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METHOD FOR AUTOMATIC MULTI-LAYER WELDING

The invention relates to a method for automatic

multi-layer welding of a joint formed by two joint

surfaces according to which method the contour of the

joint in a number of cross-sections is established by

means of a sensor, such as an optical or mechanical

1)

sensor emltting signals representative of the contour o:
the joint in the current cross-—-section of the joint,
which signals after evaluation control the deposition of
the weld beads by means of a continuously fed electrode
which 1s directed towards a welding zone in the joint,
sald sensor being caused to measure points of the present
contour of the joint in the current section which

essentially define the cross-section of the joint and are

positioned on the joint edges, the joint sides and the
joint bottom of the joint, the area (Py,n) of the polygon

determined by the measured points being calculated, the

mean value (Ppy) of said polygon areas beilng calculated,

a mean amount of welding material per unit of length

corresponding to the mean value of the polygon areas of

the cross-sections of the joint being determined and the
amount of welding material per unit of length for each
cross—-section of the joint being calculated as a function
of the mean amount of welding material per unit of length

B

and the ratio of the polygon area (Pp,) ©of the cross-

section of the joint to the mean value of the polygon
areas (Ppm) .

In welding, account must pbe taken of the wvariations
in the cross-sectional area of the weld joint along the
jJoint. The cross-sectional area 1s determined, on the one
hand, by the contour of the joint and, on the other hand,
by a line which connects the two joint edges. In the

following, this line will be referred to as the

interconnection line. The cross—section of the joint
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often differs from the ideal shape, for example a V-

shape, U-shape etc. In the case of long joints, the width

of the joint usually varies, and the joint edges are

often offset relative to each other, so called edge

offset. The cross—-sectional area along the joint

therefore alters continuously on account of the geometric
imperfections of the joint, which are caused by
production-engineering reasons, inter alia 1in the
preparation the joint and change of shape during the very
welding operation. In automatic welding in particular, 1it
must be possible for these variations in the joint cross-
section along the joint to be recorded, both with respect

to the joint area and the joint shape so that the beads

can be deposited in such a manner that a joint which 1is

even and filled to both joint edges is obtained. In

manual or semi-automatic welding, the welder can vary the

welding parameters, for example the welding speed, 1n

order to compensate for irregularities in the weld joint.

In the case of automatic welding, such adaptation of the

welding to these variations must be effected entirely

automatically.

EP-B1-12962 describes a method of the type mentioned
in the introduction. On the basis of the actual joint
width scanned by a sensor, the number of weld beads to be
deposited alongside each other is selected automatically,
and the transition from one bead to the next is carried
out in accordance with a specific procedure. However,
during the welding, no account is taken of the variatilons

g

in the cross—section of the joint which is affected not

only by the joint width, but also to a significant extent
by said edge offset.

In another proposal - US 4 608 481 - the joint 1is
filled by means of an oscillating movement of the
electrode, the shape of the joint being scanned at the
same time by, for example, measuring the arc voltage
during the oscillating movement at certain relative

positions of the welding burner in relation to the
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workpiece. This procedure reguires additional

arrangements for the oscillating movement and separate
control equipment for this movement.

To perform multi-layer welding while automatically
controlling the position of a welding torch and the

welding conditions based on the cross—-section of the
groove to be welded is also previously known, see JP-A-
©61-67568 and JP-A-60-99485. In this case, however, the
sensing operation is effectuated during the interval
between the deposition of two weld beads. This means that

a number of measurements have to be done as the contour

varies along the joint, causing a delay in the welding
operation.

EP-Bl1-423 088 describes the method for multi-layer
welding according to which the actual c¢ross—section of

the joint in different sections of the jJoint is taken as
a basis for determining the welding speed by which the
amount of welding material per unit of length to be
deposited is wvaried as a function of the area of the
current cross—section of the joint.

This method provides acceptable results in the case
of minor edge offsets between the edges of the joint,
i.e. in the case of vertical distances less than 1 mm,
but does not ensure that a jJoint filled up to the level
of both edges of the joint is formed in the case of edge
offsets in excess of that value. The welding speed will
be reduced at the joint side having the higher edge. The
larger the edge offset, the lower the welding speed.
Although the result i1is an increased amount of welding
material per unit of length also the energy consumption
per length unit increases. The result is not only an
unacceptable increase of the penetration of the weld

—

beads into the joint sides but also of the size of the

molten pool, resultling in a wider and not, as desired, a

higher bead. Excessively reduced welding speeds give the

opposite effect, i1.e. too broad and flat beads form at

the higher edge side of the joint. Because of the
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increased risk that the supplied amount of welding

material be distributed in a levelling manner across the

entire cross-section of the joint the steeper the
interconnection line between the joint edges becomes, it

is more correct to take into account the inclination of

the interconnection line rather than the very distance

vertlically between the joint edges. The above-mentioned

method provides an acceptable result when the angle of
inclination between the interconnection line and the
horizontal is less than approximately 3°.

The object of the present invention thus is to
provide a method in automatic multi-layer welding making
1t possible, also when the of edge offsets in the

vertical directions exceed approximately 1 mm or the

angle of inclination exceeds 3°, to produce a joint tha

{ |

is even and filled up to both joint edges in the
transverse as well as in the lengthwise directions of the
joint.

This i1is achieved by means of a method of the kind

‘defined in the introduction, which is characterised in

that the amount of welding material per unit of length is

varlied as a function of the current welding speed (Vpn),

with the welding speed (Vp,) varying in the longitudinal

direction of the joint, a set mean welding speed (Vgp)

gy

being associated with the mean value of the polygon areas

of the cross—-section of the joint and the welding speed
(Ven) ©of each individual cross-section of the joint being
calculated as a function of the mean welding speed and
the ratio of the mean value (Ppn) of the polygon areas to
the polygon area (Ppn) of the current cross-section of the
joint, in that at least two weld beads (84, 85) are
deposited in the joint to form an intermediate layver when

the mean value of the values corresponding to the width

of the joint in the wvarious cross-sections of the joint
at the level of said intermediate layer exceeds a
predetermined set value, and in that the amount of

r—

welding material in the transverse direction of the joint

PCT/SE96/01721
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1is varied as a function of the current wire feed speed

(Vt¥pn) , the polygon determined by the measurement points
being divided, in the latter case, by a vertical (87)
through the joint in a first and a second part polygon

5 (88, 8%9) comprising the measurement points on their
respective one of the joint sides and the joint edges,
the wire feeding speed (Vt'pn) for the weld beads to be
deposited respectively on one and on the other joint side

being determined with respect to each cross—-section of

10 the joint as a function of the current mean wire feed

speed (Vipnm) and the relationship between the part
polygon areas, the mean wire feed speed (Vipnm) for the
various cross-sections of the joint beling constant, 1i.e.

the mean wire feed speed (Vipnm) does not wvary in the

15 lengthwise direction of the joint, whereby an even
welding joint, filled to the level of its two joint
edges, 1s produced in the case of such an edge joint
offset that the angle of inclination between the inter-
connection line of the joint edges and the horizontal

20 plane exceeds 3°.

Because of wire feed speed is determined as a

function of the part polygon areas of the cross—-section

of the joint the method in accordance with the present

invention provides a welding joint which 1is filled up to
25 its two joint edges, also in the case of edge offsets 1in

excess of 1 mm. Should an edge offset between the edges

of the joint appear in the preliminary preparation of the
joint the part polygon area at the joint side having the
higher joint edge will be larger than that of the part

30 polygon area at the other joint side. Consequently, the
weld beads to be deposited against the respective joint
sides must receive an amount of welding material that 1is
adjusted to the respective part polygon areas. The amount

of welding material is controlled by the wire feed speed,

35 such that the supply of welding material is more rapid at

higher values, i.e. the higher the wire feed speed, the

larger the amount of welding material supplied to the
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current joint side per time unit. Since the amount of
welding material per unit of length increases whereas the
energy supply per unit of length 1is less than in the case
of the method of EP-Bl1l-423 088, the weld bead 1s heated
to a lesser extent and the undesired spreading of the
bead, which is a conseguence of such heating, is avoided,

i.e. the resulting weld bead is higher and narrower than

the weld bead produced by the above-mentioned method.

By varying the weld speed in the lengthwise
direction, the volume of the joint is filled evenly and
by varying the wire feed speed for each separate weld
bead in the transverse direction, the filling is so
distributed in the transverse direction of the joint that
edge offset or other lack of symmetry in the two joint

halves are compensated for.

For practical reasons the contour of the joint 1is
established in a point-wise manner. The points become
corner points in a polygon the area of which can be
easily calculated with the aid of some suitable polygon
algorithm. In the case of simple joint shapes including
plane joint surfaces in general only a few points are
reguired to calculate the polygon area corresponding to
the cross-section of the joint. It is conceivable to
measure these points, for instance by means of an optical
sensor, such as laser sensor.

The sensor is advantageously moved in synchrony with
the weld head, that is to say with the welding speed. If
the weld head is stationary and the workpieces are belng

moved relatively to the weld head, it 1s sulitable that

also the sensor is stationary. Preferably, the sensor 1is
carried by the weld head.

It has been found to be advantageous to scan the

whole joint before the welding parameters for the next

bead are determined. However, the welding and scanning of

the joint should take place simultaneocusly in order to
minimize the overall time required for the weldling work.
When the first bead, which normally is identical with the
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first layer, 1s deposited and the sensor which is

arranged 1n front of the weld head scans the contour of

the joint, no measurement values thus exist on which to

determine the welding parameters for this first bead. For

the first bead, a predetermined amount of welding

material per unit of length therefore is deposited, which

amount prerferably 1s the same along the whole joint. It

may be advantageous for practical reasons to initially

deposit several beads for the completion of the first

layer, using a certain predetermined amount of welding

material per unit of length.

The deposition of two beads per laver is determined

preferably only in dependency of the joint width at the
level of the laver.

Y

The value determined for the polvgon area (PrLpn) O3
the 1lntermediate layer in each cross-section of the joint

may be calculated as a function of the corner points (P,

P3, Ps, Pe) of the polygon area, the corner points (P3)

and (P3), which are the points of intersection between

the joint bottom and the joint sides of the intermediate
layer being measured during the deposition of the bead

first deposited in that layer against one of the joint

sides at a predetermined distance (I) from that joint

U}

side whereas the corner point (Ps), which is the point of
intersection between the upper face of the first
deposited bead and said one joint side is measured during
the deposition of the bead deposited immediately
thereafter against the other joint side, whereas the

corner point (Pg), which is the point of interconnection
between the upper face of the bead deposited against said

other joint side and said other said joint side, is

calculated by means of a measured height (hi) of said
first deposited bead, which in accordance with the
formula (h2 = (hi1 x VS°mn /S'pm)), wherein S%m and S'pm are
the corresponding bead areas of the two deposited beads,

provides the height (h2) and consequently the point of
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intersection in the bead deposited against the other

joint side.

The beads of the intermediate layer may be increased
by one bead compared with the preceding layer, should the
calculated polygon area (Pwpn) of the 1lntermediate layer
exceed (So x (Z + 1)), wherein (So) is the nominal bead

area, (2) the number of beads in the preceding layer and

(1) is a constant, for instance 0.5.

The bead areas of the additional beads in the same

intermediate layver may be achieved by interpolation of

g

the bead areas of the two beads deposited against the

joint sides, and the corresponding wire feed speeds

(Ve¥pn) are proportional to the bead areas (S™pn) .

When at least three beads are deposited in the joint
to form an intermediate layer, the distance between the
weld bead centers, the so called weld pitch (Lpn), may be
determined for each cross-section of the joint as a

function of the so called symmetrical weld pitch (Lo) and

the coefficient of inclination (kspn) Of the inter-
connection line of the current cross-section of the joint
interconnecting the edges of said joint and/or. the co-
efficient of inclination (kfpn) of the joint bottom,
wherein o= b/%Z, and b is the width of the joint
bottom of the current cross—-section of the joint and Z 1is
the number of beads in the cross-section of the joint.

Preferably, the position of the weld beads 1n each
cross-section of the joint is obtained by so positioning
the weld beads closest to the joint sides that the

desired penetration into said sides is obtained, whereas

the position of the intermediate beads 1s calculated with
the aid of the distance between the bead centers, 1.e.
the weld pitch (Lpn) according to the formula:
Lpn=Lo*™®; k=0

Lpn= 1-(1-Lo) * ™ ;k <0,

wherein (k= (Kkspn—Kfpn) X 'Y, (F) being an emplrically

determined constant coefficient of intensification.
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After deposition of an intermediate laver in the
joint and prior to the deposition of the subsequent lavyer
1t 1s preferable to calculate the quotient between the
mean value (Ppm) of the polygon areas (Ppn) of the cross-
sections of the remaining cross-sections of the joint and

the mean value of the cross-sectional areas of the last

deposited intermediate layer, in all cross-sections of

the joint, the top beads in a top layer preferably being

deposited 1in the joint on top of said intermediate laver
when the quotient is less than a predetermined set value,
preferably less than 0.7.

The number of beads 1n the top layer may be

increased by one, compared to the number of the last

deposited intermediate lavyer, i1f the area (Ac) of the top

layer satisfies the condition (Ac > So X Z X Vpm/Vnin),

wherein (So) is the nominal bead area, (2) the number of

beads in the last deposited intermediate layer, (Vpm) the

mean welding speed and (Vmin) is the lowest conceivable
welding speed.

The object of the present invention i1is achileved also
by means of a method of the kind outlined in the

introduction and which 1is characterised by wvarving the

amount of welding material per unit of length as a
function of the wire feed speed (Vt'pn) and/or the welding
speed (Vpn), and, in the case of deposition of at least
three beads in the joint to form an intermediate layer,
calculating the distance between the weld-bead centers,
the so called weld pitch (Lpn) with respect to each cross-

section of the joint as a function of the so called
symmetrical weld pitch (Lo) and the coefficient of

inclination (kspn) Of the interconnection line of the

current cross-section of the joint that interconnects the

edges of said joint and/or the coefficient of inclination
(kfpn) of the joint bottom, wherein (Lo = b/Z2) and b is the
width of the joint bottom of the current cross—-section of
the joint and (Z) the number of beads 1n the cross-

section of the joint.
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According to one aspect of the present 1invention,

there is provided a method for automatic multi-layer welding

of a joint formed by two joint surfaces comprising the steps

F

of establishing a contour of the joint 1n a number of cross-

sections by means of a sensor emitting signals

representative of the contour of the joint in the current

P

cross-section of the joint, which signals after evaluation

control a deposition of weld beads by means of a

continuously fed electrode which is directed towards a
welding zone in the joint, said sensor being caused to

measure points of the contour of the joint in the current

section which define the cross-section of the joilnt and are

positioned on joint edges, joint sides, and a joint bottom

of the joint, an area of a polygon determined by these

measured points being calculated, a mean value of polygon

areas being calculated, a mean amount of welding material

P

per unit of length corresponding to the mean value of the

polygon areas of the cross-section of the joint belng

I}

determined, and the amount of welding material per unit of

length for each cross-section of the joint being calculated

—

as a function of the mean amount of welding material per

unit of length and the ratio of the polygon area of the

F

current cross-section of the joint to the mean value of the

polygon areas wherein the amount of welding material per

F

unit of length is varied as a function of a current welding

speed, with the current welding speed varylng 1n a
longitudinal direction of the joint, a set mean welding
speed being associated with the mean value of the polygon

pr—

areas of the cross-sections of the jJjoilnt and the current

welding speed of each individual cross-section of the joint

g

being calculated as a function of the mean welding speed and

the ratio of the mean value of the polygon areas to the
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polygon area of the current cross-section of the joint, in
that at least two lntermediate weld beads are deposited in
the jJoint to form an intermediate layer when the mean value
of the values corresponding to a width of the joint in the
various cross-sections of the joint at the level of said

intermediate layer exceeds a set value, and in that the

Hl

amount of welding material i1n the transverse direction of
the joint 1s varied as a function of a current wire feed
speed, the polygon determined by the measurement points
being divided by a vertical line through the joint into a
first and a second part polygon comprising the measurement

F

polnts on their respective one of the joint sides and the

joint edges, the current wire feed speed for the weld beads
to be deposited respectively on one and on the other joint
side being determined with respect to each cross-section of

Jr—

function of a current mean wire feed speed

4

the joint as a
and a relative size of part polygon areas, the mean wire
feed speed for the various cross-sections of the joint being
constant in the lengthwise direction of the joint, whereby
an even welding joint, filled to the level of its two joint
edges, has an edge joint offset having an angle of
inclination between a line interconnecting the upper joint

edges and a horizontal plane exceeding 3°.

According to another aspect of the present

invention, there is provided a method for automatic multi-

F

layer welding of a joint formed by two joint surfaces

comprising the steps of establishing a contour of the joint
1n a number of cross-sections by means of a sensor emitting

signals representative of the contour of the joint in the

current cross-section of the joint, which signals after
evaluation control a deposition of weld beads by means of a

continuously fed electrode which 1s directed towards a
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welding zone 1n the jolnt, sailid sensor being caused to

gr—

measure points of a present contour of the joint in the

current section which define the cross-section of the joint
and are positioned on joint edges, Jjoint sides, and a joint
bottom of the joint, an area of a polygon determined by
these measured points being calculated, a mean value of
polygon areas being calculated, a mean amount of welding
material per unit of length corresponding to the mean wvalue
of the polygon areas of the cross-sections of the joint
being determined, and an amount of welding material per unit
of length for each cross-section of the joint being
calculated as a function of the mean amount of welding
material per unit of length and the ratio of the polygon
area of the cross-section of the joilnt to the mean value of
the polygon areas, comprising varying the amount of welding

g~

material per unit of length in at least one of a transverse

direction of the joint as a function of a wire feed speed
and in a longitudinal direction of the joint as a function
of a welding speed, and, in a case of deposition of at least
three beads 1n the joint to form an ilntermediate laver,
determining the distance between the weld-bead centers, a

weld pitch with respect to each cross-section of the joint

as a function of a symmetrical weld pitch L, and at least one

of a co-efficient of inclination of a line interconnecting

F

upper edges of the current cross-section of the joint that

interconnects the edges of said joint and the coefficient of
inclination of its joint bottom, wherein L =b/zand b is the
width of the joint bottom of the current cross-section of

the joint and z 1s the number of beads in the cross-section

of the joint.
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By employving not only a wire feed speed that varies

across the cross-—section of the joint but also a weld

gr—

pitch that varies across the cross—-section of the jolnt,

should the number of beads in the layer amount to at
least three, it is ensured that a joint filled up to 1its

two edges 1s achieved also in the case of considerable
edge offset.

The invention will be described in greater detail

with reference to the attached drawings illustrating two
embodiments to be used in connection with the method of

the present invention.

Figs la, 1lb, 1lc show a section through a V-type

joint during different stages of the welding.

Figs 2a, 2b, 2c show the edge offset in a butt joint
in cylindrical workpieces.

Fig. 3 shows, somewhat schematically, a device for
automatic multi-laver welding by means of a movable weld

head.
Fig. 4 shows a V-type joint for clarification of

certain terms used in the description.
Fig. 5 shows a diagram of calculated welding speeds

with respect to different joint cross-sections.

Fig. 6 shows a correct V-type joilnt 1in the case of

|

deposition of a layer comprising two beads.
Fig. 7 shows a V-type Jjoint with an edge offset in
the case of deposition of a layer comprising two beads.
Fig. 8 shows a correct V-type joint 1n the case of
deposition of a layer comprising three beads.

Fig. 9 shows a V-type joint with an edge offset, 1in

the case of deposition of a layer comprising four beads.
Fig. 10 shows a diagram of the variation of the wire

feed speed Vt*pn as a function of the bead area S’pn,

Fig. 1lla shows a joint filled by symmetrically
arranged weld beads.

Fig. 11b shows the same joint as 1n Fig. l1lla except
that it is filled by asymmetrically arranged weld beads.
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Fig. 12 shows a V-type joint before deposition of a
top lavyer.

Fig. 13 shows diagramatically an arrangement for
automatic multi-laver welding.

Fig. 14 shows diagramatically a device for automatic
multi-layer welding by means of two stationary weld
heads.

FFig. la shows a section through a V-type joint
between two workpieces la, 1lb with a gap 2, joint sides
3a, 3b, joint edges 4a, 4b, root sides 5a, 5b, and top
sides 6a, 6b of the joint. The workpieces la, 1lb are

shown slightly offset in the vertical direction with

respect to the joint edges 4a, 4b. The polygon area Pin of

the current cross-section is limited by the Joint sides
3a, 3b, the gap 2 and an imaginary line 7 between the two
joint edges 4a, 4b. In this specification this line will

be denominated interconnection line. Fig. 1lb shows the
same joint with a root bead 8. The polygon area 1s now
smaller and 1is designated by Pa2n.

The root bead 8 is deposited along the whole joint
with fixed welding parameters. These so called nominal
values are chosen prior to the welding operation and are
determined by the workpieces to be welded together, the
quality requirement on the finished weld and the
appearance of the current unfilled weld joint. In this
respect it should be noted that the cross—-section of the

joint varies along the joint on account of manufacturing

tolerances, especially as regards the joint width, the

Joint offset and changes in shape during welding. When Pin

is first sensed in connection with the deposition of the

first bead in the joint this first bead is deposited
along the entire joint at a constant nominal welding
speed Vo and at a constant nominal wire feed speed Vio of
the welding electrode. In consequence thereof the cross-
sectional area S"pn of the deposited bead will be
identical along the whole joint, namely S'sm = So= (t X

vto) /vo, t being the cross-sectional area of the welding
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electrode an So the nominal bead area. In this case index
X designates the ordinal number of the current bead, p

designates the current layer and n designates the current

cross—section of the joint. Upon deposition of the first
bead 9 in the second laver of the joint it 1is the

remaining polygon area Pa2n that is dimensioned in
adaptation to the welding speed and the wire feed speed.
This polygon area Pzn is established with respect to each

r-

individual cross-section of the joint in connection with

the deposition of said bead and 1t 1s used to calculate
the welding parameters of the bead 9. Since Pa2n varies in

the lengthwise direction of the joint for the reasons

mentioned above, also the amount of welding material per

unit of length must vary in the longitudinal direction of

the joint if an evenly filled joint is to be obtained.

The amount of welding material per unit of length varies

as a function of the welding speed and the wire feed

speed, and by varying one or the other or both of these

welding parameters an amount of welding material adapted
to the cross—-section of the current joint is obtained.
The manner in which the welding speed or wire feed speed
are calculated with respect to the current cross-section
of the joint will be described with reference to the
first embodiment illustrated in Fig. 3 and to the second
empbodiment illustrated in Fig. 1l4.

Fig. 1lc illustrates the same joint after deposition
of two more beads 10, 11. Currently, upon deposition of
the first and the second beads 10, 11 in the third layer

of the joint it is P3n that governs the dimensions of the

welding parameter. Another factor of great importance to

the manner in which the weld beads are to be deposited in
the current joint cross-section is the size of the
vertical distance between the joint edges. Usually, the
distance is referred to as the edge offset.

An edge offset generally occurs in butt-joint
welding of large pipes or cylindrical containers. The

cross—sections of the pipe or container parts to be

PCT/SE96/01721
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welded together always differ slightly from the shape of

the circle and are elliptic or oval. When such workpieces

are to welded together it is generally not possible to

bring the axis systems of the elliptic or oval cross-

sections into coincidence with each othe;. The result

thereof is an edge offset in the joint which changes

continuously along the whole joint. Fig. 2Za shows,

slightly exaggerated in the axial direction, two

cvlindrical workpieces 1l2a, 12b having elliptic cross-

sections in the butt-joint position. The edge offset

along section I-I (Fig. 2b) of the two workpieces 1lZa,

12b is the opposite to that along section II~-II (Fig.

2c). As can be seen, the edge offset varies continuously

around the periphery. As mentioned in the introduction of

the description the offset is more correctly deflined as

an inclination of the line interconnecting the joint

edges rather than a vertical spacing between the joint

edges. Also the inclination of the current joint bottom

is of importance for the manner in which the welding bead

should be deposited in the joint in order to result in a
weld joint that is filled to the level of both of its two

joint edges despite considerable edge offset.

In accordance with the present embodiment an optical

measuring unit 18 in the form of a laser diode and an

optical sensor 20, supported by a weld head not shown, 1s

used to establish the contour of the joint, i.e. the
remaining polygon area, in a large number of cross-

sections of the joint. In the joint 33 in which some

beads 34 have already been deposited, a further bead, not

visible in Fig. 3, is deposited by means of a contin-
uously advanced electrode 32, likewise supported by said
weld head and movable at least in three directions.

During the welding operation the sensor establishes

the existing contour of the joint, i.e. the jolnt sides
35a, 35b and the bottom 36 by sensing five points 4la-e,

evenly distributed across the bottom, and points 42a and
42b, one at each joint edge. As appears from the drawlng
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figure the first and the second measurement points, 41la
and 4le respectively, on the joint bottom are positioned
on the line of intersection between the Jjoint bottom and
the joint sides.

S The enclosed area 59a of the joint 60 (Fig. 4)

intends to represent generally a polygon area Ppn, the
first index referring to the cross-sectional area
established in connection with the deposition of the Ptn

gh—

layer an n to the nth cross-section of the joint where the

10 detection is effected. For instance Pi3 designates the

polygon area of the third cross-section of the joint when

the first layer i1s deposited.

As mentioned above, the amount of welding material

per unit of length must vary as a function of the polygon

g
—
—

15 area Ppn 0of the current section 1f an even Jjoint is to be

t—

In accordance with the embodiment illustrated

obtained.

in Fig. 3 the welding speed Vpn varies in the lenghtwise

direction of the jJoint whereas the so called mean wire

feed speed (see pages 22, 23) Vipom does not vary in the
20 lengthwise direction of the joint. In calculating the

welding speed Vpn 0f each individual cross—section of the

joint an already set mean speed Vpm (Vpm = Vo) is

associated with the mean value Ppm 0f the respective

polygon area Ppn of the associated cross-sections of the
25 joint, whereupon the welding speed is computed by means
of the formula Vpn = Vpm X Ppm/Ppn.

In this connection should be pointed out that

calculation of the mean value of the polygon areas of the

beads in the current layer is effected in different ways

30 with respect to the first bead of each layer than in

respect to the remaining beads of said layers. Since the

sensor does not measure the points for calculating the

remaining polygon area of the current cross-section of
the joint until in connection with the deposition ©of the

35 first bead of the layer, it is not possible to compute

the correct wvalue of the mean value of the polygon areas

of the cross-sections of the joint until the entire bead
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has been deposited. In order to calculate the welding
speed of the first bead an approximation Ppm = ) (Pp-in—So

x Z)/n is used instead of the later established correct

value of sald quantity. However, the correct value of Ppn
may be used.

Because of the variation of Ppn 1n the longitudinal
direction of the joint the welding speed may vary from
one cross—-section of the joint to the next. Fig. 5

illustrates the weldling speed as a function of the cross-
sections of the joint. The mean value of the welding
speed Vpm is chosen in consideration of the corresponding
welding procedure. For welding engineering purposes, the
welding speed variations should be contained within

certain limits, in this case designated by Vmax and Vnin.

The mean value of the welding speed i1is chosen to ensure

that, 1f possible, the welding speeds relative to all

cross—-sections of the joint computed in accordance with

the formula above are within the range defined by Vmax and

Vmin. Should in any cross-section of the jolnt the speed

exceed Vmax, this triggers off a signal which supplies for
instance the operator with information prior to the
deposition of the bead that the welding speed in the case
of one or several cross-sections of the joint will have a
value that is too high or too low. Several measures may
be taken to obviate this problem. For example, the

e

welding speed relative to these cross-sections of the

joint may be limited to the allowable upper or lower

limit values, since a levelling-out may be expected as

the subsequent bead is being deposited. However, large

deviations are a sign of a major fault in the joint

preparation, which in many cases is most simply corrected

by carrying out a manual welding operation with respect
to the joint cross-—section concerned, in which case the
automatic welding operation must be interrupted and be
re—-started following correction of the joint.

Due to the estimated speed with the respect to these
cross—-sections of the joint the shift from one section to
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the other would take place in stages, as illustrated in

FFig. 5. In practice, the speed is controlled in such a

manner that the transition from one to the other speed

takes place without interference, the speed across each

cross—-section of the joint being constant and egualling
Ven. The difference between the calculated speeds of two
adjoining cross-sections of the joint is small as a rule

and a transition, adapted to this difference in speeds,

is chosen also considering i.e. the masses that need to
be accelerated or retarded.

In joint welds the joint width of which increases
from the root towards the top side it is necessary to
increase the number of beads per layer the closer one
comes to the top side. In the symmetrical V-type joint

without edge offset (Fig. 6), i.e. where the angle of

inclination between the interconnection line and the
horizontal plane is 0°, beads 61, 62 are shown to be
deposited in the first and the second layers,
respectively. The width of the joint level with the third

layer is such that it requires two beads to be deposited
therein to f£ill the entire lavyer. |
The distance of the tip €3 of the electrode to any

P

one of the joint sides should have a set value I upon

deposition of the bead 64 adjacent to the joint side.
Should the distance exceed the set value the bead

penetration into the basic material becomes inferior.
When the first bead 64 of the third lavyer is
deposited against one of the joint sides by means of the

electrode spaced a distance I from the joint side, the

polygon area P3n is measured simultaneously. In this
manner a measurement of the width b between the bead

edges 65, 66 of the bead 62 underneath 1is obtained. One
has found that only one bead per layer 1s required when k

X b < I, where b represents the above-mentioned joint

width level with the current joint bottom, 1.e. the upper

face of bead 62, before a new layer is deposited, and k

represents a factor between 0.5 and 1.0. Lower wvalues of
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k are chosen in the case of joints the joint angle of

which in the current layer is small, such as in I-type
joints. In addition, the choice of the value of k 1is
dependent on one or some of the welding parameters, such
as the welding tension, welding current, welding speed,
wire feed speed and pitch, i.e. the distance between the

welding beads centers. Smaller values of k are determined

by trial and error.

In the case of asymmetrical joints presenting edge

offset the above—-mentioned calculation gives unfavourable

results and consequently, the calculation of the
variation of the welding speed Vpn in the longitudinal

direction of the joint must supplemented by calculation

cf one or some of the remaining welding parameters that

—
p—

may affect the distribution of the welding material

across the cross-section of the joint, such as the wire
feed speed Viepn. As mentioned in the introduction, a

change of the welding speed cannot be employed to adapt

the amount of welding material deposited across the

cross-section of the joint to the existing edge offset
since a reduction of the welding speed generates

=

increased heating and melting of the current welding

bead. As a result, a joint having a flat rather than an

obligue top face is formed. In order to obtain even

distribution of the welding material in a joint of this

| Raiedl

kind (Fig. 7), ensuring that the joint will be filled to

the level of its two joint edges, a part polygon area otf
the left-hand and the right-hand joint halves is
calculated for each cross-section of the joint. A
vertical 69 dividing the polygon area P3n 1nto two part
polygons Pp'3sn, Pp°3n is drawn from the center of the

current joint bottom at right angles to the horizontal

plane. The extension of the line is calculated by means

of the points read by the sensor.

—

The part polygons Pp'sn and Ppsn comprise the areas

70, 71 enclosed by the broken lines. The part polygon

areas of the cross-section of the joint concerned are
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calculated with the aid of the polygon area P3n which in
turn 1s calculated with the aid of the points measured
upon deposition of the first bead 72 in the third laver,
using a commonly accepted polygon algorithm.

The two part polygon areas form the bases of
calculation of the wire feed speed Vt"sn across the cross-
section n of the joint in the third layer of the joint
comprising the two welding beads 72, 73, the wire feed
speed of the first bead 72 being designated by Vi'sn.

The calculation of the wire feed speed of the two

beads that are deposited against the joint sides is based

on the above-calculated part polygon areas and the mean

wire feed speed Vtamm (Fig. 10).

_\lt13n

y__rt23n

I

Zy_thn x 1/(1 + BDZBn/_Ef_Dl3n)
2Xt3nm x 1/(1 + BDIBn/BDZSn)

In the absence of variation of the wire feed speed
in the longitudinal direction of the joint Vesnm thus 1s
constant across all cross-sections of the joint in the

current laver. This constant value of the mean wire feed

speed preferably i1s set at Vto, i.e. the nominal value of

the wire feed speed.
Tt may likewise be pointed out that the setting o:

D'
)

certain nominal value of the wire feed speed for

practical reasons is achieved by setting the welding

current, since the welding current varies as a function

of the wire feed speed.

Tt should likewise be noted that the above formulas

for calculation of the wire feed speed are applicable

also in the case of asymmetrical joints having no edge

offset, i.e. whenever the part polygons are not of equal

size the wire feed speed is adjusted across the current
cross-section of the joint. Consequently, in this case
the first and second beads of the cross-section of the
joint are not deposited at the same wire feed speed.

However, the wire feed speed for the over—all cross-
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section of the joint, i.e. the mean wire feed speed 1s
constant.

In one symmetric joint without edge offset (Fig. 38)
one bead 74 and 75, respectively, and two beads 76, 77

and 78, 79, respectively have been deposited in the

respective layers. Two beads 80, 81 are already deposited
in the fifth layver. In order to establish whether the

number of beads of the fifth layer is to be two or is to

be supplemented by a further, third bead the polygon area

(the so called layer area) Pusn of each cross-section of

the joint is first calculated. The polygon area 1s

P

calculated utilising the corner points P2, P3, Ps, Ps of

the polygon area with the aid of a suitable established
polygon algorithm, said corner points P2 and P3, which are
the points of intersection between the joint bottom and
the joint sides of the intermediate layer, being
calculated during the deposition of the bead 80 against

one joint side at a pre-determined distance I from said

joint side, said bead being the one first one deposited

.y

in this layer. The corner point Ps, which is the point o:

p— 4

intersection between the upper face of the Irirst

deposited bead and said one Jjoint side, on the other
hand, is being measured during the deposition of the bead
81 deposited immediately thereafter against the opposite
joint side. The corner point Ps, which is the point of
intersection between the upper face of the bead deposited
against the other joint side and said second joint side,

on the other hand, is calculated with the aid of the

measured height hi of said first deposited bead which

according to the formula h2z = (hi X \/_S_ZSn/_S_lsn) , wWherein S%sn

and S'sn are the corresponding bead areas of the two
deposited beads, provides the height hz of and
consequently the point of intersection Pe of the bead
deposited against the other joint side.

When the calculated polygon area Pusn Of the
intermediate laver exceeds So x (Z + 1), wherein So 1is a

nominal bead area, Z the number of beads of the previous
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layer and L 1s a constant, for instance 0.5, a third bead
83 1s deposited in the fifth layer. The number of beads

—

may only be increased by one for each layer.
The bead area of the third bead 83 suggested here in
said layer or the totally ninth bead of the joint is §%m.

The welding speed of said bead equals that of the other
beads of the current cross-section of the joint but

varies in the longitudinal direction of the joint. Since
the joint 1s symmetric the above-defined part polygon
areas are here of equal size, with the result that the

wire feed speed of the individual beads is constant and

equals the mean wire feed speed Vtsmn.

In the case of a jJoint with edge o:

"fset (Fig. 9) and
several beads per layer, the wire feed speed is

determined, with respect to the two beads 84, 85 abutting

against the joint sides, 1n a new layer as a function of .

one part polygon area each and the mean wire feed speed.

The polygon area 1s divided by the wvertical 87 into two

halves the areas of which is enclosed in Fig. 9 by lines

88, 89 respectively.

The wire feed speed of the two outermost beads of

the new layer becomes

ztl6n 2_\_7_t6nm x 1/(1 + £DZGn/PD16n)
y_t26n = 2y_t6mn x 1/(1 + EDIGn/PDZGn)

The bead areas current to Vt'en and Vi’sn become S'en and
§am, respectively.

In the case of beads to be deposited intermediate
the outermost beads the bead area are calculated by

linear interpolation of the bead areas of the two beads

(84, 85) deposited against the joint sides, and the

corresponding wire feed speeds (Vt'pn) are proportional to

the bead areas (S"pn). This appears from Fig. 10 which

illustrates the wire feed speed Vtpn as a function of the

bead area S*m. Contrary to the case in Fig. 9 the left
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hand joint edge is at a higher level than the right hand
joint edge.

When the number of beads in the layer amounts to at

least three, not only the wire feed speed that 1is

variable across the cross-—-section of the joint i1s made

use of but also a weld pitch which is wvariable across the
cross—-section of the joint, in order to obtain a joint

which is filled up to its two joint edges also when the

edge offset is considerable. As pointed out 1in the

aforegoing the edge offset is more correctly expressed 1in

this connection as an inclination of the line of

interconnection of the joint edges rather than as a

vertical offset of the joint edges. In this case, the

inclination is expressed as a coefficient of inclination

of the interconnection line. Obviously, also the

coefficient of inclination of the current joint bottom is

of importance to the weld pitch, since a symmetrical weld

pitch may be used when the above coefficients of

inclination are equal. Fig. 1llb illustrates that the

spacing between the welding bead centers, 1.e. the pitch

Lpn, 1is varied as a function of the so called symmetrical

pitch (Lo) and the coefficient of inclination (kspn) of

+he interconnection line of the current cross—-section of

the joint between its joint edges and the coefficient of

inclination (ksfpn) of its joint bottom. To compute the
pitch Lpn a value of Lo is first computed, which value
equals the pitch in a symmetrical joint having no edge
offset, i.e. Lo = b/Z, wherein b is the width of the joint
bottom of the joint cross-section concerned and Z2 1s the

number of beads in the cross-section of the joint. Fig.

1la, on the other hand, illustrates the same joint as

Fig. 1lb but having a symmetrical pitch, i1.e. Lpn = Lo.

-

In the joint illustrated in Fig. 11b the positions

of the beads closest to the joint sides are first decided

on the basis of the desired penetration in the joint

sides, whereas the positions of the intermediate beads

gy
—

are calculated on the basis of the distances between the

PCT/SE96/01721
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bead centers, 1i.e. the weld pitch (Lpn), according to the
formula:

Lpn=Lo "% ; k=0

Lpn= 1-(1-Lo) ™™ ;k <0, | B

wherein k= (Kkspn~Kfpn) X F, F being an empirically

determined, constant coefficient of intensification. F
may be for instance 2. Instead of calculating the wvalue
of Lpn with the aid of the formula above, resulting in a
displacement of the beads towards the higher side, i.e.
the left-hand side in Figs lla and 1llb, the following

formulas may also be used:

_I:J_pn — L0(1/1+k); k=0 __:_f_;:_pn = 1-={(1-TLo) (1/1“](); _k<0 o
and
ILpn = (1+k) x Lo/ (1 + k x Lo Lpn = 1= (1-k)x(1-Lo)/((1-

k)yx(1-Lo) ), k<O.
The first of these two formulas result 1n a displacement

towards the lower side whereas the second one of these

formulas result in a symmetrical displacement.

When the welding of one lavyer 1s completed a check

is performed to establish whether the followling layer 1is

to be a top layer that completes the welding operation.

The mean value Ppm of the remaining polygon areas Ppn oOf

the cross-—-section of the joint, i1llustrated by the

enclosed area 90 in Fig. 12, is calculated, whereupon a

quotient is computed from this mean value Ppm and the mean
value of the cross—sectional area of the last deposited
intermediate layer in all cross-sections of the joint. A
cross—sectional area of this type 1is illustrated as a
cross—hatched area 91 in Fig. 12 and 1s computed as So X
Z, where Sox Z is a nominal bead area and Z 1is the number

of beads in the last deposited layer. When this quotient

is less than 0.7 the following layer 1s executed in the
form of a top layer. The number of beads in the top layer
is increased by one, compared with the number of the
latest deposited intermediate layer 1f the area Ac of the
top layer satisfies the condition Ac > So x Z X Vpm/Vmin,

wherein So is the nominal bead arxea, Z2 1s the number of




10

15

20

2D

30

39

WO 97/23324

CA 02240105 1998-06-09

23

beads in the last deposited intermediate area, Vpm 1s the
mean welding speed and Vmin is the lowest concelvable
welding speed. In this case Ac is computed according to
the formula Ac= Z(Pp-in—So X Z)/n + b x (Capmin + Capmax) /2,
wherein b is the width of the top layer, Capmin is the
minimum height of the top layer and Capmax the maximum
height of the top layer above the joint edges. Upon
deposition of the two outermost beads 392, 93 the
electrode tip 94 is maintained at a distance 11 laterally

from the joint surface 95 or its imaginary prolongation

above the top side, which distance is smaller than the
above mentioned distance I, i1.e. I1 < I (Fig o). The
distance Ii1 depends on the configuration of the joint and

is determined by trial and error.

All above-mentioned computing operations are carried
out in a microprocessor 96 (Fig. 13), which 1is part otf

the welding equipment. The sensor 98 which 1is connected
to a welding burner 97 emits signals representative of

the measuring points to the microprocessor 96 which,

based on this information among other things, on a basis

of a program, calculates the values of the welding speed
for each cross-section of the joint, the number of beads
per layer, wire feed speed with respect to the beads, the
pitch and so on. The results are converted into signals
which are transmitted to the welding burner energising
unit 99 and to the welding burner 97 which 1is provided
with an advancement unit 101 for advancing the welding
electrode 100. In addition, the relative positions of the
sensor and of the welding burner are checked continuously

for example to determine the position of the cross-

sections of the joint where the scanning of the measuring
points for the calculation of the polygon areas 1s 1n
process.

As mentioned above the sensor carries out an
extensive measurement program for each cross-section of

the joint to determine the contour of the joint. These

PCT/SE96/01721
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measurement values are used also to control the position

of the welding burner along the joint.
In accordance with the embodiment illustrated in
Fig. 14 for welding together for instance large pipe

5 sections 102 having a diameter size of approximately 0.5-

3 m and a length of approximately 4-12 m into elongate
tubes having a total length of approximately 12 m, it is
customary to provide the welding equipment with more than
one weld head in order to shorten the overall welding

10 time. Usually, these weld heads are stationary and

consegquently, contrary to the embodiment illustrated in

’Fig. 3, according to which the workpieces are stationary

and the welding head is movable, the workpieces, i.e. the

pipe sections 1n this case, are movable and the weld

15 heads are stationary. As 1llustrated in Fig. 14 each weld

head 1is provided with an optical senscor 103 and with a

welding burner 104 having an advancement mechanism 105

for advancing the welding electrode. The tubes are
displaced at the same speed by means of one roller

20 mechanism 106 each. Since all pipes must be displaced at
the same speed the welding speed will be constant for all

cross—sections of the jolnt in a longitudinal direction

of the joint. In order to obtain a welding joint which is
filled up to its Joint edges the amount of welding

25 material supplied per unit of length is regulated in
accordance with this embodiment by varyving the wire feed
speed, not only over each cross-section of the joint but

also in the longitudinal direction of the joint. The wire

feed speed Vt'pn of the different beads is calculated in
30 the same manner as previously, with the exception at the
mean wire feed speed Vipnm, previously constant for all
cross—sections of the joint, now varies in the
longitudinal direction of the joint, i.e. Vtpmm 1S no
longer egual to the nominal wire feed speed Veo. The mean
35 wire feed speed of each cross-section of the joint is
calculated as a function of the average mean wire feed
Ppn 0of the

o

speed Vipmm and the ratio of the polygon aresz
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current cross—-section of the joint to the mean value Ppm

of the polygon areas, the average mean wire feed speed

Vepnm equalling Veo. Remaining calculations concerning weld
pitch and so on will be computed in the same manner as in
accordance with the embodiment of Fig. 3. The formula of
establishing whether the number of beads in the top layer
is to be increased by one bead or not will, however, be
altered in such a manner that a quotient Vpm/Vmin iS
replaced by Vtmax/Vetpmm in the formula on page 22.

Obviously, the invention is not limited to the

embodiment described above but may be varied within the

scope of the appended claims. For instance, the welding

speed as well as the mean wire feed speed may be varied

in the longitudinal direction of the joint. The

distribution of the amount of welding material in the

cross—direction of the joint may also be varied as a
function of the wire feed speed and/or the weld pitch.

For instance, the edges of the joint may be scanned by an

acoustic or mechanical sensor instead of by an optical

sensor. It may also be possible to scan the joint

contours by means of the welding arc.
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CLAIMS:
1. A method for automatic multi-layer welding of a

"

joint formed by two joint surfaces comprising the steps of

P

establishing a contour of the joint in a number of cross-

g

sections by means of a sensor emitting signals

representative of the contour of the joint 1n the current

cross—section of the joint, which signals after evaluation

P

control a deposition of weld beads by means of a

continuously fed electrode which is directed towards a
welding zone in the joint, saild sensor beilng caused to
measure points of the contour of the joint 1n the current

P

section which define the cross-section of the jolnt and are

positioned on joint edges, joint sides, and a joint bottom
of the joint, an area of a polygon determined by these
measured points being calculated, a mean value of polygon

F

areas being calculated, a mean amount of welding material

P

per unit of length corresponding to the mean value of the

polygon areas of the cross-section of the joint belng

determined, and the amount of welding material per unit of

length for each cross-section of the joint being calculated

F

as a function of the mean amount of welding materilial per

unit of length and the ratio of the polygon area of the

F

current cross-section of the joint to the mean value of the

polygon areas wherein the amount of welding material per

p—~ =
pre—

unit of length is varied as a function of a current welding

speed, with the current welding speed varying 1in a

_

longitudinal direction of the joint, a set mean welding

speed being associated with the mean value of the polygon

areas of the cross-sections of the joint and the current

i y—

welding speed of each individual cross-section of the joint

P

being calculated as a function of the mean welding speed and

the ratio of the mean value of the polygon areas to the
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polygon area of the current cross-section of the joint, 1n

that at least two intermediate weld beads are deposited in

the jJoint to form an intermediate layer when the mean value

P

of the wvalues corresponding to a width of the joint in the

various cross-sections of the joint at the level of said
intermediate layer exceeds a set value, and in that the
amount of welding material in the transverse direction of
the joilnt 1s varled as a function of a current wire feed
speed, the polygon determined by the measurement points
being divided by a vertical line through the joint into a
first and a second part polygon comprising the measurement

F

polnts on thelr respective one of the joint sides and the

joint edges, the current wire feed speed for the weld beads
to be deposited respectively . on one and on the other joint
side being determined with respect to each cross-section of
the joint as a function of a current mean wire feed speed
and a relative size of part polygon areas, the mean wire

F

feed speed for the various cross-sections of the joint being

constant in the lengthwise direction of the joint, whereby

-

an even welding joint, filled to the level of its two joint

edges, has an edge joint offset having an angle of
inclination between a line interconnecting the upper joint

edges and a horizontal plane exceeding 3°.

2. The method as clalmed in claim 1, wherein the
value determined for the polygon area of the intermediate
layer 1n each Cross—section of the joint 1s calculated as a
function of first, second, third and fourth corner points of
the polygon area, the first and second corner points, which
are the points of intersection between the joint bottom and
the joint sides of the intermediate layer, being measured
during the deposition of a first bead first deposited in

that layer against one of the joint sides at a predetermined
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distance I from that joint side whereas the third corner

point, which is the point of intersection between the upper

F

face of the first deposited bead and said one joint side 1s

measured during the deposition of a second bead deposited

immediately thereafter against the other joint side, whereas

the fourth corner point, which is the point of intersection

F

between the upper face of the bead deposited against said

other joint side and said other said joint side, 1s

P

calculated by means of a measured height h; of said first

deposited bead, which in accordance with a formula

h, =(h1x§2pn/§_]pn), wherein S°, and §]pn are the corresponding

bead areas of a two deposited beads, provides a height h; and

F

consequently a point of intersection 1n the bead deposited

against the other joint side.

3. The method as claimed 1n clalim 2, wherein the
beads of the intermediate layer may be increased by one bead

compared with the preceding layer, should the calculated

gt

polygon area of the intermediate layer exceed S,x(Z+1),

wherein Sy is a nominal bead area, Z the number of beads 1n

the preceding layer and I 1s a constant.

4 The method as claimed 1n claim 3 wherein I1=0.5.

F

5. The method as claimed in any one of clailms 2 to 4

wherein the bead areas of the additional beads 1n the same

intermediate layer weld are achieved by interpolation of the

F

bead areas of the two beads deposited against the joint

sides, and the corresponding wire feed speeds are

proportional to the bead areas.

o. The method as claimed in claim 3 or 4 wherein when

it

at least three of the beads are deposited 1n the joint to

form an intermediate layer, the distance between the weld
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bead centers, a weld pitch L, ,, 1is determined for each

cross-section of a joint as a function of the symmetrical

weld pitch Ly and at least one of the coefficient of

i 1)

inclination K of the line of the current cross-section o

——spn

5 the joint interconnecting upper edges of saild joint and the

co-efficient of inclination K

K., of the joint bottom, wherein

L,=b/Zand b is the width of the joint bottom of the current

cross-section of the joint and Z i1s the number of beads 1in

the cross-section of the joint.

10 7. The method as claimed in claim ©, wherein the

position of the weld beads in each cross-section of the
joint is obtained by so positioning the weld beads closest
to the joint sides that a desired penetration into said

sides is obtained, whereas the position of the intermediate

15 beads is calculated with the aid of the weld pitch L ,

between the bead centers, according to the formula:

L =L""; x20

—. pn

L,,=1-(1-Ly)"™; k<0

wherein k=(k,, -k, )xF, F being an empirically determined

spn

-y

ficient of intensification.

20 constant coe:

3 . The method as claimed 1n any one of claims 1 to 7

wherein after deposition of an intermediate layer in the

joint and prior to the deposition of a subsequent layer a

F

quotient 1s calculated between the mean value of the polygon

25 areas of the cross-sections of the remaining cross-sections

of the joint and the mean value of the cross-sectional areas

P

of the last deposited intermediate layer 1n all cross-
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sections of the joint, and 1n that top beads in a top layer

are deposited 1n the joint on top of said intermediate layer

when a quotient 1s less than a set value.

9. The method as claimed 1n claim 8 wherein the

quotlient 1s less than 0.7.

10. The method as claimed 1n claim 8 or 9 wherein the
number of beads 1n the top layer 1s 1ncreased by one,
compared to the number of the last deposited intermediate

layer, 1f an area Ac of the top layer satisfies the

condition Ac>S,xZxV __/V wherein Sy is a nominal bead

——pm ' _min 7

area, Z the number of beads 1n the last deposited

intermediate layer, V , the mean welding speed and V,, is the
lowest conceivable welding speed.
11. A method for automatic multi-layer welding of a

joint formed by two joint surfaces comprising the steps of

P

establishing a contour of the joint in a number of cross-

sections by means of a sensor emitting signals
representative of the contour of the joint in the current
cross-section of the joint, which signals after evaluation
control a deposition of weld beads by means of a
contilnuously fed electrode which 1s directed towards a

welding zone 1in the joint, said sensor being caused to

F
p—

measure polints of a present contour of the joint in the

P

current section which define the cross-section of the joint

and are posiltiloned on joint edges, joint sides, and a joint

F

bottom of the joint, an area of a polygon determined by

these measured points being calculated, a mean value of

polygon areas belng calculated, a mean amount of welding

material per unit of length corresponding to the mean value

of the polygon areas of the cross-sections of the joint
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being determined, and an amount of welding materilal per unit

of length for each cross-section of the jolnt belng

gr—

calculated as a function of the mean amount of weldlng

P

material per unit of length and the ratio of the polygon

P

5 area of the cross-section of the joint to the mean value of

pr—
p—

the polygon areas, comprising varying the amount of welding

 amad

material per unit of length in at least one of a transverse

direction of the joint as a function of a wire feed speed

and in a longitudinal direction of the joint as a

gi—

10 of a welding speed, and, in a case of deposition o

function

F

f at least

three beads in the joint to form an intermediate layer,

determining the distance between the weld-bead centers, a

weld pitch with respect to each cross-section of the joint

ﬁ

as a function of a symmetrical weld pitch L, and at least one

P

15 of a co-efficient of inclination of a line 1nterconnecting

=

upper edges of the current cross-section of the joint that

r—

1client of

interconnects the edges of salid joint and the coe

inclination of its joint bottom, wherein L =b/zand b is the

width of the joint bottom of the current cross-section of

F

20 the joint and z is the number of beads i1n the cross-section

of the joint.

12. The method as claimed 1in claim 11, wherein at

least two weld beads are deposited in the joint to

intermediate layer when a mean value of the values

form an

25 corresponding to a width of the joint in the various cross-

sections of a joint at the level of said intermediate layer

exceeds a set value, in that the polygon determined by the

measurement points is divided by a vertical line through the

joint in a first and a second part polygon comprising the

30 measurement points on thelr respective one of the joint

sides and the joint edges, the wlire feed speed for

the weld

beads to be deposited respectively on one and on the other
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Jjoint side being determined with respect to each cross-

— gp—

section of the joint as a function of the calculated mean

wire feed speed for the current cross-section of the joint

and a relative size part polygon areas.

13. The method as claimed in claim 11 whereiln the

F

welding speed for the different cross-sections of the joint

ﬁ

is constant in a lengthwise direction of the joint whereas

the mean wire feed speed varies in the lengthwise direction

of the joint, an average mean wire feed speed corresponding

to the mean value of the polygon areas of the cross-sections

P

of the joint being determined and the mean wlre feed speed

for the respective cross-sections of the joint beilng

calculated as a function of the average mean wire feed speed

and a ratio of the polygon area of the current cross-section

P

of the joint to the mean value of the polygon areas.

14. The method as claimed in claim 11, whereln the
mean wire feed speed and the welding speed vary 1n the
lengthwise direction of the joint, an average mean wlre feed
speed corresponding to the mean value of the polygon areas

r— p—

of the cross-sections of the joint being determined and the

mean wire feed speed for the respective cross-section of the

joint being calculated as a function of the average mean

wire feed speed and the ratio of the polygon area of the

ghr—
—

current cross-section of the joint to the mean value of the

polygon areas, whereas a set mean welding speed 1S

pr—

associated with the mean value of the polygon areas of the

cross-sections of the joint and the welding speed for the

P

respective cross-sections of the joint 1is calculated as a

—t

function of the mean welding speed and the ratio of the mean

P P

value of the polygon areas to the polygon area of the

current cross-section of the joint.
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15. A method as claimed 1n claim 11 wherein the wvalue

determined for the polygon area of the intermediate layer 1in

each cross-section of the joint is calculated as a function

P

of first, second, third and fourth corner points of the

polygon area, the first and second corner points, which are

the points of intersection between the joint bottom and the

joint sides of the intermediate layer, being measured during

the deposition of a first bead first deposited i1n that layer

P

against one of the joint sides at a predetermined distance I

from that joint side whereas the third corner point, which

P

is the point of i1ntersection between the upper face of the

first deposited bead and said one jolnt side 1s measured

during the deposition of a second bead deposited i1mmediately

thereafter against the other joint side, whereas the fourth

it

corner point, which 1s the point of intersection between the

iy

upper face of the bead deposited against said other joint

side and said other said joint side, 1s calculated by means

of a measured height h; of said first deposited bead, which

in accordance with the formula A, =(h1x\/§2pn /S'm), wherein

S%m and §ﬁm are the corresponding bead areas of the two

deposited beads, provides the height h, and consequently a

point of intersection 1n the bead deposited against the

other jolnt side.

16. The method as claimed 1n claim 15, wherein the

F

beads of the intermediate layer may be 1ncreased by one bead

compared with a preceding layer, should the calculated

polygon area of the intermediate layer exceed S, ,x(Z+1),

F

wherein Sy is a nominal bead area, 2 the number of beads 1in

the preceding layer and I 1s a constant.

17. The method as claimed in c¢claim 16 wherein I=0.5.
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18. The method as claimed in claim 15, the bead areas

of the additional beads in the same intermediate layer may

are achieved by interpolation of the bead areas of the two
weld beads deposited against the joint sides, and the
corresponding wire feed speeds are proportional to the bead

areas.

19. The method as claimed in claim 11 wherein the
position of the weld beads 1n each cross-section of the
joint 1s obtained by positioning the weld beads closest to
the joint sides such that the desilired penetration into said

sides 1s obtained, whereas the position of the intermediate

beads is calculated with the aid of the weld pitch L,

between the bead centers, according to a formula:

L,=L""; k20

~ pn

L, =1-(1-L,)"™; k<0

wherein k=(k,, -k, )xF, F being an empirically determined

Sph

constant coefficient of i1ntensification.

20. The method as claimed in claim 11 wherein after

P
—

deposition of an intermediate layer 1n the joint and prior

to the deposition of the subsequent layer a quotient is

calculated between the mean value of the polygon areas of

—

the cross-sectlions of the remaining cross—-sections of the

joint and the mean value of the cross-sectional areas of the
last deposited intermediate layer in all cross-sections of
the joint, and in that top beads in a top layer are

g

deposited 1n the joint on top of said intermediate layer

when a quotient 1s less than a set value.

21. The method as claimed in claim 20 wherein the

quotient 1s less than 0.7.
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22 . A method as claimed in claim 20 or 21 wherein the

number of beads 1in the top layer 1s 1increased by one,

compared to the number of the last deposited 1ntermediate

layer, 1f the area Ac of the top layer satisfies the

condition Adc>S8,xZxV, ./ V

—tmax © _tpmm 7T

wherein Sp; 1s a nominal bead

area, Z the number of beads i1n the last deposited

intermediate layer, V the average mean wire feed speed

L tpmm

and V

— Lt max

is the highest conceivable wire feed speed.

23. The method as claimed i1n claim 3, wherein the bead
areas of the additional beads 1n the same intermediate layer
are achieved by 1nterpolation of the bead areas of the two
peads deposited agalnst the joint sides, and the
corresponding wire feed speeds are proportional to the bead

arecas.,

24 . The method as claimed 1n claim 5, wherein when at
least three beads are deposited in the joint to form an
intermediate layer, the distance between the weld bead
center, 1s determined for each cross-sectional of the joint

_

as a function of at least one of the symmetrical weld pitch

Lo and the coefficient of inclination of the inter-connection

line of the current cross-section of the joint

P
p—

interconnecting the edges of said joint and the co-efficient

of inclination of the joint bottom, wherein L,=b/zand b is

the width of the joint bottom of the current cross-section

P

of the joint.

25. The method of any one of claims 1 to 24 wherein

the sensor 1s an optical or mechanical sensor.
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