds to the magni t ude of the wel ding heat,

t he thickness of the wor kpi ece 1 and the workpi ece feedi ng speed. The
characteristic feature (A - A2)/(éEiL£$ [err] corresponds to
the degree to which the tubular 30 o} the workpiece 1 is
bal anced. The characteristic feature (GL + GQ)/Z coiéesponds to the
upsetting pressure and the width of the w%rkp' S \
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The characteristic feature Gl - &/(GL x @&)[err]

16
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corresponds to the workpiece form ng condition. The characteristic

feature ([err]1 - [Jerr]2)/([err]l x [err]2)[err] corresponds to
t he workpiece formng stability, wor kpi ece t hi ckness change and the
degree to which the 5 rollers are worn. It is now assumed t hat
t he characteristic feature is the position of the gravity center of

t he equi val ent area. The inference section 60 conpares this
characteristic feature hysteretically with a higher 10 value L2 (400

pi xel s) of an upper limt when the characteristic feature is
increasing and with a | ower val ue L1, (350 pixels) of the upper limt
when t he characteristic feature i s decreasing, as shown in Fig.

14. No alarmis produced fromthe alarmunit 66 as long 15 as the

characteristic feature varies belomifiisr%2F37
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s

limt, as indicated by the curve Co of Fig. 14. If the characteristic
feature exceeds the upper |limt, as i ndi cated by the curve Cl of Fig.
14. the inference section 60 produces a command causing the alarmunit
66 20 to produce an alarmso as to indicate that the wel ding condi tion
is defective. The inference section 60 may be arranged to infer a cause
of the defective welding condition based wupon the characteristic
feature changi ng out of the acceptable range defined by the 25 upper
limt. In this case, the inference section 60 i ndicates the inferred
cause on the display unit 64. - Referring to Figs. 15 and 16, there
is illustrated athird enbodinﬁglcgfézhﬁgmelding managenent appar at us
of the invention. The third enbodi i"d=swbstantially 30 the sane as the
first enbodi mnent except for a masking 80
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menber 44 provided in front of the camera 40. The maski ng menber 44 has
a rectangul ar transparent w ndow 44a. The transparent w ndow 44a has
parallel |ines V1- 17

FIG.30
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»

V2,  V3-V4 and V5-V6 to divide vidual fi'eld (VF), that I's, the area of

the transparent w ndow 44a, into three zones V, E and F,.as best shown
in Fig. 17. These lines extend over the full length @i o1 _{Qﬂﬁﬁ%
the 5 transparent window in a direction nornmal to the IRpPicApEMEe! Suivid
feeding direction A as best shown in Fig. 17. The |ine{¥I=VZ extends
through the jointing point | a of the workpiece 1. TheiVv zgp¢{ﬁ§p996r
zone) is defined between the line V3-V4 and the line \{54V6. The 10 E
zone, which is defined between the Iine ¥3-V4 and the Wi tadew-edge TN
E1l-E2, is positioned on the downstream side of the V zZone. The F zone
fge—TTne F1-F2,

whi ch i s defined Wzﬁfk&eﬂﬂﬁa&ﬂfﬁypjﬁrﬂad t he wi ndo

BACKGROUND OF THE INVENTION
This inventidhiféigfés to a welding management
5 apparatus suitable fﬁ@ﬁﬁﬁse with a tube production
machine. ' R
Tube production machines have been employed to
produce a metal tube member by forming a workpiece fed
from a roll of metal strip in a tubular formation
10 having side surfaces opposite to each other, providing
an upsetting pressure to butt the opposite side surface
of the workpiece.at a jointing point, and supplying a
high freguency power to the workpiece to weld the
opposite side surfaces at a welding point. It is the
15 conventional practice to adjust the intensity of the
welding heat generated at and near the jointin§ point
by controlling the high frequency power to the
workpiece based upon various tube producing conditions
that are sensed during the operation of the tube
20  production machine. However, the welding heat intensity
is dependent upon a great number of tube producing
conditions. It is very difficult, if not impossible, to
adjust the welding heat intensity based upon all of the .
tube producing conditions.
25 SUMMARY OF THE INVENTION
It is a main object of the invention to provide a
welding management apparatus which «can achieve
excellent welding heat control with ease.
Another object of the invention is to provide an
30 improved tube production machine which can produce
tubes having -a diameter of 8 mm or less.
There is provided, 1in accordance with the
invention, a welding management apparatus for use with



I's positioned on the upstream side of the V zone. The 15 line Cl-C2

extends through the jointing point la in the wor kpi ece feeding o
direction. One of the workpiece side surfaces is indicat Fﬁpg CEN&'N% EE T
Cl-Bl extending at an angle [err]1 with respect to the |

ot her wor kpi ece side surface is indicated by the line Clf- 1_2(}{ 9
extending at an angle [err]2 with respe®& to the line Cl- C2. \Qﬁquwtﬁe
use of the nmasking nenber 44, the |um nous area correspondi_ng_ta.the-
heat ed portion of the wor kpiece 1 is divided into three Fig 18
shows one exanpl e of |lum nance distribution patterns obtained—25—f0T

the wel ding conditigQipe S

E‘Qucti‘oﬁ: ' Qlac;iZneTh.ﬁ:cludir}En P§P§§ Hedhls! bf&t* on -

pattern includin%oareas 11 and correspond zone of Fig.

17, the | um nanc

corresponds
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a tubular formation having side surfaces opposite. to
each other, second means for providing an upsetting
pressure to joint the opposite side surfaces of the
workpiece at a jointing point, and third means for

supplying a high fregquency power to the workpiece to

weld the opposite side surfaces at the jointing point
S0 as to produce a metal tube member. The welding
management apparétus comprises a camera positioned to
have a visual field including the jointing point for
producing a video signal indicative of an image
including an area luminous with a pre—arc produced in
the visual field, an image processor for converting the
video signal into a luminance distribution pattern, and
an Iinference unit for inferring a defective welding
condition based upon the luminance distribution
pattern. The liInference unit includes means for
producing an alarm when a defective welding condition
is inferred.

In another aspect of the invention, there is
provided a welding management apparatus for use with a

tube production machine including first means for .

forming a workpiece fed from a roll of metal strip in
a tubular formation having side surfaces opposite to
each other, second means for providing an upsetting
pressure to joint the opposite side surfaces of the
workpiece at a jointing point, and third means for
supplying a high frequency power to the workpiece to
weld the opposite side surfaces at the jointing point
so as to produce a metal tube member. The welding
management apparatus comprises a camera positioned to
have a visual field including the jointing point for



to the V zone

at | east one of the foll ow ng

of Fig. 17, and the Ilumnance 30 distribution

pattern including an area P30 corresponds to the E zone of —FW-}«:;WT—
In this enbodi ment, the image processing unit 50 I's arrang RE t@k}‘t‘?ﬁ%ﬁ@tégssai_
T8 =
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producing a video signal indicative of an image
including an area luminous with heat produced in the
visual field, a masking member placed in front of the
camera for partially masking the visual field from the
camera to divide the luminous area into first and
second sections corresponding to the respective side
surfaces of the workpiece, an image processor for
converting the video signal fed from the camera into a
luminance distribution pattern, and an inference unit
for inferring a defective welding condition based upon
the luminance distribution pattern.

In another aspect of the invention, there is
provided a welding management apparatus for use with a
tube production machine including first means for
forming a workpiece fed from a roll of metal strip in
a tubular formation having side surfaces opposite to
each other, second means for providing an upsetting
pressure to joint the opposite side surfaces of the
workpiece at a jointing point, and third means for
supplying a high frequency power to the workpiece to
weld the opposite side surfaces at the jointing point
so as to produce a metal tube member. The welding

management apparatus comprises a camera positioned to -

have a visual field including the jointing point for
producing a video signal indicative of an image
including an area luminous with heat produced in the
-visual field, a masking member placed in front of the
camera, the masking member having a transparent window
having lines extending in spaced-parallel relation to
each other in a direction substantially normal to a
direction of movement of the workpiece for dividing the
visual field into a plurality of zones, an image
processor for converting the video signal fed from the



characteristic features: (1) The area of the lum nous area of the.

sum of the F, V and E zones, the position of the gravit center
of the lum nous area of the sumof the F, V and 5 E zones,|: ]
the circunference of the | um nous area of the sum of t

zones. These

(wel di ng) heat.

characteristic features correspond to the inputtéd '
(2) The angle4err]l and [err]2 df |t ho1IDERES

B1-Cl and B2- 10 Cl with respect to the line Cl-C2. To obtfaijn the lines

B1-Cl and B2-C1,
differenti ated. The areas Al and A2 of the | um nous
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the image in the area V5-V6-F2-F1 may be

camera into luminance distribution patterns
corresponding to the respective zones, and an inference
unit for inferring a defective welding condition based
upon the luminance distribution patterns.

In still another aspect of the invention, there is
provided a tube production machine comprising means for
forming a workpiece fed from a roll of metal strip in
a tubular formation having side surfaces opposite to
each other, and a pair of squeeze rollers for providing
an upsetting pressure to joint the opposite side
surfaces of the workpiece at a jointing point. Each of
the sqheeze rollers is a one-piece member having a
cylindrical center portion, and upper and Ilower
cylindrical end portions extending coaxially from the
center portion. The center portion is formed in a side
peripheral surface with an annular groove to define a
path for the workpiece along with the annular groove of
the other squeeze roller. The tube production machine
also comprises a roller holder for bearing each of the
squeeze rollers at the end portions thereof, and means
for supplying a high frequency power to the workpiece
to weld the opposite side surfaces at the jointing
point so as to produce a metal tube member.

BRIEF DESCRIPTION OF THE DRAWINGS

This invention will be described in greater detail
by reference to the following description taken in
connection with the accompanying drawings, in which:

Fig. 1 is a schematic block diagram showing one
embodiment of a welding management apparatus made in
accordance with the invention;

Fig. 2 1is a fragmentary perspective view showing
the welding section included in a tube production
machine to which the invention is applicable;



areas 4a and 4b. These characteristic features correspond to the

degree to which the workpiece 15 formation is balanced and t z
the V throat. (3) The position of the gravity cent eWﬁ@gﬁ%ﬁéﬁHﬁE’lg

V3-V4-V6-V5. This characteristic feature corresponds to t He magni t ude
of the upsetting pressure. (4) The inmge in the arda]EB EDECH9YS
Is 20 differentiated to determ ne the presence of slits. If slits are
produced frequency, it will nean that the i nputted (wel dijng) hear—ts

excessi ve.

It is now assuned that the characteristi ¢.fgature

is the position of the gravity center. The inference 25 section 60

conpares this

char acyegi sgits 4 qqtagnﬁgntar}hpghar eieradhowing M a ivualter -

value L2 (100 pi xgl S_)ldOfof athe | ower 2” en t he aracterlstlc

feature is
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camera use he welding management

apparatus of the invention;

Fig. 4 1s a fragmentary plan view showing a
welding heat condition which may appear in the visual
field of the camera;

Fig. 5 1is a diagram showing a luminance
distribution pattern produced in the image processor;

Fig. 6 1is a diagram used in explaining the
operation of the image proéessor;

Fig. 7 is a diagram used in explaining the process
for producing an alarm;

Fig. 8 is a fragmentary perspective view showing
another type of welding section included in the tube
pbroduction wmachine to which the invention is
applicable;

Fig. 9 is a schematic block diagram showing a
second embodiment of the welding management apparatus
of the invention; -

Fig. 10 is a fragmentary plan view showing a
visual field of a camera used in the welding management
apparatus of the invention;

Fig. 11 is a fragmentary plan view showing a .
welding heat condition which may appear in the visual
field of the camera;

Fig. 12 1is a diagram showing a luminance
distribution pattern produced in the image processor;

Fig. 13 is a diagram used in explaining the
operation of the image processor;

Fig. 14 1is a diagram used in explaining the
process for producing an alérm;

Fig. 15 is a schematic block diagram showing a
third embodiment of the welding management apparatus of



Increasing and with a lower value L1 (80 pixels) of the
when the characteristic feature is 30 decreasing, as

19. Simlarly, the i nference section 60 conpares the ct

feature hysteretically with a higher value L4 (400
characteristic feature is increasing
6

the invention;

lower limt

shown_ __i'n Fig.
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L AREMENT SHEET)

3 1DEC 1996 J |

Fig. 16 is a fragmentary plan view showing a
visual field of a camera used in the welding management

apparatus of the invention;

5 Fig. 17 is a fragmentary plan view showing a
welding heat condition which may appear in the visual

field of the camera;

Fig. 18 1is a diagram showing a
distribution pattern produced in the image processor;
10 Fig. 19 1is a diagram used in explaining the

process for producing an alarm;

luminance

Fig. 20 is a sectional view showing a specified
form of the squeeze roller arrangement;
Fig. 21 is a plan view showing the squeeze roller

15  arrangement of Fig. 20;

Fig. 22 is an enlarged elevational view showing
the sgueeze roller included in the sgueeze roller

arrangement of Fig. 20;

Fig. 23 is a fragmentary sectional view showing a
20 modified form of the sgueeze roller arrangement;
Fig. 24 is a fragmentary plan view showing the
squeeze rollers used in the tube production machine;
Fig. 25 is a fragmentary elevational view showing .
tube production

the sgueeze rollers used in the
25 machine;

Fig. 26 is a graph of tube diameter versus sgueeze

roller diameter;

Fig. 27 is a graph of tube diameter versus V

throat angle;

30 Fig. 28 1s a perspective view showing a modified

form of the squeeze roller arrangement;
Fig. 29 is a plan view of the squeeze roller

arrangement of Fig. 28; and



19 and with a | ower value L3 (350 pixels) when the

characteristic feature is decreasing. No alarmis pr odu omthe
alarmunit 66 as long as the characteristic feature var I@FM@E’W’%;;
acceptable 5 range defined between the upper and | ower |im | Sp @S = mrmsaimmiis

I ndi cated by the curve Co of Fig. 19. If the characteripgtjic,feature is
out of the acceptabl e range, as indicated by the curve |C O;P 1F9. . ]

the i'nference
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to produce an alarmso as to indicate that the weldi ng !
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section 60 produces a command causing the dlarmunit 66

Fig. 30 is a sectional view of the squeeze roller
arrangement of Fig. 28.
DETAILED DESCRIPTION OF THE INVENTION

With reference to the drawings, and in particular
to Fig. 1, there is shown a schematic diagram of a
welding management apparatus embodying the invention.
Although the welding management apparatus will be
described in connection with a tube production machine
employing a high frequency induction welding unit, as
shown in Fig. 2, it is to be understood that the
invention is also applicable to other types of tube
production machine. The tube production machine,
generally designated by the numeral 10, employs forming
rollers arranged in a number of stages to form a
workpiece 1 fed from a roll of metal strip in a tubular
formation. A pair of squeeze rollers 13a and 13b are
positioned on the opposite sides of the workpiece 1 and
they provide an upsetting pressure to joint the
opposite side surfaces of the workpiece 1 at a jointing
point la just upstream of a point intermediate between
the squeeze rollers 13a and 13b, as best shown in Fig.
2. A heating coil 12 is positioned to surround the

workpiece 1 at a position upstream of the jointing.

point la. The heating coil 12 is supplied with a high
frequency power to produce a highly concentrated,
rapidly alternating magnetic field so as to induce an
electric potential in the workpi'ece 1. This electric
potential causes heating because of I?’-R losses at a
welding point just downstream of the jointing point la
where the opposite side surfaces 1b and 1c of the
workpi‘ece 1 are welded, as best shown in Fig. 2. The V-
shaped gap, which is defined near the jointing point la
by the opposite side surfaces 1b and 1c of the



condition is defective. The inference section 60 may -be- -arranged__

to infer a cause of the defective welding condition based &E{émg + the o
characteristic feature changing out of the 15 acceptable ranpejdefrned-

bet ween the upper and | ower limts. In this case, the infefe n
section 60 I ndicates the inferred cause on the display unit @ZR DEC %%
Referring to Figs. 21 to 23, there is il8ustrated a fourth lenbhadi nent

of the wel di ng managenent apparatus 20 of the invention. {In this o
enbodi nent, the tube production nmachine enploys a pair

rollers 70 each of which is a one-piece nenber having @#s...cylindrical

center portion 70 erp a ylLLngdrdc %@ portions 70c and
70d extendi ng 25 eggg lgP?yEfrggn %ﬁ Pred tg %é %V\grﬂ; aces of the
The heating COJ. 12 is powered from a high

frequency power source 20 through a power control
circuit 22. The welding heat under which the workpiece

5 1 is welded at the welding point la, this being
determined by the level of the power applied to the
heating coil 12, 1is determined from calculations
performed in a control unit 30. A camera 40 1is
positioned above the workpiece 1. The camera 40, which

10 may be of the type having an M x N array of CCD
elements, is directed to have a visual field VF
including the jointing (or welding) point la, as shown

in Fig. 3. Fig. 4 shows a welding condition which may
appear in the vidual field VF of the camera 40. In this

15 welding condition, the opposite side surfaces 1lb and 1c
are connected by melted metal 2 at a point Za upstream

of the jointing point la. The melted metal 2 moves
violently between the points la and 2a and it cannot
cover the whole area between the points la and 2c to

20 form an aperture 3 behind the melted metal 2. An arc
(referred to as pre—arc) occurs frequently at the point

- 2a. This welding condition results from an excessive
welding heat. Preferably, the camera 40 1is fixed .
certainly to suppress the movement of the vidual field

25 VF within 0.1 mm at maximum. Noise will be introduced
when the measuring point moves due to vibrations in the
camera 40. It is also preferable that the introduced

noise is less than 100 um.

The image (luminance level pattern) formed on the

30 CCD elements 1is scanned in a series of raster scan
lines and converted into a video signal S1 for
application to the image processing unit 50. It is to

be understood that the image formed on the CCD elements



cylindrical center portion 70a. The cylindrical end portions 70c and
70d have a di aneter sonmewhat shorter than the dianmeter Dlerr] of the

cylindrical center portion 70a. The cylindrical center IEDT APGRRT S
y : y IRELATEAT Si |

formed in 30 its side peripheral surface with an annul ar gn it
The squeeze rollers 70 are juxtaposed in parallel w th g¢ag¢h_ot her so as
to applying an appropriate upsetting ressure to the cu ved%ﬂﬁﬁ‘l&ﬁ@ 11
passi ng —
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has synthetical information on which various welding
conditions are reflected. The image processing unit 50
receives a video signal from the camera 40 and
digitally stores the inputted image. The stored image
A 1s represented by an M x N array of pixels. Each
pixel A(x,y) is assigned a value representation of its
intensity. The image processing unit 50 scans the
stored image A in a series of raster scan lines to
convert it into a black/white image B represented by an
array of pixels. Each pixel B(x,y) has a value of 0 or
1. B(x,y) = 0 represents a white pixel, while B(x,y) =
1 represents a black pixel. In order to avoid the
influence of the vapor and other disturbances near the
Jjointing point la, the image processing unit 51 may be
arranged to differentiate the signal obtained when the
stored image A is scanned in a series of raster scan
lines and to convert the differentiated signal into the
black/white image B. The image processing unit 50
counts the number of white pixels of the stored image
B and produces an electric signal S5 corresponding to
the counted white pixel number. The electric signal S5
represents the white area of the stored image B and,

thus, the intensity of the welding heat. The image .

processing unit 50 may be arranged to produce the
electric signal S5 by counting the number of white
pixels arranged to form a longitudinal center line on
the stored image. Preferably, the camera 40 has such a
resolving power that the number of the pixels forming
the white area (in this case pre-arc area) is 100 or
more.

The image processing unit 50 may include an
analog-to-digital converter (A/D) 52 which receives the
video signal S1 from the camera 40 and converts it into

]



20 t he space defined by the annul ar grooves 70b of the . ___

respective squeeze rollers 70. The squeeze rollers 70 are
separate roller holders 72 each of whi ch has upper and
arns 72a extending in 5 spaced-parallel relation to each othgr.
and |l ower rigid arnms 72a are fornmed near their ends with
holes 72b for receipt of the upper and |Dgwer end portion
The squeeze roller 70 is

digital form having 128 (0 to 127) tones. That is, the
luminance level (Cd/M?) taken for each of the M x N
array of CCD elements is <converted into. the
corresponding digital signal. The digital signal S2 is
5 applied from the A/D converter 52 to a first image
memory (MEM) 54 which digitally stores an image of the
visual field represented by an M x N array of pixels.
Each pixel is assigned a value representative of its
intensity (darkness). The stored image is scanned in a
10 series of raster scan lines to convert it into a
luminance (gray histogram) pattern. Fig. 5 shows one
example of such a luminance pattern obtained for the
welding condition described in connection with Fig. 4.
The first luminous area surrounded by the circle P1 has
15 the -highest luminance level and it corresponds to the
pre—-arc produced at the point 2a. The second luminous
area surrounded by the. circles. Bl and P2 has a
luminance level less than the first luminous area and
it corresponds to the workpiece portion surrounding the
20 pre-arc. In Fig. 5, the letter G indicates the center
of gravity of the first luminous area surrounded by the
circle P1.
The 1image processing unit 50 also includes a
second image memory- (MEM) 56 which stores reference
25 luminance patterns. The digital computer (CPU) 58 makes
a determination as to whether or not the welding
condition is appropriate by comparing the luminance
pattern S3 transferred thereto from the first image
memory 54 with the reference image patterns S4
30 successively transferred thereinto from the second
image memory 56. For this purpose, the digital computer
58 may be arranged to compare the first luminous area
surrounded by the circle P1 with the corresponding area



supported rotatably between the upper and | ower arns 10 72a with its

upper and | ower end portions 70b and 70c I nserted, in PECE gi T
hol es 72b. The roller hol ders 72 are bolted on respec E@A@\@ 224
mount ed for sliding novenent on a roller stand (not shoyn). i
conventional sliding nechanism for exanple, of the 15 typ -|3n1:bgqna%a
screw rod 76, is provided to nove the 11 sliders 74 toward and away from| °
each other so as to adj ust the distance between the sqyeéze—Ttotters 70
and thus the upsetting pressure applied to the workpi ede 1. Thi s

arrangenent can reduce the size of the squeeze 20 rollers 70 w thout any

reduction in thafr eatbhebgt bhel Feferehbe lrhlﬁiﬁﬁé,pm%&*r@ e e FHiase the

|l I to th duct t hout terf
o the squedtBipapeorEeroSHEERAAES MiuCHPoR GGIE T Sotdesponds ' o1

to the area of the pre-arc produced at the point Zc and
it corresponds to the intensity of the welding heat.

5 Alternatively, the digital computer 58 may be arranged
to compare the longitudinal length of the first
luminous area surrounded by the circle P1 with the
corresponding length of each of the reference luminance
patterns. The longitudinal length of the first luminous

10 area surrounded by the circle P1 corresponds to the
length of the melted metal 2 and it corresponds to the
intensity of the welding heat. The digital computer 58
produces a decision signal S5 indicative of the result
of the comparison made in the image processing unit 50.

15 The decision signal S5 is fed from the image processing
unit 50 to the control unit 30.

The control unit 30 includes a correction factor
calculating circuit (COR) 32, a signal converter
c.ircui!_: _(C_ON) 34 and a signal control circuit (Sscc) 36.

20  The correction factor calculating circuit 32 receives
the decision signal S5 from the digital computer 58 and
a welding condition signal S9 and It calculates a
correction factor based upon the received signals S5 |
and S59. The welding condition signal S9 may a sensor

25 signal indicative of at least one of the measured
values of high frequency power, high frequency
impedance, welding rate, workpiece width, workpiece
thickness, workpiece resistance, and the like
parameters having an influence on the welding guality.

30 The correction factor calculating circuit 32 produces
a signal S6. indicating the calculated correction
factor. The signal S6 is fed from the correction factor
calculating circuit 32 to the signal converter circuit



to inprove the welding heat efficiency. It is also 25 possible _to produce
smal | -di aneter tubes having a di anmeter of 8 nm or |esgmj rAGE\gE‘@Tt%E’i

conventi onal apparatus cannot be used. It is preferable Aot

i nduction heating of the squeeze rollers 70 by making thels ueezE 4
rollers of an insulating material such as 30 ceramcs. It isja sbbE 199
preferable to provide bushes 78 for X&aring the squeezejrollers 70, . .as
shown in Fig. 23. The bushes 78 nay be nade of special bearing netal

or the like.

34 which converts it into an electric signal S7. The
electric signal S7 is applied to the signal control
circuit 36 which compares it with a power setting
reference signal S0 to prodizce a control signal S8

5 causing the power control circuit 22 to control the
high frequency power to the heating coil 12.

The welding management apparatus also includes an
inference section 60 and a monitor section 62. The
monitor section 62 includes display and alarm units 64

10 and 66 connected to the inference section 60. The
inference section 60 receives the signals S5 and 59 and
infers the welding condition. The inference section 60
may ba arranged to wutilize the area, length,
circumference, inclination angle of the first luminous

15 area obtained by the digital computer 58 to infer the
welding condition. The inferred welding condition is
presented on the display unit 64. The alarm unit 66
operates to provide an audible indication when the
inferred welding condition is defective.

20 The image processing unit 50 may be ari'anged to
process the Inputted image so as to provide an oval
area Ao eguivalent to the first luminous area Ap
corresponding to the pre-arc, as shown in Fig. 6. The
image processing unit 50 extracts at least one of

25 characteristic features including the area of the
equivalent oval area Ao, the length a of the major axis
of the eguivalent oval area Ao, the length b of the
minor axis of the equivalent oval area Ao, the angle 6
of inclination of the equivalent oval area Ao, the

30 position of the gravity center of the equivalent oval
area Ao, the length of the circumference of the
egquivalent oval area Ao, etc. The area of the
equivalent oval area Ao corresponds to the magnitude of



21 Referring to Figs. 24 and 25, a small-dianeter......_tube is
produced while the curved workpi ece 1 passes bet ween t heREPJUBERBENT SHEE! .
rollers 70. It is now assuned that t he squeeze rollers *V%E%E“ﬁ”ﬁ SHEE! :
maxi nrum di amet-er D.err]~and 5 the small-di aneter tube has ajdia

et DECos

I f the squeeze rol ler diameter Dlerr]’increases, the di$t
13

the heat (welding heat) inputted to the workpiece 1.
For example, the number of the pixels forming the first
luminous area Ao was 146 when the inputted heat is at
its lower limit and was 950 when the input heat is at

5 its upper limit. The angle 8 of inclination of the
equivalent oval area Ao may be used to determine
whether the workpiece is formed well symmetrically. The
position of the gravity center of the eguivalent oval
area Ao corresponds to the angle of the V throat

10 defined by the oppésite side surfaces 1b and lc of the
workpiece 1. These characteristic features are
presented on the display unit 64. The inference section
60 receives the extracted characteristic feature from
the image processing unit 50 and compares the received

- 15 characteristic feature with upper and lower limits. If
the received characteristic feature is out of the range
defined by the upper and lower limits, the inference
section 60 produces a command causing the alarm unit 66
to produce an audible indication. .

20 It is now assumed that the characteristic feature
is the position of the gravity center of the equivalent
oval area Ao. The inference section 60 compares this
characteristic feature hysteretically with a higher
value L2 (100 pixels) of the lower limit when the

25 characteristic feature is increasing and with a lower
value L1 (80 pixels)- of the lower 1limit when the
characteristic feature is decreasing, as shown in Fig.
7. Similarly, the inference section 60 compares the
characteristic feature hysteretically with a higher

30 value L4 (400 pixels) when the characteristic feature
is increasing and with a lower value L3 (350 pixels)
when the characteristic feature is decreasing. No alarm
is produced from the alarm unit 66 as long as the



of the induction coil 12 fromthe wel ding point 1la I nternedi ate

bet ween the squeeze rollers 70 should be I ncreased toﬁf‘@'ﬁw‘@ E
interference of the squeeze 10 roller 70 with the inducti

greater the

path extending fromthe induction passage 12 to the we dldb1dhEQ'96a
the ratio of the current 14 flowing to the welding point la

As a result,

distance [err] the greater the resistance pf}{ the electric

to the current 15 circulating through the workpiece 1 injthe direction of '

the circunference of the curved workpiece 1 increases. L

t he wel di ng heat produced at the welding point la decreases for the

same pover appligfaf-g EBP;sttc f@%ﬁ?fé”&é%ﬁéslggthﬁna- bd | QReeli8) e

wor kpiece 1 is 20 softened

at conduct over e entite area of

t he wor kpi ece soféRge @ﬁglveghﬁﬁ5we@§nﬁ&?lﬂ?ﬂﬁfrﬁ%ﬁr%ﬁﬁer limits, as
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indicated by the curve Co of Fig. 7. If the
characteristic feature is out of the acceptable range,
as indicated by the curve C1 of Fig. 7, the inference
section 60 produces a command causing the alarm unit 66
to produce an alarm so as to indicate that the welding
condition is defective.

The inference.section 60 may be arranged to infer
a cause of the defective welding condition based upon
the characteristic feature changing out of the
acceptable range defined between the upper and lower
limits. In this case, the inference section 60
indicates the inferred cause on the display unit 64.

" The invention is also applicable to another type
of welding machine as shown in Fig. 8. This welding
machine includes a pair of contacts 14a and 14b placed
in contact with the workpiece 1 on the opposite sides
of a line along which welding is required. The contacts
14a and 14b are supplied with a high fregquency power to
produce an electric potential in the workpiece 1. This
electric potential causes heating because of I’R losses
at the jointing point 1la where the opposite side
surfaces 1b and lc of the workpiece 1 are welded.

Referring to Figs. 9 and 10, there is illustrated
a second embodiment of the welding management apparatus

"of the invention. The second embodiment @ is

substantially the same as the first embodiment except
for a masking member 42 provided in front of the camera
40 to mask the workpiece portion downstream of the
welding point la. With the use of the masking member
42, the luminous area corresponding to the heated
portion of the workpiece 1 is divided into two portions
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gle [err]. The inventors have discovered an
of the squeeze roller dianeter Der] fromtests
o change the squeeze roller dianeter Dierr] for
g various wdths ranging from1ll mmto ?§;ﬁfh“§ﬁﬁﬁﬂﬁgi'
okl =1°% e

strated in Fig. 26. As ..can be seen fromijth e

referabl e that the sybeeze roller dianetier err in
e range defined by first and second |ines L3l %‘e&éﬁ%@f’ :
Lal is presented as 5.5 x Dp and the sedond line Lbl is.

x Dp. Assum ng now t hat the tube di anetler s 6.35

4a and 4b, as shown in Fig. 11. Fig. 12 shows -one
example of a luminance pattern obtained for the welding
condition shown in Fig. 11. The area Pl corresponds to
the area 4a of Fig. 11 and the area P2 corresponds to
the area 4b of Fig. 11. The letter Gl indicates the
center of gravity of the area 4a and the letter G2
indicates the center of gravity of the area 4b.

In this embodiment, the image processing unit 50
is arranged to process the inputted image so as to
provide a trapezoid area AT1 eguivalent to the area 4a
and a trapezoid area AT2Z equivalent to the area 4b, as
shown in Fig. 13. The image processing unit 50 extracts
the areas Al and A2 of the respective trapezoid areas
AT1 and AT2, the lengths al and a2 of the major axes of
the respective trapezbid areas ATl and AT2, the lengths
bl and b2 of the minor axes of the respective trapezoid
areas AT1 and AT2, the positions G1 and G2 of the
gravity centers of the respective trapezoid areas ATI1
and AT2, and the angles 81 and 82 of inclination of the
respective trapezoid areas ATl and AT2. The image
processing unit 50 superimposes at least one of
characteristic features calculated as (Al + A2)/2, (Al
- A2)/(A1 + A2)*7, (61 + G2)/2, l61 - G2l /(61 x 62}/,
and (/61! - lez2l)/(61 x 62)/? on the signal S5. The
characteristic feature (A1 + A2)/2 corresponds to the
magnitude of the welding heat, the thickness of the
workpiece 1 and the workpiece feeding speed. The
characteristic feature (A1 - A2)/(A1 + A2)¥?
corresponds to the degree to which the tubular
formation of the workpiece 1 is |balanced. The
characteristic feature (G1 + G2)/2 corresponds to the
upsetting pressure and the width of the workpiece 1.
The characteristic feature [G61 - G2//(61 x Gz2)/*?
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Derr]

extends from15.9 mMmto 32.9 nm Assum ng now that the =~} '?é B iy
Dp is 4 mm the acceptable range of. the squeeze roll eR’z‘J ggg%ﬁ it d
extends from10.1 nmto
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corresponds to the workpiece forming condition. The
characteristic feature (/61 - [62/)/(61 x 62}
corresponds to the workpiece forming stability,
workpiece thickness change and the degree to which the
rollers are worn.

It is now assumed that the characteristic feature
is the position of the gravity center of the egquivalent
area. The inference section 60 compares this
charactez;istic feature hysteretically with a higher
value L2 (400 pixels) of an upper 1limit when the
characteristic feature is increasing and with a lower
value L1 (350 pixels) of the uppér limit when the
characteristic feature is decreasing, as shown in Fig.
14. No alarm is produced from the alarm unit 66 as long
as the characteristic feature varies below the upper
limit, as indicated by the curve Co of Fig. 14. If the
characteristic feature exceeds the upper 1limit, as

indicated by the curve Cl1 of Fig. 14. the inference

section 60 produces a command causing the alarm unit 66
to produce an alarm so as to indicate that the welding
condition is defective. The inference section 60 may be
arranged to infer a cause of the defective welding

condition based upon the characteristic feature

changing out of the acceptable range defined by the
upper limit. In this case, the inference section 60
indicates the inferred cause on the display unit 64.
Referring to Figs. 15 and 16, there is illustrated
a third embodiment of the welding management apparatus
of the invention. The third embodiment is substantially
the same as the first embodiment except for a masking
member 44 provided in front of the camera 40. The

masking member 44 has a rectangular transparent window

44a. The transparent window 44a has parallel lines V1-




520.8 mm If the squeeze roller dianeter Derr] is greater t han t he
accept abl e range, the distance [err] is too |ong. If ther squeeze
roller diameter Dlerr] is less than the accept abl e range, Fithe squeeze:.

rollers 70 will have an i nsufficient strength agai nst th@ Ireaction
force 10. produced in response to an upsetting pressure appli 3 1 DEO 17%Me
wor kpi ece 1. A seam gui de 80 i¥7 pl aced between the jpposite

side surfaces Ib and 1c of the workpiece 1 to increase thhe-amgtre 1erT]
of the Vthroat so as to shorten the 15 distance Lsg. The |inventors

have di scovered an acceptabl e range of the V throat angle [err] from

tests conduc%fd v9-phafee vheyy wra%aggbfdw{]rhépa WF?P' 8688

havi ng vari ous w dths ranging from 11 mmt results
are illustrated i$SFitfe Fremo% fhepdragenarent window 44a, into three

zones V, E and F, as best shown in Fig. 17. These lines
extend over the full length of the width of the
5 transparent window 1in a direction normal to the
workpiece feeding direction A, as best shown in Fig.
17. The line V1-V2 extends through the jointing point
la of the workpiece 1. The V zone ({(center 2zone) is
defined between the line V3-V4 and the line V5~V6. The
10 E zone, which is defined between the line V3-V4 and the
window edge line E1-E2, is positioned on the downstream
side of the V zone. The F zone, which is defined
between the line V5-V6 and the window edge line Fl1-F2,
is positioned on the upstream side of the V zone. The
15 line C1-C2 extends through the jointing point la in the
workpiece feeding direction. One of the workpiece side
surfaces is indicated by the line C1-Bl extending at an
angle 61 with respect to the line C1-C2. The other
workpiece side surface is indicated by the line Cl1-Bl1
20 extending at an angle 82 with respect to the line Ci-
C2. With the use of the masking member 44, the luminous
area corresponding to the heated portion of the
workpiece 1 .is divided into three zones. Fig. 18 shows
cone example of luminance distribution patterns obtained
25 for the welding condition shown in Fig. 17. The
luminance distribution pattern including areas P11 and
pl2 correspond to the F zone of Fig. 17, the luminance
distribution pattern including an area P20 corresponds
to the V 2zone of Fig. 17, and the luminance
30 distribution pattern including an area P30 corresponds
to the E zone of Fig. 17.
In this embodiment, the image processing unit 50
is arranged to extract at least one of the following



20 fromthe test results, it is preferable that the V w angl e-.—...
[err] be in an acceptabl e range defined by first and
and Lb2. The first line La2 is presented as 1.5 x Dpland t es
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line Lb2 is presented as 0.6 x Dp. Assuming now that {the 3 qlg

dianeter Dp is 6.35 mm the acceptable range of the V hr oat ang?%
[err] extends from4.06[err] to 8.83[errd8 Assum ng 0

dianmeter Dp is 4 mm the acceptable range of the V throat angle [err] ]
extends from2.56[err] to 5.56[err]. If the V throat angle [errf——Ts

greater than the 30 accept abl e range, the winkles or defornations occur

on

t he oppo

shagagteristicadeéatusesid 1c of the wor kpi ece 1. If
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ones, the position of the gravity
center of the luminous area of the sum of the F, V and
E zones, the length of the circumference of the
luminous area of the sum of the F, V and E zones. These
characteristic features correspond to the inputted
{(welding) heat. .

(2) The angle 81 and 82 of the lines B1-C1 and B2-
C1 with respect to the line C1-C2. To obtain the lines
B1-Cl1 and B2-C1, the image in the area V5-V6-F2-Fl1 may
be differentiated. The areas Al and A2 of the luminous
areas 4a and 4b. These characteristic features
correspond to the degree to which the workpiece
formation is balanced and the angle of the V throat.

(3) The position of the gravity center of the area
V3-V4~V6-V5. This characteristic feature corresponds to
the magnitude of the upsetting pressure.

(4) <The image 1iIn the area EI1-EZ2-V4-V3 Iis
differentiated to determine the presence of slits. If
slits are produced frequency, it will mean that the
Inputted (welding) heat is excessive.

It is now assumed that the characteristic feature
is the position of the gravity center. The inference
section 60 compa}es this characteristic feature
hysteretically with a higher value L2 (100 pixels) of
the lower 1limit when the characteristic feature 1is
increasing and with a lower value L1 (80 pixels) of the
lower 1imit when the characteristic feature is
decreasing, as shown in Fig. 19. Similarly, the
inference section 60 compares the characteristic
feature hysteretically with a higher value L4 (400
pixels) when the characteristic feature is increasing
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and with a lower value L3 (350 pixels) when the
characteristic feature 1Is decreasing. No alarm is
produced from the alarm unit 66 as long as the
characteristic feature varies within the acceptable
range defined between the upper and lower limits, as
indicated by the curve Co of Fig. 19. If the
characteristic feature is out of the acceptable range,
as indicated by the curve C1 of Fig. 19, the inference
section 60 produces a command causing the alarm unit 66
to produce an alarm so as to indicate that the welding
condition is defective.

. .Tbé‘:ihference section 60 .may be arranged to infer
a cause of the defective welding condition based upon
the characteristic feature. changing out of the
acceptable range defined between the upper and lower
limits. In this case, the inference section 60
Indicates the inferred cause on the display unit 64.

Referring to Figs. 21 to 23, there is illustrated
a fourth embodiment of the welding management apparatus
of the invention. 1In this embodiment, the tube
production machine employs a pair of squeeze rollers 70
each of which is a one-piece member having a
cylindrical center portion 70a and upper and lower
cylindrical end portions 70c and 70d extending'
coaxially from the upper and lower surfaces of the
cylindrical center portion 70a. The cylindrical end
portions 70c and 70d have a diameter somewhat shorter
than the diameter Dg, of the cylindrical center portion
70a. The cylindrical center portion 70a is formed in
its side peripheral surface with an annular groove 70b.

The squeeze rollers 70 are juxtaposed in parallel

with each other so as to applying an appropriate
upsetting pressure to the curved workpiece 1 passing
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a fifth enbodi nent of the wel di ng nanagenent appar at us
i nvention. In this enbodi nent, the squeeze 5 rollers 70

cassette hol der 80. The cassette hol der 80 includes

and an upper nenber 80b fixed on the | ower nenber 80 toO%quSr%C.m a
box- shaped hol der. The upper and | ower nenbers 80a and 8 a fo#he
near their centers with a pair of 10 co#kial holes 80c fof peceipt-of.th
upper and | ower end portions 70c and 70d. The squeeze foller 70 is
supported rota tably between the upper and | ower nenbers L—88a—eant—801r
with its upper and | ower end portions 70b and 70c inserted in the

respective hol es thec splite Idefimadebye thel damiflar sgfoowess omop roof | eie st and
e oy RbbRe e Sl Fo e 2R P Gudd SRl 70 1
are supported on separate roller holders 72 each of
which has upper and lower rigid arms 72a extending in
5 spaced-parallel relation to each other. The upper and
lower rigid arms 72a are formed near their ends with
coaxial holes 72b for receipt of the upper and lower
end portions 70c and 70d. The squeeze roller 70 1is
supported rotatably between the upper and lower arms
10 72a with its upper and lower end portions 70b and 70c
inserted. in the respective holes 72b. The roller
holders 72 are bolted on respective sliders 74 mounted
for sliding movement on a roller stand (not shown). A
conventional sliding mechanism, for example, of the
15 type-'including a screw rod 76, is provided to move the
sliders 74 toward and away from each other so as to
adjust the distance between the sgqueeze rollers 70 and
thus the upsetting pressure applied to the workpiece 1.
This arrangement can reduce the size of the sgueeze
20 rollers 70 without any reduction in their strength. It
is, therefore, possible to place the squeeze rollers 70
closer to the induction coil 12 without interference of
the squeeze rollers 70 with the induction coil 12 so as |
to improve the welding heat efficiency. It is also
25 possible to produce small-diameter tubes having a
diameter of 8 mm or less for which the conventional
apparatus cannot be used. It is preferable to avoid
induction heating of the squeeze rollers 70 by making
the squeeze rollers of an insulating material such as
30 ceramics. It 1is also preferable to provide bushes 78
for bearing the sgqueeze rollers 70, as shown in Fig.
23. The bushes 78 may be made of special bearing metal
or the like.




di stance between the squeeze rollers 70 are fixed at a predet er m ned
appropriate value. The nuneral 88 20 designates a cut ofREfjotitdeiiii yHig: |
upper menber 80a i ntermedi ate between the holes 80c. The gutout--88-Ts
effective to nonitor the welding point |a therethrough ang SS 8
spatters therethrough., Thi s arrangenment can reducejtpe sfgg 3?9(1 he
25 squeeze rollers 70 without any reddtion in their 5t tength. L is,
therefore, possible to place the squeeze rollers 70 clofer to the

i nduction coil 12 wi thout interference of the squeeze rbHers—+F0—wtfr—--

the i nduction coil 12 so as to inprove the welding heat 30 efficiency.
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between the squeeze rollers 70. It is now assumed that
the sgueeze rollers 70 has a maximum diameter Dg, and
the small-diameter tube has a diameter Dp. If the
squeeze roller diameter Dg, increases, the distance ¢,
of the induction coil 12 from the welding point la
intermediate between the squeeze rollers 70 should be
increased to avoid the interference of the squeeze
roller 70 with the induction coil 12. The greater the
distancge !, the greater the resistance of the electric
path exténding from the -induction passage 12 to the
welding point la. As a result, the ratio of the current
flowing to the welding point 1a to the current
circulating through the workpiece 1 in the direction of
the circumference of the curved workpiece 1 increases.
Consequently, the welding heat produced at the welding
point la decreases for the same power applied to the
induction coil 12. In addition, the workpiece 1 is
softened by the heat conducted over the entire area of
the workpiece so that the V throat cannot be maintained
at a constant angle 8.

The inventors have discovered an acceptable range
of the squeeze roller diameter Dy, from tests conducted
to <change the sgueeze roller diameter Dy, for
workpieces having various widths ranging from 11 mm to
25 mm. The test results are illustrated in Fig. 26. As
can be seen from the test results, it is preferable
that the sgueeze roller diameter D, be in an
acceptable range defined by first and second lines Lal
and Lbil. The- first line Lal is presented as 5.5 x Dp
and the second line Lbl is presented as 2.5 x Dp.
Assuming now that the tube diameter Dp is 6.35 mm, the
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acceptable range of the squeeze roller diameter Dgy,
extends from 15.9 mm to 32.9 mm. Assuming now that the
tube diameter Dp is 4 mm, the acceptable range of. the
squeeze roller diameter Dy, extends from 10.1 mm to
20.8 mm. If the squeeze roller diameter Dg, is greater
than the acceptable range, the distance ¢, is too long.
If the squeeze roller diameter Dg, is less than the
acceptable range, the squeeze rollers 70 will have an
insufficient strength against the reaction force
produced in response to an upsetting pressure applied
to the"rwb_rkpiece 1.

A seam guide 80 is placed between the opposite
side surfaces 1b and 1c of the workpiece 1 to increase
the angle 8 of the V throat so as to shorten the
distance Lsg. The inventors have discovered an
acceptable range of the V throat angle 8 from tests
conducted to change the V throat angle § for workpieces
having various widths ranging from 11 mm to 25 mm. The
test results are illustrated in Fig. 27. As can be seen
from the test results, it is preferable that the V
throat angle 6 be in an acceptable range defined by
first and second lines LaZ and Lb2. The first line LaZ2
is presented as 1.5 x Dp and the second line Lb2 1is
presented as 0.6 x Dp. Assuming now that the tube
diameter Dp is 6.35 mm, the acceptable range of the V
throat angle 8 extends from 4.06° to 8.83°. Assuming
now that the tube diameter Dp is 4 mm, the acceptable
range of the V throat angle 8 extends from 2.56° to
5.56°. If the V throat angle 8 is greater than the
acceptable range, the wrinkles or deformations occur on
the opposite-side surfaces 1b and lc of the workpiece
1. If the V throat angle & is less than the acceptable
range, pre—arc occurs in the V throat of the workpiece



evident that many alternatives, nodifications and variations wll be
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| .
1 to degrade the welding quality. '
Referring to Figs. 28 to 30, there is illustrated
a fifth embodiment of the welding management apparatus
of the invention. In this embodiment, the sgueeze
5 rollers 70 are supported in a cassette holder 80. The
cassette holder 80 includes a lower member 80a and an
upper member 80b fixed on the lower member 80a to form
a box~shaped holder. The upper and lower members 80a
and 80b are formed near their centers with a pair of
10 coaxial holes 80c for receipt of the upper and lower
end portions 70c and 70d. The sgueeze roller 70 is
supported.rotatably between the upper and lower members
80a and 80b with its upper and lower end portions 70b
and 70c inserted in the respective holes 80c. The
15 cassette holder 80 is fixed on a roller stand by means
of bolts 86 extending through bolts holes 82 formed in
the upper and lower members 80a and 80b. Thus, the
distance between the sgueeze rollers 70 are fixed at a
- predetermined appropriate value. The numeral &8
20 designates a cutout formed in the upper member 80a
intermediate between the holes 80c. The cutout 88 is
effective to monitor the welding point la therethrough
and escape spatters therethrough.
This arrangement can reduce the size of the
25 squeeze rollers 70 without any reduction in their
strength. It is, therefore, possible to place the
sgueeze rollers 70 closer to the induction coil 12
without interference of the squeeze rollers 70 with the
Iinduction coil 12 so as to improve the welding heat
30 efficiency. It is also possible to produce small-
diameter tubes having a diameter of 8 mm or less for
which the conventional apparatus cannot be used.
While the Jinvention has been described in




WHAT |'S CLAIMED I S: 1. A wel di ng nanagenent appar at u%‘uﬁ!wu.sﬁ,,w th.a

t ube production machine including first nmeans for for

wor kpi ece fed froma roll of nmetal strip in a tubular 5 forn%i,l @@%ng
side surfaces opposite to each other, second nmeans for i g an :
upsetting pressure to joint the opposite side surfacesi ol Mor-kpi-ece |
at a jointing point, and third nmean4 or supplying a high frw_’-
power- to the workpiece to weld the opposite 10 side surfa '
jointing point so as to produce a metal tube nenber, the wel ding

managenent appar at us conpri si ng:
conjunction with specific embodiments thereof, it is

evident that many alternatives, modifications and
variations will be apparent to those skilled in the
art. Accordingly, it is intended to embrace all

5 alternatives, modifications and variations that fall
within the scope of the appended claims.
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i mge proces rting the video signal Into a lfui nance
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1. A welding management apparatus for use with a tube
production machine including first means for forming a
workpiece fed from a roll of metal strip in a tubular
formation having side surfaces opposite to each other,
second means for providing an upsetting pressure to
joint the opposite side surfaces of the workpiece at a
jointing point, and third means for supplying a high
frequency power to the workpiece to weld the opposite
side surfaces at the jointing point so as to produce a
metal tube member, the welding management apparatus
comprising:

a camera positioned to have a visual field
including the jointing point for producing a video
signal indicative of an image including an area
luminous with a pre—arc produced in the visual field;

an image processor for converting the video signal
into a luminance distribution pattern; and

an inference unit for inferring a defective
welding condition based upon the luminance distribution
pattern, the Iinference unit including means for
producing an alarm when a defective welding condition
is inferred.

2. The welding management apparatus as claimed in
claim 1, wherein the image processor includes means for
extracting at least one of characteristic features of
the luminance distribution pattern, and wherein the
inference unit includes means for producing an alarm
when the extracted characteristic feature is out of an
acceptable range.

3. The welding management apparatus as claimed in



extracting at |east one of characteristic features of the | um nance
distribution pattern, and wherein the i nference unit ind (AT 19T
produci ng an_al ar he extracted characteristic fe
rat ys
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claim 2, further comprising means for inferring a cause
of the defective welding condition based upon the
characteristic feature changing out of the acceptable
range.

4. The welding management apparatus as claimed in
claim 3, wherein the image processor includes means for
producing an oval area equivalent to the luminous area,
and wherein the characteristic feature include one of

10 the area of the equivalent oval area, the length of the
major axis of the equivalent oval area, the length of
the minor axis of the equivalent oval area, the
position of the gravity center of the eguivalent oval
area, the length of the circumference of the equivalent

15 oval’ area, and the angle of inclination of the
equivalent oval area.

5. The welding management apparatus as claimed in
claim 2, wherein the image processor includes means for

20  producing an oval area equivalent to the luminous area,
and wherein the characteristic feature include one of
the area of the equivalent oval area, the length of the
major axis of the equivalent oval area, the length of
the minor axis of the eguivalent oval area, the

25 position of the gravity center of the eguivalent oval
area, the length of the circumference of the equivalent
oval area, and the angle of inclination of the
equivalent oval area.

30 6. The welding management apparatus as claimed in
claim 1, further comprising means for making a
comparison of the luminance pattern with at least one
reference pattern, and means for controlling the third
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and wherein the chdfacteristic featur

means to adjust the high freguency power based upon the
comparison.

7. A welding management apparatus for use with a tube
production machine including first means for forming a
workpiece fed from a roll of metal strip in a tubular
formation having side surfaces opposite to each other,
second means for providing an upsetting pressure to
joint the opposite side surfaces of the workpiece at a
jointing point, and third means for supplying a high
frequency power to the workpiece to weld the opposite
side surfaces at the jointing point so as to produce a
metal tube member, the welding management apparatus
comprising:

"a camera positioned to have a visual field
including the jointing point for producing a video
signal indicative of an image including an area
luminous with heat produced in the visual 'field;

a masking member placed in front of the camera for
partially masking the visual field from the camera to
divide the luminous area into first and second sections
corresponding to the respective side surfaces of the
workpiece; '

an image processor for converting the video signal

fed from the camera into a luminance distribution
pattern; and

an linference unit for 1inferring a defective
welding condition based upon the luminance distribution
pattern.

8. The welding management apparatus as claimed in
claim 7, wherein the inference unit includes means for
producing an alarm when a defective welding condition
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9. The welding management apparatus as claimed in
claim 8, wherein the image processor includes means for

5 extracting at least one of characteristic features of
the luminance distribution pattern, and wherein the
inference unit includes means for producing an alarm
when the extracted characteristic feature is out of an
acceptable range.

10
10. The welding management apparatus as claimed in
claim 9, further comprising means for inferring a cause
of the defective welding condition based upon the
characteristic feature changing out of the acceptable

i5 range.

11. The. welding management apparatus as claimed in
claim 7,‘ further comprising means for making a
comparison of the luminance pattern with at least one

20 reference pattern, and means for controlling the third
means to adjust the high frequency power based upon the
comparison.

12. A welding management apparatus for use with a tube
25  production machine including first means for forming a
workpiece fed from a roll of metal strip in a tubular
formation having side surfaces opposite to each other,
second means for providing an upsetting pressure to
Jjoint the opposite side surfaces of the workpiece at a
30 jointing point, and third means for supplying a high
frequency power to the workpiece to weld the opposite
side surfaces at the jointing point so as to produce a
metal tube member, the welding management apparatus
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comprising:

a camera positioned to have a visual field
including the jointing point for producing a video
signal 1indicative of an image Iincluding an area
luminous with heat produced in the visual field;

a masking member placed in front of the camera,
the masking member having a transparent window having
lines extending in spaced-parallel relation to each
other. ip a. direction substantially normal to a
direction of movement of the workpiece for dividing the
visual field into a plurality of zones;

an image processor for converting the video signal
fed from the camera into luminance distribution
patterns corresponding to the respective zones; and

--an inference unit for inferring a defective
welding condition based upon the luminance distribution
patterns.

13. The welding management apparatus as claimed in
claim 12, wherein the inference unit includes means for
preducing an alarm when a defective welding condition
is inferred.

14. The welding management apparatus as claimed in

claim 13, wherein the image processor includes means
for extracting at least one of characteristic features
of the respective luminance distribution patterns, and
wherein the inference unit includes means for producing
an alarm when the extracted characteristic feature is
out of an acceptable range.

15. The welding management apparatus as claimed in
claim 14, further comprising means for inferring a
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cause of the defective welding condition based upon the
characteristic feature changing out of the acceptable
range.

16. The welding management apparatus as claimed in
claim 12, further comprising means for making a
comparison of at least one of the luminance patterns
with at least one reference pattern, and means for
controlling the third means to adjust the high
frequency power based upon the comparison.

17. A tube production machine comprising medns for
forming a workpiece fed from a roll of metal strip in
a tubular formation having side surfaces opposite to
each other, a pair of squeeze rollers for providing an
upsetting pressure to joint the opposite side surfaces
of the workpiece at a jointing point, each of the
squeeze rollers being a one-piece member having a
cylindrical center portion, and upper and lower
cylindrical end portions extending coaxially from the
center portion, the center portion being formed in a
side peripheral surface with an annular groove to
define a path for the workpiece along with the annular
groove of the other sgqueeze roller, a roller holder for
bearing each of the sgueeze rollers at the end portions
thereof, and means for supplying a high frequency power
to the workpiece to weld the opposite side surfaces at
the jointing point so as to produce a metal tube
member.

18. ZThe tube production machine as claimed in claim
17, wherein the roller holder includes first and second
sections for bearing the respective squeeze rollers,
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the squeeze rollers at an adjustable distance.

19. The tube production machine as claimed in claim
17, where the roller holder is a single member for
supporting the sgueeze rollers at a predetermined
distance.

20. The tube production machine as claimed in claim
17, wherein the squeeze rollers have a diameter set
within a ranée defined by first and second lines, the
first line being presented as 5.5 x Dp, the second line
being presented as 2.5 x Dp where Dp is the diameter of
the -tube to be produced.

21. The tube production machine as claimed in claim
17, wherein the opposite side surfaces makes an angle
set within a range defined by first and second lines,
the first line being presented as 1.5 x Dp, the second
line being presented as 0.6 x Dp where Dp is the
diameter of the tube to be produced.

22. The tube production machine as claimed in claim
21, wherein the squeeze rollers have a diameter set
within a range defined by third and fourth lines, the
third line being presented as 5.5 x Dp, the fourth line
being presented as 2.5 x Dp where Dp is the diameter of
the tube to be produced.

ViR

"
i
|
{
i
H



divide the lum nous area into first and second sections correspondi ng

to the respective side surfaces of the wor kpi ece;

processor for converting the video signal 25 fed from th%ﬁﬂﬁ{f@rﬁ;ﬁf'%iﬁfﬁf
NC f

| um nance distribution pattern; and . an i nf er epcg==tmi-t=—10r
inferring a defective wel di ng conditi on based upon thej!l ym
pattern. 30 8. ¥he wel di ng manageneht agpmhﬁggﬁgyéas

di stribution
clainmed in

produci ng an al arm when a defective welding condition

10

15

20

claim7, wherein the inference unit include$ ans..f.or

WELDING MANAGEMENT APPARATUS mm———

ABSTRACT OF THE DISCLOSURE _

A welding management apparatus for use with a tube
production machine. A workpiece fed from a roll of
metal strip is formed in a tubular formation having
side surfaces opposite to each other. An upsetting
pressure is applied to joint the opposite side surfaces
of the workpiece at a jointing point. A high fregquency
power is supplied to the workpiece to weld the opposite
side surfaces at the jointing point so as to produce a
metal tube member. The welding management apparatus
comprises a camera positioned to have a visual field
including the jointing point for producing a video
signal indicative of an image including an area
luminous with a pre-arc produced in the visual field.
An image processor converts the video signal into a
luminance distribution pattern. An inference unit 1is
provided for inferring a defective welding condition
based upon the luminance distribution pattern. The
inference unit includes an alarm unit for producing an
alarm when a defective welding condition is inferred.

FIGURE 1
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clainmed in

I's inferred. 9.

FIG.1

The wel di ng managenent apparatus as
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claim8, wherein the imge processor includes neans for- 5 extracting at

| east one of characteristic features of t he | um nance = e
pattern, and wherein the i nference unit includes neans \WB§HEL3§
an al arm when the extracted characteristic feature is outfof an ;
accept abl e range. 10 10. The wel di ng managenent appar atjus aglpﬁgtqgg :
in claim9, further conprising neads for inferring a caus of the
defective wel ding condition based upon the charact eri st} chfpatt+e
changi ng out of the acceptable 15 range. 11. The wel gi ng managenent

apparatus as clainmed in

il 130




claim 7, further conprising neans for making a son. of. BT
the lum nance pattern with at |east one 20 reference pattwﬁﬁi»ﬁéa gntl

|
for controlling the third nmeans to adjust the high freqliency power ‘
based upon the conpari son. 12. A wel di ng nanaggnmgnty fpgay908s
for use with a tube 25 production machine including first ans for
formng a wor kpi ece fed froma roll3of netal strip in}a*“tuobotar
formati on having side surfaces opposite to each ot her, second neans for
provi ding an upsetting pressure to joint the opposite side surfaces of

t he workpiece at a 30 jointing poin d third neans for supplying a high
frequency power to the workpiece to Flﬁ opposite

W =

3]

1]

2 o




side surfaces at the jointing point so as to produce a
t he wel di ng managenent appar at us 29

menber,
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conpri si ng: a canera positioned to have a visual field
i ncluding the jointing point for producing a video Si f
of an image including an area 5 lum nous with heat

visual field,; a maski ng nenber placed in front off t
t he maski ng nmenber having a transparent w ndow havi ng

in spaced-parallel relation to each 5 other in a. di ﬁ
substantially normal to a 10 direction of novenent of |t

di vidi ng the visual field into a plurality of zones; an i mage
processor for converting the video signal fed fromthe canera i nto

| um nance distribution patterns corresponding to the respective zones;
and

FIG.8




15 an inference wunit for inferring a defective wel di ng
condi ti on based upon the | um nance distribution patterns. 13. _The
wel di ng managenent apparatus as clainmed in 20 claim 12, rg' P HE: -
i nference unit includes nmeans for produci ng an al ar mjihe e
wel di ng condition s inferred. 14. The wel di ng nz_gerrent ;
apparatus as clainmed in 25 claim 13, wherein the i mage grdc Q&EQngudés‘
nmeans for extracting at | east one of characteristic flegtures of £ he
respective | um nance distribution patterns, and -
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wherein the inference unit includes nmeans for producing an al arm when
the extracted characteristic feature is 30 out of an acceptable range

15. The wel di ng managenent apparatus as clained in cl ai KEPEACEMEHTQSHEE’[

conprising neans for inferring a

7 3 1 DEC 1996

|

Ib
\ I8
=5
S
N— 4b
12
FIG.11 .

4a
Al oy

b

lc

G2
4b A2




30 cause of the defective welding condition based upon t he

characteristic feature changing out of the acceptable Tb
The wel di ng managenent apparatus as clainmed in clai m 128L QE%gﬁ‘ S
conprising nmeans for making a conparison of at |east omelof the

| um nance patterns with at | east one reference pattern, an@ TPECS15P6T

controlling the third means to adjust t&e high 10 frequency power based

upon the conpari son.

FIG.12

Y}
1 2 3 4 5 6 7 8|9 ----—-——-=—== N
T T T T T T T  m— — r -

1
2
3 P1(A1)
4- G1 7
5 Z2s244y, X
6 G2 zgzzza
l .
l_ ]
' P2(A2)
|
L F i
|
LT i
M 1 I 1 ] L L 1 1 t 1 1 1 ¢

FIG.14

- \\\\\\\m\\m\\\\\\

/

. wh o . s _._../-.




17. A tube production nmachine conprising nmeans for formng a Lece
fed froma roll of netal strip in a tubular formation LRQBQEQQ‘SH;
surfaces opposite to 15 each other, a pair of squeeze rol
provi di ng an upsetting pressure to joint the opposite SW:e surf gg%

3 elng

of the workpiece at a jointing point, each of the squelezie DR

a one-pi ece nenber having a cylindPfical center portion nd uooer and.}
|l ower 20 cylindrical end portions extending coaxially fromthe center
portion, the center portion being fornmed in a si de per —St-f-ace
wi th an annul ar groove to define a path for the workpiece along with

t he annul ar groove of the other squeeze roller, a roller holder for 25
beari ng each of the squeeze rollers at the end portions t hereof, and
means for supplying a high frequency power

FIG.13
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to the workpiece to weld the opposite side surfaces at
point so as to produce a netal

t ube

producti'on machine as clainmed in claim

i ncludes first and second’

menber .
17, wherein the

30

the jointing
18.

Thot ik .
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the first and second sections being nounted for sliding nmovemnent
toward and away from each other to position the squeeze rollers at an

adj ust abl e di st ance. 5 19. The tube production machi o T
claim 17, where the roller holder is a single nenber gEPERCﬁkﬁ%ﬁ?gH-li
supporting the squeeze rollers at a predeterm ned di 4t 4dnce.

11 3 1 DEC 1996
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10 20. The tube production machine as clained in claim 17, _wherein
the squeeze rollers have a dianmeter set within ara }k,@g}a’ ERT
first and second |ines, the first Iine being presen BARIY ¢ n g
the second |ine bei ng presented as 2.5 x Dp where s the dianete
of 15 the tube to be produced. 21. The tube prodicti @1 pECTHRE a
claimed in claim 17, wherein the &Bposite side surfdces makes an anpl b
set within a range defined by first and second |ines, 20 tTTst 11 ne
bei ng presented as 1.5 x Dp, the second line being presented as 0. 6.X
Dp where Dp is the F|G18 '
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di ameter of the tube to be produced. 22. The tube production nachine

as clainmed in claim?25 21, wherein the squeeze rollers #aa WET set
within a range defined by third and fourth lIines, the 1 o v Eg
presented as 5.5 x Dp, the fourth line bei ng presertt €

where Dp is the dianeter of t he tfge to be produced \

19 | 19 /70
720\ //
fimn) 0 gn
KK = T
N N\
74 > P 7{ =1 _.70d 74
‘r‘J — 711} 1 1 x
r——--l 720 72b 70d r-‘--j
N e E—— pre=st=c
E:{r_—_.—_—.‘:: i —_——— —_———fr-——————— ‘L—!_—'_—_..—_:%:==-5
L.__: I A |

76



RFPLACEMENT SHEET

H 3 1 DEC 1996

FIG.21

74 ﬁ 72 74

NN
d
o

FIG.23

78 70 78 72
U A

NAT NN
%

.

70—

-
7

78 72

-y




REPLACEMENT SHEET
15 3 1 DEC 1996

FIG.24

18




16

FIG.26

REPLACEMENT SHEET
3 1 DEC 1995

mm‘b
40 L
EXCESSIVE Qv
30 + '
La2
20 |
10 |-
INSUFFICIENT

ROLLER STRENGTH

0 —{4 I 1 L L L .

3 4 5 6

TUBE DIAMETER (mm)




H

(REPLACEMENT SHEET|

| 31pFei9 | |
17 : A4

FIG.27

{6°)

100 L

DEFORMED WINKLED
5 L
Lb2
PRE-ARC
0 { | I 1 { 1 I
—i} 3 4 5 6 7 8 ¢

TUBE DIAMETER (mm)



18

FIG.28

80

82 80a 80c g8 8oc 82

REPLACEMENT SHEET!
3 1 DEC 1996 |




19

FIG.30

PR

&

iy

REPLACEMENT SHEE:
31 DEC199¢ | -

86 70 80c 70 80q 82

[/

YA

%&\\g

Vi

KBO

_80b

7

DR



