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ABSTRACT

A welding method and a welding system for a projection bolt are provided. The
disclosure comprises a stationary welding machine (5) having supporting arms (8, 9),
each of which is provided with a movable electrode (10) and a fixed electrode (11) and
either of the electrodes has a receiving hole (13) formed thereon for receiviﬁg the shank
(2) of the projection bolt (1), ivherein a projection bolt feed apparatus (14) is mounted
on the stationary welding machine (5). According to the disclosure, the projection bolt
(1) is stopped in the position where the shank (2) of the bolt (1) is coaxial with the

receiving hole (13), then, the shank (2) is inserted into the receiving hole (13). A robot

apparatus (33) brings a work (37) in between both the electrodes, where the welding

operation of welding the projection bolt (1) to the work (37) is completed.

27




10

15

20

25

CA 02420929 2008-06-13

METHOD AND DEVICE FOR WELDING PROJECTION BOLT

BACKGROUND OF THE INVENTION
Field ot the Invention:
10001 ] This invention relates in general to a welding method and a welding system
for a projection bolt.
Description of Related Art:
[0002] A projection bolt comprises a shank on which screw threads are formed, a
flange formed on one end of the shank, and a welding projection formed on the surtface
of the flange opposite to the shank side, wherein the welding projection 1s melted to be
welded to a plate-shape work. The Japanese Patent No. 2509103 discloses an invention,

in which a projection bolt, whose shank 1s inserted in a receiving hole formed on a

movable electrode, 1s welded to a work, such as a steel plate and the like, when the
movable electrode moves forward. The projection bolt 1s stopped first on the axis of the

movable electrode, then is moved along the axis, and the shank of the projection bolt is
inserted 1n the receiving hole.
10003} The prior art described above provides a desired effect as a mechanism for

moving a projection bolt and inserting the shank of the bolt in a receiving hole on an
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electrode. The insertion length for the shank, however, is not accurately controlled in
the prior art. As a result, such a case may occur that an inserting rod resets at a stage
at which the insertion length is insufficient, or that the projection bolt i1s inserted
excessively enough to make a member holding the bolt interfere with the extremity of
S theelectrode. The former case causes the bolt to come off from the receiving hole, due
to the insufficient insertion of the bolt, and the latter case results in damaging the
extremity of the electrode or the bolt holding member. These problems occur because
the rod for bolt insertion is driven by fluid pressure supplied by an air cylinder and the
like. To sol;re the problems, the behavior of components, such as the electrode, rod
10  and so forth, must be set in a proper manner, particularly for dealing with a matter of
how the shank of the projection bolt and the receiving hole on the electrode are allowed
to take each relative position.
[0004] The prior art described above provides a desired effect as a mechanism for
inserting a projection bolt in a receiving hole on an electrode. The prior art, however,
15 lacks a particular consideration for improving the productivity of welding processes.
Further, the prior art does not meet satisfactorily a demand that existing equipment is

. modified in the least extent to achieve the simplification of the equipment and reduction

rrrrrrr

of an equipment cost. For such an operation that a projection bolt is welded to a small
steel plate work, the above demand is particularly i;nponant. Besides, when the work
20 moves forward to be positioned between two electrodes, a proper arrangement must be
made so that the behavior of the work is not hampered. Meanwhile, in the prior ar,
the shank of the bolt cannot be inserted in the receiving hole of the electrode while the

work is kept arranged between both electrodes.
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SUMMARY OF THE INVENTION
[0005] According to one embodiment of the present invention, a welding method for a
projection bolt is the method for welding the projection bolt having a shank, a flange,
and a welding projection formed on the surface of the flange opposite to the shank side,
to a plate shape work. The method comprises the following steps of: supporting the
projectioﬁ bolt by a holding head provided on a moving-back-and-forth feed rod in a
state that the shank of the bolt is projected from the holding head; positioning the

projection bolt on the axis of a movable electrode for moving back and forth by moving

the feed rod; moving forward the movable electrode having a receiving hole for

receiving the shank of the projection bolt and stopping the movable electrode from
moving forward at the point that the shank is inserted into the receiving hole; retreating
the holding head from the axis of the movable electrode for moving back and forth
while the electrode is still; and, after the retreat of the holding head, moving forward the
movable electrode again and welding the projection bolt to the work.

[0006] According to another embodiment of the present invention, a welding system
for a projection bolt is the system for implementing the above welding method, that 1s,
the welding system for welding the projection bolt having a shank, a flange, and a
welding projection formed on the surface of the flange opposite to the shank side, to a
plate shape work. The system comprises a welding machine on which a movable
electrode and a fixed electrode are installed via supporting arms, respectively;, a motor
provided with a changing mechanism changing rotation into back-and-forth movement
for moving the movable electrode; a receiving hole formed on the movable electrode for

receiving the shank of the projection bolt; and a moving-back-and-forth feed rod

provided with a holding head for holding the projection bolt in a state that the shank of




10

15

20

e BAAA e e ALE . ammsa enme anssabhidmams.s b sumewe

CA 02420929 2003-02-27
10448usf.rtf

the bolt is projected.

[0007] As the motor, an AC (Alternating Current) servomotor is typically employed,
and the motor is equipped with the changing mechanism for changing rotation to back-
and-forth movement. In general, the basic principle of the changing mechanism is that
a screw shaft penetrates in a female screw block, which is rotated to make the screw
shaft move back and forth, wherein a ball screw method is employed for reducing
mechanical resistance produced upon operating the mechanism. In employing such a
changing mechanism, the number of revolutions of the AC servomotor is set precisely
according to a command from a controller, so that the extent of back-and-forth
movement of the screw shaft can be controlled accurately.

[0008] The characteristics of the motor make it possible to determine precisely the
stopping position of the ;ﬁovable electrode within a prescribed range. Therefore, the
forward movement of the movable electrode is stopped instantly when the movable
electrode moves toward the shank of the bolt in wait and the shank has come into the
receiving hole in a prescribed length. While the movable electrode is still, the holding
head retreats, and the movable electrode holding the projection bolt moves ahead again,
pressing the welding projection to the work to be energized, then the welding operation
ends.

[0009] In the abo;re‘ operation, the control of the mechanism for changing the rotation
of the motor into back-and-forth movement and the dnve cont;ol of the motor are
executed properly and accurately, so that the stopping position of the movable electrode

can be determined in a precise manner. This fact indicates that if the length of shank

insertion in the receiving hole is less than a prescribed length, the holding head cannot

be retreated. That is, the shank insertion with an insufficient length makes the shank
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incline abnormally in the receiving hole when the holding head retreats in the direction
perpendicular to the electrode axis, making it difficult to insert the shank into the
receiving hole smoothly. On the other hand, if the movable electrode is allowed to
move forward to come too close to the holding head, the holding head and the movable
electrode come to interfere, damaging each other.

[0010] It should be particularly noted in the present invention that the motor provides
a control operation most appropriate for controlling the forward movement of the
movable electrode. In other words, properly controlled output of the motor is
sufficient enough to satisfy motion characteristics required for the movable electrode.
If the forward movement of the movable electrode is controlled by a conventional
technique, such as an air cylinder, it will be extremely difficult to temporarily stop the
electrode within a required range and allow it to move forward again. In that case, the
control will have to be made by a special two-stage cylinder. Also, according to the
present invention, when the extent of forward movement by the movable electrode
needs to be changed according to the replacement of a work or a projection bolt,
changing the operation control memory of the motor allows the electrode to make
necessary adjustment easily corresponding to the replacement of the work or bolt,
eliminating the necessity for replacing an air cylinder as required in a conventional
technique. Thus, coptrolling the movement of the electrode by the motor, as described
here, has great advantages in terms of equipment arrangement and economy.

[0011] The feed rod is provided on a projection bolt feed apparatus, which can be
mounted on part of thé welding machine. Since the projection bolt feed apparatus is to
be mounted on an existing welding machine as an additional component, a minor

modification of the welding machine enables the installation of the feed apparatus on
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the welding machine. Therefore, it is also advantageous in terms of equipment
arrangement and economy.

[0012] It is desirable that the projection bolt feed apparatus be arranged on the rear of
the electrodes in the view across the length of the supporting arms. This arrangement
prevents the projection bolt from interfering with a work when it comes into between
the movable electrode and the ﬁxéd electrode. Both electrodes are arranged on the
extremity of the suppdrting arms, respectively, so that the work is guided to a position
between both the electrodes first, and is subjected to a welding operation smoothly
without interfering with other members.

[0013] It is also desirable that a drive means for retreating the holding head from the
axis of the movable electrode for moving back and forth be provided. When the
movable electrode is moved forward and the shank of the bolt is inserted in the
receiving hole in a prescribed length, the electrode stops moving at that point. Then,
the holding head is retreated from the axis of the movable electrode for moving back
and forth by the drive means. As described here, while the forward movement of the
movable electrode is under accurate control, it is stopped and the holding head 1s
retreated, so th#t the holding head is retreated after the bolt has been held surely in the
receiving hole of the movable electrode. Therefore, the operation of moving forward
the movable electrode and retreating the holding head is precisely carried out, which
provides a highly reliable operability.

[0014] The feed rod can be inclined in two directions against the supporting arms,
enabling the arrangement that the shank of bolt held by the holding head is stopped in
the position where the bolt is coaxial with the receiving hole. With this arrangement,

the feed rod is positioned so as to cross the supporting arms from a diagonal direction.
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As a result, the holding head holding the shank can make a linear motion to come and
reach the position where the shank is coaxial with the fixed electrode.

[0015] According to another embodiment of the present invention, it is also provided
a welding system for a projection bolt for welding the projection bolt having a shank, a
flange, and a welding projection formed on the surface of the flange opposite to the
shank side, to a plate shape work. The system comprises a stationary welding machine
having multiple pairs of supporting arms, each supporting arm provided with a movable
electrode and a fixed electrode, either of which having a receiving hole for inserting the
shank therein. Projection bolt feed apparatuses are mounted on the stationary member
of the stationary welding machine, and a work is held by a robot apparatus and is moved
between both the electrodes.

[0016] The projection bolt feed apparatuses mounted on the statiénary member of the
stationary welding machine insert the shank of the projection bolt into each receiving
hole of respective electrodes.' In this state, the robot apparatus brings the work in
between both the electrodes, and the movable electrodes operate, then the welding
projection of the bolt and the work are pressed together, energized, and welded together.
In this embodiment, both the electrodes and the projection bolt feed apparatuses are
arranged as multiple pairs so that a multi-point bolt welding on one work becomes
possible, which is effective for improving p}oducﬁvity. It is particularly emphasized
that, by arranging the electrodes and bolt feed apparatuses as multiple pairs, welding
operations are carried out at a plurality of spots on the work simultaneously or
alternately, and the traveling distance of the work by the robot apparatus is shortened.
Therefore, this embodiment makes it possible to weld a number of projection bolts in a

brief o peration time, having a great advantage for improving productivity.
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[0017] The system described above can be achieved by modifying the arrangement of
the welding unit of the stationary welding apparatus, replacing the single welding unit
with a plurality of welding units, and arranging the projection bolt feed apparatuses
according to the modification. Therefore, it becomes possible to reduce equipment
cost and simplify equipment arrangement utilizing existing equipment. As described
here, the stationary member of the stationary welding machine and the projection bolt
feed apparatuses are combined as respective independent units, so that the welding of
the projection bolt can be completed at a target spot on an incoming work while the bolt
is kept fed on the electrodes. Besides, the modification required is simple, such that
the projection feed apparatuses are mounted on an existing stationary welding machine.
Since an existing robot apparatus is also used for this embodiment, no economic
problem in terms of modification or arrangement arises.

[0018] Each projection feed apparatus can be arranged on the rear of the electrodes in
the view across the length of the supporting arms. This arrangement prevents the
projection feed apparatus from interfering with the work coming in between both the
electrodes. Since each electrode is provided on the extremity of each supporting arm,
the work is guided to the position between both the electrodes first, so that a welding
operation is carried out as the work does not interferes with other members. This fact
is very important for avoiding a problem of interfering in such a case that a work has a
shape with complicated curves.

[0019] The projection bolt feed apparatus can be comprised of a holding head fitted
on a moving-back-and-forth feed rod and a drive means for inserting the shank of a
projection bolt in the receiving hole. The moving-back-and-forth feed rod moves into

or retreats from between both the electrodes, allowing the projection bolt locked on the
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holding head to come in between both the electrodes. Particularly, the shank can be
moved to the receiving hole in a precise manner by stopping the forward move of the
feed rod in the position where the shank is coaxial with the recetving hole. The shank
is inserted into .the receiving hole by the output of the drive means, so that the bolt can
be supplied in a highly reliable manner, following the forward move of the feed rod.

[0020] The drive means is fixed to the stationary member of the stationary welding
machine, and has an output member on which a back-and-forth driving means for the

feed rod is fixed. The feed rod is inclined in two directions against the supporting

arms, 80 that the shank of the projection bolt held. on the holding head is stopped in the
position where the shank is coaxial with the receiving hole, and the shank is inserted
into the receiying hole from that position. Since both the back-and-forth driving
means for the feed rod and the drive means for guiding the shank to the receiving hole
are arranged, moving thé bolt in between both electrodes and inserting the shank into
the receiving hole are performed without fail. This behavior is achieved mainly
because of the fact that the back-and-forth driving means is fixed to the output member
of the drive means. Further, the feed rod is inclined in two directions against the
supporting arms, so that the projection bolt can be moved from the rear of the electrodes
in between both electrodes. As a result, it becomes easy to arrange the projection bolt
feed apparatus as a upit provided on the stationary member of the stationary weldihg |
machine.

[0021] Each pair of the movable electrodes, fixed electrodes, and projection bolt feed
apparatuses can be arranged symmetrically on both sides divided by the center line of
the work as multiple welding units. Arranged on both sides of the center of the work,

each welding unit carries out a bolt welding on both sides of the work simultaneously or
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alternately. In addition, the above arrangement reduces the transfer distance of the
work transferred by the robot apparatus, making it possible to welding a number of bolts
in a short time.

[0022] Further, according to another embodiment of the present invention, it is also
provided a welding system for a projection bolt for welding the projection bolt having a
shank, a flange, and a welding projection formed on the surface of the flange opposite to
the shank side, to a plate shape work. The system comprises a stationary welding
machine on which a movable electrode and a fixed electrode are installed via supporting

arms, respectively; a receiving hole formed on either of both the electrodes for receiving

the shank of the projection bolt; a projection bolt feed apparatus mounted on the
stationary member of the stationary welding machine; and a robot apparatus for holding
a work and moving it in or from betv?een both the electrodes; wherein the distance
between the work and either of the electrodes is set so as to allow the projection feed
apparatus to insert the shank into the receiving hole while the work is kept positioned |
between both the electrodes. Therefore, the bolt shank can be inserted into the
receiving hole while the work is kept positioned between both the electrodes when the
work is distanced from the electrode having the receiving hole, or made contact with the
electrode without the receiving hole. Thus, bolts can be fed without moving a large
work in every bolt fee_ding. In such a manner, welding efficiency is iniprovcd.

[0023] Hereinafter, the present invention is to be described in detail according to the

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] While the specification concludes with claims particularly pointing out and

10
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distinctly claiming the subject mater which is regarded as the invention, the objects and
features of the invention and further objects, features and advantages thereof will be
better understood from the following description taken in connection with the
accompanying drawings in which:

[0025] Fig.1 is a plan of the projection bolt welding system showing one embodiment
of the present invention.

[0026] Fig. 2 is an elevation of the system illustrated in Fig. 1.

[0027] Fig. 3A to 3D is a series of elevations showing an operational order.

[0028] Fig. 4 is a longitudinal section showing the relation between one example of
the holding head and the receiving hole.

[0029] Fig. S is a longitudinal section of the holding head illustrated in Fig. 4.

[0030] Fig. 6 is a longitudinal section showing the relation between another example
of the holding head and the receiving hole.

[0031] Fig. 7 is a longitudinal section showing a control system for the changing
mechanism.

[0032] Fig.8 is a plan of the projection bolt welding system showing another
embodiment of the present invention.

[0033] Fig. 9 is a longitudinal section of the system illustrated in Fug. 8.

[0034] Fig. 10 is a longitudinal section showing the relation between the holding head
illustrated in Fig. 6 and the receiving hole.

[0035] Fig. 11 is a side elevation of a projection bolt.

DESCRIPTION OF THE PREFEERED EMBODIMENT

[0036] First, a projection bolt is described referring to Fig. 11. The projection bolt 1

11
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is, for example, made of steel, having a shank 2, a circular flange 3 integrally formed
with the shank 2, and a welding projection 4 formed on the surface of the ﬂange
opposite to the shank side. It is applicable to the embodiment to form a plurality of,
for example three or four of, wart-shaped projections, instead of forming a welding
projection with the illustrated shape.

[003 71 In Fig. 1 and 2, a stationary welding machine, shown as a general view, is‘
represented by a reference number 5, wherein supporting arms 8, 9 are joined to a pillar
7 erected on a floor 6. The supporting arms 8, 9 have a movable electrode 10 and a
fixed electrode 11, respectively, wherein the movable electrode 10 is driven with a
motor 12 mounted on the supporting arm 8.  Either of the electrode 10 or electrode 11
is provided with a receiving hole 13 for receiving the shank 2 of the projection boit 1.
It is clearly shown in Fig. 2 and Fig. 4 that the movable electrode 10 is provided with
the receiving hole 13.

[0038] A reference number 14 represents a projection bolt feed apparatus, which is
arranged on the rear of the electrodes in the view across the length of the supporting
arm 8. That is, the supporting arm 8 has the movable electrode 10 on its extremity, and
the feed apparatus 14 is arranged on the rear of the electrode 10, as shown on the right
in Fig. 1 and Fig. 2. In other words, when a work moves toward the stationary welding
machine 5, the work comes in between. both the electrodes 10, 11 first, where the feed
apparatus 14 does not interfere with the work.

[0039] A drive means 5 is mounted on the upper part of the pillar 7. The output of
the drive means 15 is taken out as a power for moving-back-and-forth movement,

wherein the direction of the output itself is orthogonal to the axis of the movable

electrode 10 for moving back and forth. The drive means 15 is comprised of an air

12
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cylinder having a piston rod 16 to which a bracket 17 is joined, wherein a back-and-
forth driving means 19 for a feed rod 18 is fixed to the bracket 17. The means 19 is
comprised of an air cylinder 19, which is integrated with the piston rod 16 via the
bracket 17. A motor can be employed as a replacement for the air cylinder 15, i.e., the
drive means 15, and for the air cylinder 19. In this case, a mechanism for changing the
rotation of the motor to linear motion is provided as a mediating means. The drive
means 15 is mounted on the stationary member of the stationary welding machine,
wherein the side of the pillar represents the stationary member.

[0040] The feed rod 18 is inclined in two directions against the supporting arm 8

extending horizontally. The inclination is set as an angle of @1 in the view from the

direction of Fig. 1 and @2 in the view from the direction of Fig. 2. Therefore, the

', -~

feed rod 18 is kept in a position diagonally crossing the supporting arm 8. A holding
head 20 is joined to the extremity of the feed rod 18, on which the shank 2 of the
projection bolt is held, and the shank 2 is made coaxial with the receiving hole 13 when
the holding head 20 has moved forward.

[0041] The axis of the holding head 20 crosses the axis of the feed rod 18 in an acute
angle. On a head body 21, a housing slot 22 having one open side is formed, the open
side illustrated in Fig. 4 as the left side, for housing the flange 3. Since the welding
projection 4 is integrally formed on the flange 3, the housing slot 22 not only comprises
a large width part 22a for housing the flange 3, but also a small width part 22b for
housing the welding projection 4, as shown in Fig. 5. A permanent magnet 23 is
buried under the housing slot 22, attracting the flange 3 in the housing slot 22 to hold
the projection bolt 1 in a stable manner. While the projection bolt is held, the outer

periphery of the flange 3 is closely attached to the stepped portion of the surface of the

13
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housing slot 22.

[0042] Fig. 6 shows a recession 24, which is a variation of the housing slot 22. The
recession 24 comprises a large diameter part 24a and a small diameter part 24b, which
are formed for the flange 3 and the welding projection 4, respectively. An air passage
25 is formed in the center of the head body 21, providing an opening on the boftom of
the small diameter part 24b. A character 26 represents an air hose connected to the air
passage 25 and a character 27 represents a permanent magnet arranged deep inside of
the receiving hole 13, wherein the magnet holds by its attractive force the bolt 1 inserted
into the receiving hole 13. The magnet 27 is- arranged in the same manner, as
described in Fig. 6, in the embodiment shown in Fig. 4. Even if the upper-and-lower
relationship between the receiving hole and thé holding head, as shown in Fig. 4 and Fig.
6, is reversed, the bolt is retained stably, owing to the magnet 27.

[0043] When the feed rod 18 is retreated, an arrangement should be made so that the
housing slot 2 or the recession 24 is prepared for receiving the flange 3. For the

arrangement, a supporting strip 28 is fixed to the air cylinder 19, and the supporting

strip 28 is joined to a part feed pipe 29, whose end is aligned with the holding head 20
in the retreated position (illustrated by a phantom line in Fig. 2). The part feed pipe 29
is connected to a parts feeder 30, which sends the projection bolt 1 by compressed air
coming thfough an air hose 31, to the holding head 20.

[0044] A robot apparatus 33 is an ordinary general purpose robot of 6-shaft-type.
The robot apparatus 33 has a joint arm 34 to which an air cylinder 35 having a chuck
mechanism 36 fitted on its extremity is joined, wherein a steel work 37 is pinched
firmly by the chuck mechanism 36. The work 37 held by the robot apparatus 33 is

brought to a position separated from the electrode 10 having the receiving hole 13, as

14
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shown in Fig. 2, that is, to the position where the work 37 is in contact with the fixed
electrode 11 or a small gap is formed between the work and the fixed electrode 11.
The reason for bringing the work 37 to such a particular position is to allow the
projection bolt feed apparatus 14 to insert the shank 2 into the receiving hole 13 while
the work 37 is positioned between both the electrodes 10, 11. Therefore, it is arranged

in such a way that the gap between the work 37 and either of the electrodes are set as an

- enough space to allow the shank 2 to be inserted into the receiving hole.

[0045] It is appropriate to employ an AC servo motor as the motor 12. As shown in
Fig. 7, the motor 12 has an output shaft 38 outputting rotation. A changing mechanism
39 is provided for changing the output rotation to back-and-forth movement. Among
various types of mechanisms that can be employed as such a mechanism, one of so-
calleci ball screw unit types is used 'in this embodiment. In this case, a drive gear 40
fixed to the output shaft 38 is engaged with a driven gear 41 having cylindrical part 42,
inside of ; which helical grooves are formed. A number of steel balls 43 are inserted in
the helical grooves to support a screw shaft 44.

[0046] The screw shaft 44 has a built-in control circuit, which can set the relation
between the number of revolutions of the motor 12 and the range of back-and-forth
motion the movable electrode 10 makes. A controller 45 is made to memorize the
length of a first strokg and of a second stroke to follow the first strc;ke. If the first stroké
is long enough to surpass a stop range L shown in Fig. 4, the holding failure of the
projection bolt, as mentioned before, will occur, so that it is essential to control the
movable electrode to stop it within the stop range L. To meet such a demand, it is
great advantage for controlling the forward stroke of the welding electrode to control

the AC servomotor, as the motor 12, by the controller 45.
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[0047] The first stroke represents the stage at which the movable electrode 10 is
moved forward in the position shown in Fig. 4 and is stopped within the stop range L.
In this state, the air cylinder 15 operates to move the holding head 20 to the right,
leaving the shank 2 in the receiving hole 13. Then, the shank 2 attracted to the magnet
27 comes completely into the receiving hole 13, making the flange 3 closely attached to
the end face of the movable electrode 10. On the following second stroke, the
movable electrode 10 moves forward again, pressing the welding projection 4 to the
work 37, and energizing the welding projection to complete the welding operation.
When the movable electrode 10 returns to the original position, the projection bolt 1
remain welded to the work 37, and is transferred to the next process by the robot
apparatus 33,

[0048] So far, a description has been made concerning the embodiment illustrated
mainly by Fig. 1 to Fig. 7. Now;, a further description is given regarding the operations
in the above embodiment. When the holding head 20 is in the position illustrated by
the two-dot chain line in Fig. 2, the parts feeder 30 sends the projection bolt 1 to the
holding head 20. Then, the flange 3 of the bolt and the welding projection 4 are
housed in the housing slot 22 or the recession 24, where the shank 2 of the boit is kept
projected upward from the holding head 20. Next, the feed rod 18 is moved forward
and is stopped n the’ position where the shank 2 is coaxial with the receiving hole 13.
Further, the movable electrode 10, which is under control by thgz motor 12, is moved
forward to reach the stop range L and is stopped to finish the first stroke. After that,
the holding head 20 is moved away to the right, as shown as a sidewise move in Fig. 4,
by the drive means 15, so that the flange 3 slides along the inside of the housing slot 22

and the shank 2 remains inside the receiving hole 13.
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[0049] As the second stroke, the movable electrode 10 is moved forward again, then,
the welding projection 4 is welded to the work 37. Upon welding, the work 37 has
been already brought in between both the electrodes by the robot apparatus 33, wherein
the work 37 is made in contact with the fixed electrode 11. A series of operational

orders described above are shown in Fig. 3 as step-to-step illustrations.

[0050] When the receiving hole is formed as the recession 24 as shown in Fig. 6,

compressed air is blown out from the air passage 25 and the bolt with the shank 2 and

the flange 3 is fitted completely into the receiving hole 13, then the holding head 20 is
retreated.

[0051] In Fig. 7, a reference number 46 represents a sensor for detecting the forward
movement of the movable electrode 10. The sensor 46 is provided as an additional
component effective for improving operational accuracy. A signal form the sensor 46
is input in the controller 45, s£0pping the motor 12. More accurate stop position
control can be made if a brake, which is not illustrated, is operated at the time of

stopping the motor.

[0052] Next, a reference is made to Fig. 8 and 9. In the Figures, the stationary
welding machine, shown as a general view, is represented by the reference number 5.
The supporting arms 8, 9 are joined to the pillar 7 erected on the floor 6, wherein the
supporting arms 8, 9 have the movable electrode 10 and the fixed electrode 11,
respectively. The movable electrode 10 is driven with the air cylinder 12 mounted on
the supporting arm 8. Either of the electrode 10 or electrode 11 is provided with the
receiving hole 13 for receiving the shank 2 of the projection bolt 1. In this case, as
clearly shown in Fig. 10, the receiving hole 13 is formed on the movable electrode 10.

The air cylinder 12 can be replaced with a motor, where a mechanism for changing
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rotation to linear motion is used in combination.

[0053] The projection bolt feed apparatus, as shown in a general view, is represented
by the reference number 14. The feed apparatus 14 is positioned on the rear of the
electrodes in the view across the length of the supporting arm 8. That 1s, the
supporting arm 8 has the movable electrode 10 on its extremity, and the feed apparatus
14 is arranged on the rear of the electrode 10, as shown on the right in Fig. 1. In other
words, when a work moves toward the stationary welding machine 5, the work comes in
between both the electrodes 10, 11 first, where the feed apparatus 14 does not interfere
with the work.

[0054] In this embodiment, as illustrated in Fig. 8 and 9, the movable electrode 10, the

- fixed electrode 11, and the projection bolt feed apparatus 14b are arranged as a set of

components, and a plurality of them are provided on the stationary welding machine 5.
Fig. 8 shows a case where two sets of the components are provided. The pillar is
provided with a plurality of supporting arms 8, 9, each having the movable electrode 10
and the fixed electrode 11. A plurality of projection bolt feed apparatuses 14
corresponding to the receiving hole of each electrode are also arranged.

[0055] A bracket 15 is fixed to both sides of the pillar 7 and an air cylinder 16, as a
drive means, is fitted on each bracket 15. Piston rods 17 are output members for the
drive means, to which the moving-back-and-forth means 19 for the feed rods 18 are
fixed. Each means 19 is comprised of an air cylinder, and the piston rod 17 and the air
cylinder 19, i.e., the means 19, are coupled integrally via a coupling bracket 20 joined to
the air cylinder 19. The air cylinders 16, 19 can be replaced with motors. Upon

employing the motor, a mediating mechanism is provided for changing the rotation of

the motor to linear motion. The drive means 16, i.e., the atr cylinder 16, are mounted
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on the stationary members of the stationary welding machine, which are the sides of the
pillar.
[0056] The feed rod 18 is inclined in two directions against the supporting arm 8

extending horizontally. The inclination is set as the angle of &1 in the view from the
direction of Fig. 8 and 62 in the view from the direction of Fig. 9. Therefore, the

feed rod 18 is kept in a position diagonally crossing the supporting arm 8. A holding
head 21 is joined to the extremity of the feed rod 18, on which the shank 2 of the
projection bolt is held, and the shank 2 is made coaxial with the receiving hole 13 when
the holding head 21 has moved forward. .

[0057] The axis of the holding head 21 crosses the axis of the feed rod 18 in an‘awte
angle. On a head body 22, a circular recession 24 open upward is formed, as
illustrated in Fig. 10, for housing the flange 3 of the projection bolt 1. Since the
welding projection 4 is integrally formed on the flange 3, the recession 24 not only
comprises a large diameter’part 24a for housing the flange 3, but also a small diameter
part 24b for housing the welding projection 4. The permanent magnet 23 is buried
deep inside the recession 24, attracting the flange 3 in the recession 24 to hold the
projection bolt 1 in a stable manner, While the projection bolt is held, the outer
periphery of the flange 3 is closely attached to the bottom of the large diameter part 24a,
as shown in Fig. 10. -

[0058] The air passage 25 is formed in the center of the head body 22, providing an

opening on the bottom of the small diameter part 24b. Compressed air is sent through
the air passage 25, forcing the flange 3 to come off from the recession 24 against the

attractive force of the magnet 23, and brings the shank 2 completely fitted into the

receiving hole 13, wherein the compressed air is supplied at the time when part of the
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shank 2 comes into the receiving hole 13. The reference number 26 represents the air
hose connected to the air passage 25. Once the bolt 1 has been fitted into the receiving
hole 13, the bolt 1 is attracted and held securely with the permanent magnet 27 arranged
deep inside the receiving hole 13.  Even if the upper-and-lower relation between the
receiving hole and the holding head is reversed, the bolt will be held in a stable manner
with the magnet 27 as in the original state.

[0059] When the feed rod 18 is in the retreated position, it is necessary to prepare the
recession 24 for receiving the flange 3 therein. For that preparation, the part feed pipe
29 is connected to the bracket 20 via the supporting strip 28, and the retreated holding
head 21 is aligned with the end of the part feed pipe 29, as lllustrated by a phantom
chain line in Fig. 9. The part feed pipe 29 is connected to the parts feeder 30, which
sends the projection bolt by compressed air supplied by the air hose 31, to the head 21.
[0060] The robot apparatus 33 is an ordinary general purpose robot of 6-shaft-type.
The robot apparatus 3 has the joint arm 34 to which the air cylinder 35 having the chuck
mechanism 36 fitted on its extremity is joined, wherein the steel work 37 is pinched
firmly by the chuck mechanism 36. The work 37 held by the robot apparatus 33 is
brought to a position separated from the electrode 10 having the receiving hole 13, as
shown in Fig. 9, that is, to the position where the work 37 is in contact with the fixed
electrode 11 or a small éap is formed between the work and the fixed electrode 11.
The reason for bringing the work 37 to such a particular position is to allow the
projection bolt feed apparatus 14 to insert the shank 2 into the receiving hole 13 while
the work 37 is positioned between both the electrodes 10, 11. Therefore, it is arranged

in such a way that the gap between the work 37 and either of the electrodes are set as an

enough space to allow the shank 2 to be inserted into the receiving hole.
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[0061] Next, a further description relating to the operations in the embodiment
illustrated mainly in Fig. 8, 9, and 10 is to be given. When the holding head 21 15 in
the position illustrated by the two-dot chain line in Fig. 9, the parts feeder 30 sends the
projection bolt 1 to the holding head 21. Then, the flange 3 of the bolt and the welding
projection 4 are housed in the recession 24, where the shank 2 of the bolt is kept
projected upward from the holding head 21. Next, the feed rod 18 is moved forward
and is stopped in the position where the shank 2 is coaxial with the receiving hole 13.
When the feed rod 18 moves away as the air cylinder operates, the shank 2 comes into
the receiving hole 13, and completely fits into the receiving hole 13 as the compressed
air from the air passage 25 blows out, then is attracted and held with the magnet 27.
After that, the holding head 21 returns to the original position by tracing back the course
of its proceeding.

[0062] The work 37 in a position away from the stationary welding machine 5 is
grabbed by the chuck mechanism 36, and is brought in between both the electrodes 10,
11 by the functions of the air cylinder 35 and the like. At this time, the work 37 i1s
stopped in the position where the work is in contact with the fixed electrode 11, as
illustrated by a phantom line in Fig. 9. Then, the movable electrode 10 moves forward,
pressing the welding projection 4 to the work 37 to be energized, and the projection bolt
| is welded to the work 37.  In this embodiment, such a welding operation as desc;ribed
above is carried out simultaneously or alternately on both sides of the work 37 divided
by the center line 0 by multiple pairs, two pairs in this case of Fig. 9, of units.
Following the completion of one or plurality of welding operations, the shank 2 of the
next projection bolt 1 is inserted into each receiving hole and the chuck mechanism of

the robot is moved to shift the position of the work 37 so that the next welding spot
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corresponds to the position of electrodes, then bolt welding is carried out again. When
a plurality of bolts have been welded to the work as planed according to the above
process, the robot apparatus 33 operates to retreat the work 37 from between both the
electrodes 10, 11, completing the bolt welding operation on the work. Then, the work
37 is carried off for the next process.

[0063] Whilé the work 37 is kept in contact with the fixed electrode 11, as illustrated
in Fig. 9, the movable electrode 10 is retreated upward after the completion of bolt
welding operation, the holding head 21 holding the bolt 1 is moved forward again, and
the shank 2 is inserted into the receiving hole 13 to be held by the movable electrode 10.

To enable the holding head 21 to insert the shank in a manner described above, a p’roper'

| distance is secured between the work 37 and the movable electrode 10.

[0064] The embodiment illustrated in Figures cited here can be carried out even if the

holding head and the receiving hole are set in the reversed position. The stationary

welding machine includes supporting arms as its stationary member. Therefore, it is

applicable to the embodiment to mount the projection bolt feed apparatus on the side of
the supporting arm.

[0065] While the present invention has been described with a preferred embodiment,
this description is not intended to limit our invention. Various modification of the
embodiment will be apparent to those skilled in the art. It is therefore contemplated
that the appended claims will cover any such modifications or embodiments as fall

within the true scope of the invention.
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CLAIMS:

1. A welding method for a projection bolt for welding the projection bolt having
a shank, a flange, and a welding projection formed on the surface of the flange opposite
to the shank side, to a plate shape work, comprising the following steps of:

supporting the projection bolt by a holding head provided on a moving-back-and-
forth feed rod in a state that the shank of the bolt is projected from the holding head;

positioning the projection bolt on the axis of a movable electrode for moving
back and forth by moving the feed rod;

moving forward the movable electrode having a receiving hole with a motor,
which is provided with a changing mechanism changing rotation into the back-and-tforth
movement, for receiving the shank of the projection bolt and stopping the movable
electrode from moving forward at the point that the shank is inserted into the receiving
hole:

retreating the holding head from the axis of the movable electrode for moving
back and forth while the electrode is still; and

moving forward the movable electrode again and welding the projection bolt to
the work after the retreat of the holding head.

2. A welding system for a projection bolt for welding the projection bolt having
a shank, a flange, and a welding projection formed on the surface of the flange opposite
to the shank side, to a plate shape work, comprising:

a welding machine on which a movable electrode and a fixed electrode are
installed via supporting arms, respectively;

a motor provided with a changing mechanism changing rotation into back-and-

forth movement for moving the movable electrode;

a receiving hole formed on the movable electrode for receiving the shank of the
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projection bolt; and

a moving-back-and-forth feed rod provided with a holding head for holding the
projection bolt in a state that the shank of the bolt 1s projected.

3. The welding system for a projection bolt according to claim 2, further
comprising a projection bolt feed apparatus mounted on part of a welding machine,
wherein the projection bolt feed apparatus is equipped with a feed rod.

4, The welding system for a projection bolt according to claim 3, wherein a
projection bolt feed apparatus is arranged on the rear of electrodes in the view across the
length of the supporting arms.

5. The welding system for a projection bolt according to claim 2, further
comprising a drive means for retreating a holding head from the axis of a movable
electrode for moving back and forth.

6. The welding system for a projection bolt according to claim 2, wherein a feed
rod 1s made inclined in two directions against supporting arms so as to allow the shank of
the projection bolt held on a holding head to stop in the position where the shank is
coaxial with a receiving hole.

7. A welding system for a projection bolt for welding the projection bolt having

a shank, a flange, and a welding projection formed on the surface of the flange opposite

to the shank side, to a plate shape work, comprising:

a stationary welding machine having multiple pairs of movable electrodes and
fixed electrodes installed on the stationary welding machine via respective supporting
arms, also having multiple motors each provided with a changing mechanism changing
rotation into back-and-forth movement for moving one movable electrode;

a receiving hole for receiving the shank of said projection bolt, the receiving hole

formed on either of said electrode;
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a projection bolt feed apparatus mounted on the stationary member of said
stationary welding machine; and

a robot apparatus for holding said work and moving it in or from between both
said electrodes.

8. The welding system for a projection bolt according to claim 7, wherein said
projection bolt teed apparatus is arranged on the rear of electrodes in the view across the
length of said supporting arms.

9. The welding system for a projection bolt according to claim 7, wherein said
projection bolt feed apparatus comprises a holding head fitted on a moving-
back-and-forth feed rod having a back-and-forth driving means and a drive means for
inserting the shank of a projection bolt into said receiving hole.

10. The welding system for a projection bolt according to claim 9, further
comprising:

said drive means fixed to the stationary means of said stationary welding
machine: and

a back-and-forth driving means for a feed rod, which is fixed to the output
member of said drive means,

wherein, said feed rod 1s made inclined in two directions against said
supporting arms, so that the shank of a projection bolt held on a holding head is stopped
In the position where the shank is coaxial with a receiving hole and the shank is inserted
from the stopping position into the receiving hole.

11. The welding system for a projection bolt according to claim 7, wherein
multiple pairs of movable electrodes, fixed electrodes, and projection bolt feed
apparatuses are symmetrically arranged on both sides divided by the center line of a

work, respectively.
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12. A welding system for a projection bolt for welding the projection bolt
having a shank, a flange, and a welding projection formed on the surface of the flange
opposite to the shank side, to a plate shape work, comprising;:

a stationary welding machine on which a movable electrode and a fixed
electrode are installed via supporting arms, respectively;

a motor provided with a changing mechanism changing rotation into back-and-

forth movement for moving the movable electrode;

a receiving hole formed on either of both said electrodes for receiving the shank

of the projection bolt;

a projection bolt feed apparatus mounted on the stationary member of the

stationary welding machine; and

a robot apparatus for holding a work and moving it in or from between both
said electrodes,
wherein the distance between the work and either of the electrodes 1s set so as to

allow the projection feed apparatus to insert the shank into said receiving hole while the

work is kept positioned between both said electrodes.

RIDOUT & MAYBEE LLP
Toronto, Canada

Patent Agents
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