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FIG. 1

(57) Abréegée/Abstract:

A moving mechanism (13) brings the rotational axis (C2) of each driven rotator (8) into alignment with the rotational axis (C1) of a
drive rotator (45), which has an engaging face (45b) extending along its rotational axis. Each driven rotator (8) has an engageable
face (8d) extending along the rotational axis of the drive rotator (45). Rotating the drive rotator (45) while moving the driven rotator
(3), of which the rotational axis (C2) is aligned with the rotational axis (C1), toward the drive rotator (45) will bring the engaging face
(45b) Into engagement with the engageable face (8d).
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ABSTRACT

A moving mechanism (13) brings the rotational axis (C2) of each driven rotator (8)

into alignment with the rotational axis (C1) of a drive rotator (45), which has an engaging face

5 (45b) extending along its rotational axis. Each driven rotator (8) has an engageable face (8d)
extending along the rotational axis of the drive rotator (45). Rotating the drive rotator (45)
while moving the driven rotator (8), of which the rotational axis (C2) is aligned with the
rotational axis (Cl), toward the drive rotator (45) will bring the engaging face (45b) into

engagement with the engageable face (8d).
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DESCRIPTION

ROTARY CHANGER

TECHNICAL FIELD

[0001] The present invention relates to a rotary changer configured to replace a contact tip

screwed on, and coupled to, a tip end of a torch body of a welding torch for use in arc

welding.

BACKGROUND ART

[0002] A rotary changer for attaching or removing a contact tip to/from a tip end of a torch
body of a welding torch for use in arc welding has been generally known 1n the pertinent art.
For example, the rotary changer disclosed in Patent Document 1 includes a plurality of rotators
for turning a contact tip on their center axis in order to perform such contact tip replacement
work efficiently. Those rotators are horizontally arranged side by side m a rectangular
parallelepiped housing holder such that their rotational axes are oriented vertically. A spur
gear, of which the rotational axis is aligned with that of one of those rotators, is attached to the

bottom of the rotator. A single drive motor with a vertically extending drive shatt is arranged

under the housing holder, and a pinion gear facing imward under the housing holder 1s attached to
the drive shaft. The housing holder 1s horizontally movable with a rack and pinion mechanism.
Horizontally moving the housing holder transters those rotators one after another to a tip
replacement posttion where the contact tip is replaced with respect to the welding torch, and also
allows the pinion gear to mesh with the spur gear of the rotator that has moved to reach the tip
replacement position. This facilitates a change of the rotators at the tip replacement position

where the contact tp 1s to be replaced, and also connects the rotator located at the tip
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replacement position to a driving part that turns the rotator, thereby rotating the rotator at the tip

replacement position.

CITATION LIST
PATENT DOCUMENT

[0003] PATENT DOCUMENT 1: Japanese Unexamined Patent Publication No. 2002-

192345

SUMMARY OF INVENTION

TECHNICAL PROBLEM

10004]  According to Patent Document 1, the spur gear of each of those rotators is allowed
to mesh with the pinion gear attached to the drive shatt of the drive motor while being moved
perpendicularly to its rotational axis. Therefore, repeated changes of the rotators at the tip
replacement position would put a heavy load on the respective teeth of the spur and pinion
gears in the tooth thickness direction, every time the spur gear meshes with the pinion gear,
thus eventually leading to detormation or damage of the spur and pinion gears.

[0005] In view of the foregoing background, 1t is therefore an object of the present
invention to substantially prevent, in a rotary changer including a plurality of rotators
performing the contact tip replacement work and configured to rotate those rotators with a

single drive source, a portion connecting each of those rotators to the drive source that drives

the rotator from being deformed or damaged.

SOLUTION TO THE PROBLEM

10006]  To achieve this object, according to the present invention, each rotator performing the

contact tip replacement work 1s connected to the drive source by being moved along its
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rotational axis.

10007]  Specitically, the present invention is directed to a rotary changer configured to attach
or remove a contact tip to/trom a tip end of a torch body of a welding torch by turning the
contact tip on its center axis, and provides the following solution.

10008] A first aspect of the present invention is a rotary changer including: a first rotator to
be driven in rotation ‘on a first rotational axis; a plurality of second rotators provided to be
rotatable on a second rotational axis that extends in the same direction as the first rotational axis
and arranged side by side perpendicularly to the second rotational axis in order to turn the
contact tip with the center axis of the contact tip aligned with the second rotational axis; a
moving mechanism configured to move one of the second rotators after another to sequentially
bring the second rotational axis of each of the second rotators into alignment with the first
rotational axis at a position in one of two directions along the rotational axis of the first rotator;
and a first spring member configured to bias the first rotator in the one direction along the
rotational axis of the first rotator. The first rotator has an engaging projection with an engaging
face extending along the rotational axis of the first rotator. Each of the second rotators has an
engageable projection with an engageable face extending along the rotational axis of the second
rotator. Rotating the first rotator with the second rotator, of which the second rotational axis is
ahgned with the first rotational axis, moved toward the first rotator brings the engaging face into

engagement with the engageable face.

10009] A second aspect of the present invention is an embodiment of the first aspect of the
present imvention. In the second aspect, the rotary changer further includes a second spring
member configured to bias the second rotator in a direction away from the first rotator along the
rotational axis of the second rotator.

[0010] A third aspect of the present invention is an embodiment of the first or second aspect

of the present invention. In the third aspect, the engaging face covers a protruding end through
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a base end of the engaging projection, and a protruding ¢nd facet of the engaging projection
spirally runs with tilt from an edge portion of the engaging face, which is located closer to the
protruding end of the engaging projection, in a reverse rotation direction of the first rotator.

[0011] A fourth aspect of the present invention 1s an embodiment of any one of the first to
third aspects of the present invention. In the fourth aspect, the moving mechanism includes: a
third rotator which is provided to be rotatable on a third rotational axis that extends parallel to the
first rotational axis and on which the second rotators are arranged side by side at regular intervals
in a rotation direction around the third rotational axis; and a third spring member configured to
bias the third rotator in a normal rotation direction of the third rotator. The third rotator has, at
an outer peripheral edge thereot, a plurality of projections that are arranged at regular intervals in
the rotation direction around the third rotational axis so as to face either the respective second
rotators or gaps between the respective second rotators. A sliding member which is slidable
along the rotational axis of the first rotator i1s provided radially outside the third rotator. The
sliding member includes a first wall portion and a second wall portion. When the shding
member 1s allowed to slide 1in the one direction along the rotational axis of the first rotator, the

first wall portion blocks passage of the respective projections during the normal direction
rotation of the third rotator and bring the second rotational axis of the second rotator that is
replacing the contact tip into alignment with the first rotational axis. On the other hand, when

the shiding member 1s allowed to slide in the other direction along the rotational axis of the first

rotator, the first wall portion clears a passage for the respective projections during the normal

direction rotation of the third rotator. The second wall portion is provided downstream of the
first wall portion in the normal rotation direction of the third rotator and located away from the
first wall portion at a distance shorter than the interval between the respective projections.
When the sliding member 1s allowed to shide in the one direction along the rotational axis of the

first rotator, the second wall portion clears a passage for the respective projections during the

4 Q16-250CA |

CA 29717758 2017-06-23



10

15

20

25

normal direction rotation of the third rotator. On the other hand, when the shiding member is

allowed to shide in the other direction along the rotational axis of the first rotator, the second wall
portion blocks the passage of the respective projections during the normal direction rotation of
the third rotator.

[0012] A fifth aspect of the present invention i1s an embodiment of the fourth aspect of the
present mvention. In the fifth aspect, the rotary changer further mcludes a fourth spring

member configured to bias the sliding member in the one direction along the rotational axis of

the first rotator.

ADVANTAGES OF THE INVENTION

|0013] According to the first aspect of the present invention, moving one of the second
rotators, of which the second rotational axis 1s aligned with the first rotational axis, toward the
first rotator using the moving mechanism will bring the second rotator into contact with the
first rotator. At this time, the impact produced when the second rotator comes into contact
with the first rotator 1s absorbed by the contraction of the first spring member, thus
substantially preventing the first and second rotators from being damaged or deformed. As the

first rotator 1s driven in rotation with the first and second rotators kept in contact with each other,

the first rotator rotates while making a shiding contact with the second rotator, and then starts
rotating integrally with the second rotator with the engaging face of the engaging projection
brought into engagement with the engageable face of the engageable projection. This allows
the contact tip to turn on its center axis to get ready to start the contact tip replacement work.
Moving the second rotator in the direction away from the first rotator upon the completion of the
contact tip replacement work will bring the engaging and engageable projections out of
engagement with each other while allowing the engaging and engageable faces to make a sliding

contact with each other. Thus, no load is imposed on any of the first and second rotators that
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are going out of contact with each other. As can be seen, no heavy load imposed on the
engaging or engageable projection when the hirst and second rotators are being connected to each

other or when the first and second rotators are being disconnected from each other will cause
substantially no deformation or damage around the rotator performing the contact tip
replacement work.

|0014]  According to the second aspect of the present invention, after having done the contact
tip replacement work, the second rotator automatically goes back to its original position under
the biasing force of the second spring member. This enhances the work efficiency of the
contact tip replacement without entailing the éost.

[0015] According to the third aspect of the present invention, while the first rotator is
rotating during the contact tip replacement work, the engageable projection moves spirally
while making a shding contact with the protruding end facet of the engaging projection.
Thereaftter, the engaging tace of the engaging projection is engaged with the engageable face of

the engageable projection. This reduces the variation in frictional resistance produced between

the first and second rotators before the engaging projection and the engageable projection are

engaged with each other, thus allowing the first rotator to be smoothly connected to the second

rotator.

10016]  According to the fourth aspect of the present invention, while the sliding member is

allowed to shde in one of the two directions along the rotational axis of the first rotator, one of
the projections comes into contact with the first wall portion to stop the rotation of the third
rotator. This brings the second rotational axis of the second rotator, performing the contact tip
replacement work, into alignment with the first rotational axis of the first rotator. Allowing the
sliding member to slide in the other of the two directions along the rotational axis of the first
rotator in such a state will bring the projection that has been in contact with the first wall portion

out of contact with the first wall portion, which triggers the rotation of the third rotator under the
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biasing force of the third spring member. Meanwhile, the projection that has gone out of
contact with the first wall portion will come into contact with the second wall portion when tt has
moved a shorter distance than the interval between the projections, which will bring the rotation
of the third rotator to a halt.  After that, allowing the sliding member to slide in the one direction
along the rotational axis of the first rotator will bring the projection that has been in contact with
the second wall portion out of contact with the second wall portion, thus allowing the third
rotator to start rotating under the biasing force of the third spring member. Meanwhile, another
projection adjacent to the projection that has gone out of contact with the second wall portion
will come nto contact with the first wall portion, which brings the rotation of the third rotator to
a halt again. This brings the second rotational axis of another second rotator, adjacent to the
second rotator that has performed the contact tip replacement work, into alignment with the first
rotational axis of the first rotator. In this manner, the respective second rotators that perform
the contact tip replacement work are changeable with the biasing force of the third spring
member and the reciprocation of the sliding member. Thus, this rotary changer can have a
simpler configuration, and be less expensive, than a changer requiring a power supply or an air
supply source.

[0017]  According to the fifth aspect of the present invention, stopping pressing the sliding

member after having pressed it in the other of the two directions along the rotational axis of
the first rotator will allow the shding member to automatically slide in the one direction along

the rotational axis of the first rotator under the biasing force of the fourth spring member.
Thus, a change of respective second rotators 1s done just by pressing the sliding member in the

other direction along the rotational axis of the first rotator. Consequently, the second rotators

are changeable efficiently without entailing additional costs.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0018] [FIG. 1] A perspective view of a rotary changer according to a first embodiment of

the present invention.

[F1G. 2] A perspective view illustrating the appearance of the rotary changer
according to the first embodiment of the present mvention when its opening/closing cover 1is
opened.

[FIG. 3] A cross-sectional view taken along the plane I1I-11I shown in FIG. 2.

[F1G. 4] A view as viewed 1n the direction indicated by the arrow 1V 1n FIG. 3.

[FIG. 5] A view illustrating a state where a contact tip 1s being attached to the tip end
of a torch body after the state shown n FIG. 3.

[FIG. 6] A view as viewed in the direction indicated by the arrow VI in FIG. 5.

[FIG. 7] A top view of the rotary unit of the rotary changer according to the first

embodiment of the present invention.

[FIG. 8] A cross-sectional view taken along the plane VIII-VIII shown in FIG. 7.

[FIG. 9] lllustrates a state after the one shown in FIG. 8 and just before the next

contact tip 1s ready to be attached as a result of the rotation of the rotary unit.
|FI1G. 10]  Illustrates a state after the one shown in FIG. 9 and just after the next

contact tip has become attachable as a result of the rotation of the rotary unit and corresponds to

F1G. 7.

[FIG. 11] A cross-sectional view taken along the plane XI-XI shown in FIG. 10.

[F1G. 12} [Hustrates a second embodiment of the present invention and corresponds

to FI1G. 3.

[F1G. 13] A cross-sectional view taken along the plane X111-XI1I shown in FIG. 12.
[FI1G. 14]  lllustrates a state after the one shown in FIG. 13 and just after the contact

tip has started to be removed from the tip end of the torch body.
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DESCRIPTION OF EMBODIMEN'TS

[0019] Embodiments of the present invention will now be described in detail with reference

to the accompanying drawings. Note that the following description of preterred

embodiments is only an example 1n nature.
[0020] <<First Embodiment of the Present Invention>>

FIG. 1 illustrates a rotary changer 1 according to a first embodiment of the present
invention. This rotary changer 1 is used to automatically replace a metallic nozzle 11 or
contact tip 12, which is an exemplary torch component of a welding torch 10 for use to weld a

steel plate, for example, by arc welding.

[0021]  As shown in FIGS. 3 and 5, the welding torch 10 includes a circular columnar torch

body 10a, and the nozzle 11 having a cylindrical shape is screwed on, and coupled to, a tip
end of the torch body 10a so as to be readily attachable to, and removable from, the tip end of
the torch body 10a.

[0022] The contact tip 12 of copper in a fine rod shape is screwed on, and coupled to, the
tip end of the torch body 10a. The tip end portion of the contact tip 12 sticks out of the
opening at the tip end of the nozzle 11.

[0023] A portion of the contact tip 12 covering a middle through the tip end of its outer

peripheral surface has a tapered shape, of which the diameter gradually decreases toward the tip
end of the contact tip 12. The outer peripheral surface of the contact tip 12 also has two flat
surfaces 12b which are symmetric and parallel to each other with respect to the center axis
thereof and which are located closer to the base end.

[0024] Each of the flat surfaces 12b is formed by cutting off the outer peripheral surface of

the contact tip 12.  Thus, a portion of the contact tip 12, closer to the base end thereot than each

flat surface 12b is, serves as a projecting portion 12¢ projecting laterally outward.

(00251  As shown in FIGS. T and 2, the rotary changer 1 includes a changer body 2 having a

9 Q16-250CA
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ogenerally keyhole shape in a plan view, and a pedestal 3 supporting the changer body 2. The
changer body 2 includes a contact tip attaching mechanism 2A for attaching the contact tip 12
onto the torch body 10a, a contact tip removing mechanism 2B for removing the contact tip 12
from the torch body 10a, and a nozzle attaching/removing mecchanism 2C for attaching and

5  removing the nozzle 11 to/from the torch body 10a.

10026] In the following description of the first embodiment, detailed description of the

contact tip removing mechanism 2B and nozzle attaching/removing mechanism 2C will be

omitted herem.

|0027] The changer body 2 is comprised of a gearbox 4 in a rectangular parallelepiped shape,
10 acover case 5 extending along the upper peripheral edge ot the gearbox 4 and covering the space

over the gearbox 4, and an opening/closing cover 6 covering the upper opening of the cover case

5 1n an openable and closable state.

[0028] As shown in FIG. 3 and 5, a servomotor 41 running under servo control is mounted
onto the center of the lower surface of the gearbox 4.

15  [0029]  An output shaft 41a of the servomotor 41 extends vertically and faces the inner space
of the gearbox 4. A pinion gear 41b 1s attached to the upper end portion of the output shaft 41a.

|0030]  'The upper surface of the gearbox 4 has a first upper through hole 4a and a second

upper through hole 4b, which both have a circular cross section and are arranged in this order

from a center portion of the gearbox 4 toward one end thereof in the longitudinal direction.

20 On the other hand, the lower surface of the gearbox 4 has a first lower through hole 4¢ and a
second lower through hole 4d, which both have a circular cross section and face the first and
second upper through holes 4a and 4b, respectively.

10031} A generally disklike first gear 42 is arranged between the first upper through hole
4a and the first lower through hole 4c.

25 [0032} The first gear 42 has a vertically projecting, dilated first pivot 42a at its center. The
10 Q16-250CA|
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first pivot 42a has a first center hole 42b vertically penetrating the first pivot 42a through the

center portion thercof.

[0033] The first gear 42 is rotatable on a vertically oriented rotational axis C3 (serving as an
exemplary third rotational axis) via a bearing B1 interposed between the top end portion of the

first pivot 42a and the first upper through hole 4a and another bearing B1 interposed between

the bottom end portion of the first pivot 42a and the first lower through hole 4c.

[0034] Also, the first gear 42 meshes with the pinton gear 41b, and 1s configured to rotate
on the rotational axis C3 as the output shaft 41a of the servomotor 41 turns.

[0035] A generally disklike second gear 43 is arranged between the second upper through
hole 4b and the second lower through hole 4d.

[0036] The second gear 43 has a vertically projecting, dilated second pivot 43a at its center.
The second pivot 43a has a second center hole 43b vertically penetrating the second pivot 43a
through the center portion thereotf.

[0037] The second gear 43 is rotatable on a rotational axis C] (serving as an exemplary first
rotational axis), oriented in the same direction as the rotational axis C3, via a bearing B2
interposed between the top end portion of the second pivot 43a and the second upper through
hole 4b and another bearing B2 interposed between the bottom end portion of the second pivot

43a and the second lower through hole 4d.

[0038] Also, the second gear 43 meshes with the tirst gear 42, and is configured to rotate on

the rotational axis C1 as the rotation of the output shaft 41a of the servomotor 41 triggers the

rotation of the first gear 42.
[0039] A cylindrical drive rotator 45 (serving as an exemplary first rotator), of which the
center of cylinder 1s aligned with the rotational axis C1, 1s inserted into the second center hole

43b so as to be slidable along 1ts rotational axis. The drive rotator 45 i1s configured to rotate,

along with the second gear 43, on the rotational axis C1 via a key groove (not shown).

| ] Q16-250CA
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10040] That i1s to say, the servomotor 41 1s configured to drive the drive rotator 45 In

rotation in the normal rotation direction (1.¢., 1n the direction Y 1) via the pinion gear 41b and
the first and second gears 42 and 43 as shown m FIGS. 4 and 6.

[0041] At the top end of the drive rotator 45, a pair of upwardly protruding engaging
projections 45a are arranged symmetrically to each other with respect to the rotational axis C1.
[0042] Each of the engaging projections 45a has an engaging face 45b extending along the
rotational axis of the drive rotator 45. Each of the engaging faces 45b covers the protruding
end through base end of an associated one of the engaging projections 45a.

[0043] The protruding end facet of one engaging projection 45a spirally runs with tilt from an
edge portion of the engaging face 45b, which is located closer to the protruding end of the
engaging projection 43a, in the reverse rotation direction of the drive rotator 45 (i.e., in the
direction Y?2), and 1s connected to an edge portion of the engaging face 45b at the base end of the
other engaging projection 45a.

[0044] The protruding end facet of the other engaging projection 45a spirally runs with tilt

from an edge portion of the engaging tace 45b, which is located closer to the protruding end of
the engaging projection 45a, in the reverse rotation direction of the drive rotator 45 (i.e., in the
direction Y2), and 1s connected to an edge portion of the engaging face 45b at the base end of the
one engaging projection 45a.

10045]  Under the second gear 43, arranged is a cover member 46 with an upwardly opening
housing recess 46a as shown in FIGS. 3 and 5. The housing recess 46a houses a first coil
spring 47 (serving as an exemplary first spring member).

[0046]  The peripheral edge of the top of the cover member 46 1s secured to the lower surface

of the second pivot 43a such that the cover member 46 can rotate integrally with the second gear

43.

10047} One end of the first coil spring 47 abuts on the lower surface of the drive rotator 45.

12 Q16-250CA|

CA 29717758 2017-06-23



while the other end of the first coil spring 47 abuts on the bottom surface of the housing recess
46a. The first coll spring 47 biases the drive rotator 45 upward (i.e., in the one direction
along the rotational axis of the drive rotator 45).

[0048] A cylindrical shaft case 48 extending upward from the peripheral edge portion of the

5  first upper through hole 4a 1s secured to the upper surtace of the first gear 42. The contact tip
removing mechanism 2B 1s provided inside the shaft case 48.
[0049] A ringlike rotary unit 7 (serving as an exemplary third rotator) is externally fitted

onto the shaft case 48.

(0050] The rotary unit 7 1s rotatable on the rotational axis C3 via two bearings B3

10 1nterposed between the lower half of the mner peripheral surface of the rotary unit 7 and the
shaft case 48.
0051} A power spring 71 (serving as an exemplary third spring member) is arranged
between the upper half of the inner peripheral surface of the rotary unit 7 and the shaft case 48.
The power spring 71 biases the rotary unit 7 in the normal rotation direction (1.e., in the
15  direction X1, see FIG. 7) around the rotational axis C3.
10052]  The lower half of the rotary unit 7 has an annular pfojecting portion 72, which
protrudes laterally outward and which extends in the direction in which the rotary unit 7 rotates.
]0053]  Through the annular projecting portion 72, ten vertically penetrating fitting holes
72a are cut and arranged side by side in the direction in which the rotary unit 7 rotates (i.e., the
20 direction perpendicular to the rotational axis Cl). These fitting holes 72a are arranged at

regular intervals except between the fitting hole 72a located most upstream in the normal

rotation direction of the rotary unit 7 and the fitting hole 72a located most downstream in the

normal rotation direction of the rotary unit 7.

10054] A cylindrical bush 72b is fitted into each fitting hole 72a. Into each bush 72b, a

25 dniven rotator 8 (serving as an exemplary second rotator), of which the rotational axis C2
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(serving as an exemplary second rotational axis) i1s oriented in the same direction as the
rotational axis C1, 1s inserted and fitted so as to be rotatable on the rotational axis C2.

[0055] The driven rotator 8 1s slidable along its own rotational axis, and i1s arranged over the
drive rotator 45 (i.e., at a position In one of two directions along the rotational axis of the drive
rotator 45).

[0056]  On the outer peripheral edge of the annular projecting portion 72, arranged at regular
intervals are as many first projections 73 as the driven rotators 8.

10057] One of the first projections 73 1s arranged on the outer peripheral edge of the annular
projecting portion 72 so as to be located further downstream of the fitting hole 72a that 1s located
most downstream in the normal rotation direction of the rotary unit 7. Each of the other first
projections 73 is arranged at an intermediate position between an associated pair of the driven
rotators 3.

[0058] A second projection 74 is arranged on the outer peripheral edge of the annular
projecting portion 72 so as to be located further upstream of the fitting hole 72a that is located
most upstream 1n the normal rotation direction of the rotary unit 7. The protrusion height of the
second projection 74 is greater than that of the first projections 73.

10059]  The power spring 71 and the respective driven rotators 8 form the moving

mechantsm 13 according to the present invention. The moving mechanism 13 moves the
respective driven rotators 8 by rotating the rotary unit 7, thereby sequentially bringing the
rotational axis C2 of each of the driven rotators 8 into alignment with the rotational axis C1 of
the drive rotator 45 one after another.

|0060]  The inner peripheral surface of an upper portion of each of the driven rotators 8§ has a

pair of hooks 8a, which protrude toward, and are arranged symmetrically to cach other with

respect to, the rotational axis C2.

10061]  The protruding end of each of the hooks 8a has a flat shape corresponding to that of
14 Q16-250CA|
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an associated flat surface 12b of the contact tip 12.

10062] Inserting the contact tip 12 mnto the driven rotator 8 from over the rotator 8 will make
the respective protruding ends of the hooks 8a face their associated flat surfaces 12b and will
oet the respective protruding portions 12¢ of the contact tip 12 hooked on the respective hooks

8a. This brings the center axis of the contact tip 12 into alignment with the rotational axis

C2.

|0063] The bottom end of each driven rotator 8 has a pair of downwardly protruding
engageable projections 8b, which are arranged symmetrically to each other with respect to the
rotational axis C2 as shown in FIGS. 4 and 6.

|0064] Each of the engageable projections 8b has an engageable face 8d extending along the
rotational axis of the associated driven rotator 8. The engageable face 8d covers the protruding
end through base end of the engageable projection 8b.

|0065]  The protruding end facet of one engageable projection 8b spirally runs with tilt from
an edge portion of the engageable face 8d, which is located closer to the protruding end of the
engageable projection 8b, in the normal rotation direction of the driven rotator 8 (i.e., in the
direction Y1), and is connected to an edge portion of the engageable face 8d at the base end of
the other engageable projection 8b.

(0066]  The protruding end facet of the other engageable projection 8b spirally runs with tilt
from an edge portion of the engageable face 8d, which is located closer to the protruding end of
the engageable projection 8b, in the normal rotation direction of the driven rotator 8 (i.e., in the

direction Y1), and 1s connected to an edge portion of the engageable face 8d at the base end of

the one engageable projection 8b.

10067] A second cotl spring 8¢ (serving as an exemplary second spring member) is wound

around each driven rotator 8.

[0068]  One end of the second coil spring 8c is secured to the outer peripheral surface of the
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upper portion of the driven rotator 8.  On the other hand, the other end of the second coil spring

8c abuts on the annular projecting portion 72. Thus, the second coil spring 8¢ biases the driven
rotator 8 upward (i.e., in the one direction along the rotational axis of the drive rotator 45).
[0069] A disk cover 49, of which the center axis is aligned with the rotational axis C3, is

secured to the top end of the shaft case 48. The disk cover 49 has a central insertion hole

49a, into which the contact tip 12 1s insertable.

[0070] Above the disk cover 49, arranged 1s a guide bar 44 extending obliquely upward
from the disk cover 49 toward the rotational axis C1. At the extension end of the guide bar 44,
provided is a guide ring portion 44a, of which the center axis 1s aligned with the rotational axis
ClI.

[0071] The guide ring portion 44a corresponds in shape to the torch body 10a. Inserting
the torch body 10a into the guide ring portion 44a from over the portion 44a will bring the
center axis of the torch body 10a into alignment with the rotational axis CI1.

[0072] The torch body 10a is inserted into the guide ring portion 44a from over it to press
the contact tip 12 that has already been inserted into the driven rotator 8 with the torch body
10a. Then, the driven rotator 8 will move downward (i.e., in the other direction along the
rotational axis of the drive rotator 45) and come into contact with the drive rotator 45 against

the biasing force of the second coil spring 8c.

|0073]  Furthermore, rotating the drive rotator 45 in the normal rotation direction with the
driven rotator 8 kept in contact with the drive rotator 45 will bring each engaging face 45b into
engagement with 1ts associated engageable face 8d, thus allowing the drive rotator 45 and the
driven rotator 8 to rotate integrally with each other. This rotary movement makes the contact

tip 12 turn on 1ts center axis and gets the contact tip 12 attached to the tip end of the torch body

10a.

10074] At one longitudinal end of the gearbox 4, a pair of vertically extending slide bars 9a
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are provided so as to be spaced from each other by a predetermined interval horizontally, i.e.,

in a direction intersecting with the longitudinal direction of the gearbox 4, as shown n FIGS. /-

1.

[0075] Between these two slide bars 9a, arranged is a generally thick-plate-shaped sliding
5 member 9, which is gently curved so as to match the shape of an outer peripheral edge of the

rotary unit 7. A pair of slide holes 9b vertically penetrating the sliding member 9 are provided

at positions corresponding to the respective slide bars 9a.

[0076] These slide holes 9b are externally fitted onto their associated slide bars 9a. The

sliding member 9 bridges the two slide bars 9a together and is slidable vertically (i.e., along
10 the rotational axis of the drive rotator 45) on those slide bars 9a.

[0077] The sliding member 9 includes a first wall portion 9¢ and a second wall portion of,

both of which protrude and face toward the rotary unit 7. The second wall portion 9t is

arranged downstream of the first wall portion 9¢ in the normal rotation direction ot the rotary

unit 7 and is spaced apart from the first wall portion 9e by a distance shorter than the interval
15  between each pair of first projections 73.

[0078] The first wall portion 9e is provided along the bottom edge of the sliding member 9

to cover approximately an upstream half of the sliding member 9 in the normal rotation

direction of the rotary unit 7.  The thickness of the first wall portion 9e as measured in its
protruding direction is less than the protrusion height of the second projection 74.

20 [0079] The second wall portion 9f is provided at the downstream end of the sliding member
9 in the normal rotation direction of the rotary unit 7 so as to cover a portion of the shding
member 9 from the top end through a middle thereof. The first and second wall portions 9e

and 9f are vertically arranged one over the other as viewed in the normal rotation direction of

the rotary unit 7.

25 [0080] A vertically extending, elongate press bar 9c is attached to the center of the top of
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the sliding member 9 so as to form an integral part of the sliding member 9.

[0081] Under the sliding member 9, on the other hand, arranged 1s a fourth coil spring 9d,
which biases the sliding member 9 upward (i.e., in the one direction along the rotational axis
of the drive rotator 45).

5 [0082] The first wall portion 9e is configured to block the passage of each of the first
projections 73 during the normal direction rotation of the rotary unit 7 and come into contact
with one of the first projections 73 as shown in FIGS. 7 and 8 as the sliding member 9 shdes
upward. This brings the rotational axis C2 of the driven rotator 8, performing the contact tip 12
attaching work, into alignment with the rotational axis Cl1.

10 [0083] Also, the first wall portion 9e is configured to clear a passage for each of the first
projections 73 during the normal direction rotation of the rotary unit 7 as shown in FIG. 9 as the
sliding member 9 slides downward.

[0084] On the other hand, the second wall portion 91 i1s configured to block the passage of
each of the first projections 73 during the normal direction rotation of the rotary unit 7 and

15 come into contact with one of the first projections 73 as the sliding member 9 slides downward,

thereby bringing the rotation of the rotary unit 7 to a halt.
[0085] Also, the second wall portion 9f is configured to clear a passage for each of the tirst

projections 73 during the normal direction rotation of the rotary unit 7 as shown tn FIG. 11 as
the sliding member 9 slides upward, thus allowing the rotary unit 7 to start rotating under the

20  biasing force of the power spring 71.

[0086] The opening/closing cover 6 has one longitudinal end portion thereof pivotally
supported by the cover case 5 so as to be pivotally movable up and down as shown in FIGS. |
and 2. At the other longitudinal end of the opening/closing cover 6, arranged side by side are

two 1nsertion holes 6a and 6b which respectively face the guide ring portion 44a and the press

25  bar 9¢ when the opentng/closing cover 6 is closed.
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[0087] Next, the attaching work of attaching the contact tip 12 to the torch body 10a will be

described.

[0088]  First, the worker opens the opening/closing cover 6 of the rotary changer 1 as shown
in FIG. 2. Next, as shown in FIG. 7, he or she winds the power spring 71 by rotating the rotary

5  unit 7 in the reverse rotation direction (i.e., in the direction X2} against the biasing force of the
power spring 71. Thereafter, he or she gets his or her hands off when the driven rotator 8
located most downstream in the normal rotation direction of the rotary unit 7 faces the shding
member 9. Then, as shown in FIG. 8, another first projection 73 next to the first projection 73
located most downstream 1n the normal rotation direction of the rotary unit 7 comes into contact

10 with the first wall portion 9¢ of the sliding member 9 to bring the rotation of the rotary unit 7 to a
halt. At this point in time, the rotational axis C2 of the driven rotator 8 located most
downstream in the normal rotation direction of the rotary unit 7 1s aligned with the rotational axis
C1l. Then, he or she inserts the contact tip 12 into one of the driven rotators 8 from over the
rotator 8.

15 [0089] Next, the worker closes the opening/closing cover 6, and then has the nozzle
attaching/removing mechanism 2C and the contact tip removing mechanism 2B remove the
nozzle 11 and the contact tip 12, respectively, trom the torch body 10a by operating an
industrial robot (not shown) or any other autonomous machine.

10090]  Subsequently, the worker inserts the torch body 10a into the insertion hole 6a of the

20 opening/closing cover 6 from over the hole 6a. Then, the torch body 10a i1s guided by the

guide ring portion 44a and comes mto contact with the contact tip 12 that has already been

inserted into the driven rotator 8 as shown in FIG. S.
[0091]  As the torch body 10a 1s moved further downward, the driven rotator 8 will slide
downward against the biasing force of the second coil spring 8c to come into contact with the

25  drive rotator 45. At this point in time, the impact produced when the driven rotator 8 comes
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Into contact with the drive rotator 45 is absorbed by the contraction of the first coil spring 47,

thus substantially preventing the drive rotator 45 and the driven rotator 8 from being damaged or
deformed.

[0092]  Thereafter, the servomotor 41 1s started with the driven rotator 8 and the drive rotator
45 kept 1in contact with each other, thereby driving the drive rotator 45 in rotation in the normal
rotation direction via the pinion gear 41b, the first gear 42, and the second gear 43. Then, as
shown In FIG. 6, each engaging projection 45a 1s allowed to move while making a sliding
contact with the driven rotator 8 and each engageable projection 8b is allowed to move while
making a sliding contact with the drive rotator 45, thus bringing the engaging face 45b of each
engaging projection 45a into engagement with the engageable face 8d of an associated
engageable projection 8b. This makes the drive rotator 45 and the driven rotator 8 rotate
integrally with each other.

|0093]  As the drive rotator 45 rotates, each engageable projection 8b moves spirally while
making a sliding contact with the protruding end facet of an associated engaging projection 45a.
Meanwhile, each engaging projection 45a moves spirally while making a sliding contact with the
protruding end facet of an associated engageable projection 8b. Thereafter, the engaging face

45b of each engaging projection 45a gets engaged with the engageable face 8d of an associated

engageable projection 8b. This reduces the variation in frictional resistance produced between
the drive rotator 45 and the driven rotator 8 before the engaging projection 45a and the

engageable projection 8b get engaged with each other, thus allowing the drive rotator 45 to be

smoothly connected to the driven rotator 8.

10094} Then, as the driven rotator 8 rotates, the contact tip 12 turns on its center axis to be
screwed on and attached to the tip end of the torch body 10a.

10095]  After the contact tip 12 attaching work has been done, the torch body 10a is moved

upward to have the driven rotator 8 stop pressing the drive rotator 45 downward. Then, the
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drive rotator 45 slides upward under the biasing force of the first coil spring 47 and the driven
rotator 8 slides upward under the biasing force of the second coil spring 8¢c. Thus, the drive
rotator 45 and the driven rotator 8 automatically go back to their original positions. This
enhances the work efficiency of the contact tip 12 replacement using the first and second coil
springs 47 and 8c and without entailing additional costs.

10096]  While the drive rotator 45 and the driven rotator 8 are going back to their original
positions, each engaging projection 45 and its associated engageable projection 8b go out of
engagement with each other while the engaging face 45b and the engageable face 8d are making
a shding contact with each other. Thus, no load is imposed on the drive rotator 45 or the driven
rotator 8 while the drive rotator 45 and the driven rotator 8 are going out of contact with each
other. As can be seen, no heavy load 1s imposed on the engaging projection 45a or the
engageable projection 8b when the drive and driven rotators 45 and 8 are being connected
together or disconnected from each other. Consequently, almost no deformation or damage will
be done to either of the drive and driven rotators 45 and 8 that are performing the contact tip 12
replacement.

[0097]  Thereatfter, the contact tip 12 attached to the tip end of the torch body 10a is inserted
into the insertion hole 6b of the opening/closing cover 6. Then, the contact tip 12 presses the

press bar 9¢c downward, thus allowing the sliding member 9 to slide downward against the

biasing force of the fourth coil spring 9d.

[10098]  Shding the sliding member 9 downward will bring the first projection 73 that has been
in contact with the first wall portion 9¢ out of contact with the first wall portion 9e, thus
triggering the rotation of the rotary unit 7 in the unit rotation direction as shown in FIG. 9.
Meanwhile, the first projection 73 that has gone out of contact with the first wall portion 9¢ will
come 1nto contact with the second wall portion 9f when it has moved a shorter distance than the

interval between the first projections 73, which will bring the rotation of the rotary unit 7 to a halt
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again.

[0099]  Next, the torch body 10a i1s moved upward to make the contact tip 12 attached to the
torch body 10a stop pressing the press bar 9¢.  Then, as shown in FIGS. 10 and 11, the shding
member 9 automatically shides upward under the biasing force of the fourth coil spring 9d.
[0100]  Shding the sliding member 9 upward will bring the first projection 73 that has been in
contact with the second wall portion 91 out of contact with the second wall portion 91, thus
allowing the rotary unit 7 to start rotating under the biasing force of the power spring 71.
Meanwhile, another first projection 73 adjacent to the first projection 73 that has gone out of
contact with the second wall portion 91 comes into contact with the first wall portion 9e, which
brings the rotation of the rotary unit 7 to a halt again. At this time, another driven rotator 8,
adjacent to the driven rotator 8 that has performed the contact tip 12 attachment work, has its
rotational axis C2 aligned with the rotational axis C1 of the drive rotator 45 to make the next
contact tip 12 attachment work ready to start. In this manner, the respective driven rotators 8
that perform the contact tip 12 attachment work are changeable with the biasing force of the
power spring 71 and the reciprocation of the sliding member 9. Thus, this rotary changer | can

have a simpler configuration, and be less expensive, than a changer requiring a power supply or

an air supply source.

0101 ] . In addition, the sliding member 9 is allowed to automatically slide upward under the
biasing force ot the fourth coil spring 9d. Thus, the driven rotators 8 are changeable just by
pressing the sliding member 9 downward.  Consequently, the driven rotators 8 are changeable
efficiently using the fourth coil spring 9d and without entailing additional costs.

|0102] By repeatedly pertorming this series of operations a number of times, the rotary

changer 1 can perform the work of attaching the contact tip 12 onto the tip end of the torch

body 10a ten times.

|0103]  Note that when the driven rotator 8 located most upstream in the rotation direction
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of the rotary unit 7 reaches a position where the driven rotator 8 taces the shding member 9,

the second projection 74 comes into contact with the first wall portion 9e¢, thus bringing the

rotation of the rotary unit 7 to a halt. Then, even if the sliding member 9 1s allowed to slide
downward after the contact tip 12 inserted into the driven rotator 8 has been attached, the
second projection 74 always abuts on a lateral edge portion of the sliding member 9 to keep
the rotary unit 7 from rotating any further in the normal rotation direction. This 1s because

the protrusion height of the second projection 74 1s greater than the thickness of the first wall

portion 9¢ as measured in 1ts protruding direction.

[0104] In the first embodiment of the present invention described above, each of the first
projections 73 is supposed to be located at a position on the outer peripheral edge of the rotary
unit 7 where the first projection 73 faces the gap between an associated pair of driven rotators 8.
However, it should be appreciated that this 1s only a non-limiting exemplary embodiment.
Alternatively, each of the first projections 73 may also be located at a position on the outer
peripheral edge of the rotary unit 7 where the first projection 73 faces an associated one of the
driven rotators 8.

[0105] In the first embodiment of the present invention described above, turning the contact
tip 12 on its center axis in the direction Y 1 with the driven rotator 8 allows the contact tip 12 to

be attached to the tip end of the torch body 10a. Alternatively, the rotary changer may also

be configured to make the drive rotator 45 rotate the driven rotator 8 in the direction Y2 and to
remove the contact tip 12 from the tip end of the torch body 10a by nserting the contact tip 12

attached to the torch body 10a into the driven rotator 8 and allowing the contact tip 12 to turn

on 1ts center axis in the direction Y?2.
[0106] <<Second Embodiment of the Present Invention>>

FIGS. 12-14 1llustrate a rotary changer 1 according to a second embodiment of the

present invention. The second embodiment i1s the same as the first embodiment described
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above except the structure of the contact tip removing mechanism 2B. Thus, the following

description of the second embodiment will be focused on only differences from the first

embodiment.

[0107] A cylindrical member 51, of which the center of cylinder is aligned with the rotational

5 axis C3, is inserted into the first center hole 42b of the first gear 42 so as to be vertically slidable.

A vertically penetrating tip passage hole S1c 1s cut as an inner hole through the cylindrical

member S1.

|0108]  The cylindrical member 51 1s configured to rotate, along with the first gear 42, on the

rotational axis C3 via a key groove (not shown). Turning the pinion gear 41b with the
10  servomotor 41 will trigger rotation of the cylindrical member 51 on the rotational axis C3 via the

first gear 42.

[0109] The cylindrical member 51 has, on the outer peripheral edge of a top portion thereof,

an annular wall portion 51a protruding laterally outward and extending upward. The upper half

of the annular wall portion 51a has four radially extending groove portions 51b, which are open
15  at both ends and arranged at regular intervals around the rotational axis C3.

|0110]  An annular body 52, which is rotatable on the rotational axis C3 with its centerline

aligned with the rotational axis C3, 1s provided inside the annular wall portion 51a.

[0111] The annular body 52 is comprised of: a generally disklike cover plate 43 forming the

upper part thgreof‘; and a ring member 54 arranged under the cover plate 53 with a predetermined
20 gap left between them. The cover plate 53 covers the opening at the top of the annular wall

portion S1a.

[0112]  The ring member 54 is located inside the lower half of the annular wall portion 51a

and has a hole 54a at its center.

10113} The cover plate 53 has, on its outer peripheral edge, an annular extension 53a

25 protruding downward and extending annularly along the outer peripheral edge of the cover plate
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53. The cover plate 53 also has, at its center, a tip insertion hole 53b communicating with the
upper opening of the hole 34a.

[0114] Inside the upper half of the annular wall portion Sl1a, four press claws 35, having a
ogenerally arrow shape in a plan view, are arranged at regular intervals around the rotational
axis C3. Each of these press claws 55 1s arranged to face an associated one of the groove
portions 51b.

[0115] Each of the press claws 55 includes a generally fan-shaped claw body portion 535a,
of which the width gradually decreases toward the rotational axis C3 in a plan view. One end
facet of the claw body portion 535a closer to the rotational axis C3 is a gently curved face 55b,
which is depressed radially outward.

(0116}  On the other hand, the other end facet of each press claw 55 more distant from the

rotational axis C3 has a level difference face portion 53¢, of which a center portion is slightly

depressed with respect to both end portions thereot. At the center of the level difference face

portion 53¢, a projection 53d to loosely fit into an associated one of the groove portions 51b is

provided so as to protrude laterally outward.

|0117]  The respective press claws 55 and the annular body 52 together form a clamping

tool 50. The press claws 55 are pivotally supported by the cover plate 53 and the ring member

54 with vertically extending screws 35¢, and are ptvotally movable toward the rotational axis C3.
[0118] In the second embodiment, the shaft case 48 includes a cylindrical upper shaft case

portion 48A forming an upper part thereof, and a cylindrical lower shaft case portion 48B

forming a lower part thereof.

|0119]  The upper half of the upper shaft case portion 48A makes a slidable contact with the
outer peripheral surface of the cylindrical member 51. The lower half of the upper shaft case

portion 48A forms an annular step portion 48a, ot which the diameter is increased stepwise

laterally outward.
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[0120] The upper shaft case portion 48A s externally fitted onto the lower shaft case

portion 48B with its cylinder centerline aligned with that of the lower shaft case portion 48B
such that the annular step portion 48a is vertically slidable on the upper half of the lower shaft

case portion 48B.

(0121] The annular step portion 48a has a plurality of vertically extending slits 48b around

its cylinder centerline.

[0122] On the other hand, a plurality of pins 48c to fit into the respective slits 48b are
attached to the upper part of the outer peripheral surface of the lower shaft case portion 48B to
have the respective slits 48b guide the respective pins 48c as the upper shaft case portion 48A
shdes vertically.

[0123] The upper part of the upper shaft case portion 48A has an annular projection 48d
protruding laterally outward and projecting upward. The annular projection 48d covers the
outer side surface of the annular wall portion 51a of the cylindrical member 51.

[0124] The outer peripheral surface of the upper part of the annular projection 48d has an
annular fitting recess 48e, in which an O-ring 48f is fitted.

[0125]  The annular projection 48d 1s located inside the annular extension 53a of the cover
plate 53 such that the outer peripheral edge of the O-ring 48f contacts with the inner peripheral

surface of the annular extension 53a.

10126]  Meanwhile, the disk cover 49 of the second embodiment has a ring shape and
externally fits onto the outer peripheral surface of the lbwer part of the annular projection 48d.
10127] A tifth coil spring 56 is arranged inside the lower shaft case portion 48B and
externally hitted onto the cylindrical member 51.

|0128]  The bottom end of the fifth coil spring 56 is secured to the peripheral edge of the
bottom of the lower shaft case portion 48B. On the other hand, the top end of the fifth coil

spring 56 1s secured to a middle of the upper shaft case portion 48A.  Thus, the fifth coil spring
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56 biases the cylindrical member 51 upward via the upper shaft case portion 48A.

[0129]  Then, the cylindrical member 51 1s allowed to rotate in the normal rotation direction
(1.e., 1n the direction Z1 shown in FI1G. 14) on the rotational axis C3 with the contact tip 12
inserted through the tip insertion hole 53b into the tip passage hole S1c. This relative normal
direction rotation of the cylindrical member 51 with respect to the clamping tool 50 makes the
inner surface of each grove portion 51b press its associated projection 55d in the normal rotation
direction. This allows each of the press claws 55 to pivotally move forward toward the
rotational axis C3, thereby pressing the outer peripheral surface of the contact tip 12 and
clamping the contact tip 12.

|0130]  Furthermore, with the press claws 55 pressing the contact tip 12, further rotating the
cylindrical member 51 in the normal rotation direction allows the contact tip 12 to turn along

with the clamping tool 50 and thereby be removed from the torch body 10a.

|0131] In this case, the contact tip 12 has been screwed on, and coupled to, the torch body
10a. Thus, as the contact tip 12 1s downwardly screwed off the torch body 10a with respect
to the torch body 10a by the normal direction rotation of the cylindrical member 51, the
cylindrical member 51 will be gradually disengaged from the torch body 10a against the

biasing force of the fifth coil spring 56. This substantially prevents screwing the contact tip
12 during the removal work of the contact tip 12 from putting a heavy load onto either the

cylindrical member 51 or the torch body 10a to cause deformation or damage to the cylindrical

member 51 or the torch body 10a.

[0132]  On the other hand, rotating the cylindrical member 51 in the reverse rotation
direction with respect to the clamping tool 50 will allow the inner surface of each groove
portion 51b to press an associated one of the projections 55d in the reverse rotation direction.
Then, each of the press claws 55 pivotally moves backward in the direction away from the

rotational axis C3 to go out of contact with the outer peripheral surface of the contact tip 12.  In
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this manner, the press claws 55 are disengaged from the contact tip 12.  Thus, the contact tip 12

1s alfowed to drop through the tip passage hole 51c and be disposed of.

[0133]  As can be seen from the foregoing description, according to the second embodiment
of the present invention, rotating the cylindrical member 51 to remove the contact tip 12 from
the torch body 10a will increase the pressure of the press claws 55 on the contact tip 12, thus
allowing the clamping tool 50 to grip the contact tip 12 firmly. Therefore, no slip will occur
between the clamping tool 50 and the contact tip 12 during the removal work, which greatly
facilitates the removal of the contact tip 12. In addition, the contact tip 12 may be clamped
by taking advantage of the rotary movement of the cylindrical member 51 during the removal
of the contact tip 12. This eliminates the need to clamp the contact tip 12 by separately
providing an additional drive source other than the drive source for driving the cylindrical
member 51 1n rotation. Consequently, a rotary changer 1 with a simplified configuration and a

smaller size 1s provided at a reduced cost.

INDUSTRIAL APPLICABILITY

|0134]  The present invention 1s useful for a rotary changer configured to replace a contact

tip screwed on, and coupled to, a tip end of a torch body of a welding torch for use in arc

welding.

DESCRIPTION OF REFERENCE CHARACTERS

[0135] | Rotary Changer
7 Rotary Unit (Third Rotator)
8 Driven Rotator (Second Rotator)
8b Engageable Projection
8C Second Coil Spring (Second Spring Member)
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Engageable FFace

Shiding Member

Fourth Coil Spring (Fourth Spring Member)

First Wall Portion
Second Wall Portion
Welding Torch
Torch Body
Contact Tip

Moving Mechanism

Drive Rotator (First Rotator)

Engaging Projection

Engaging Face

First Coil Spring (First Spring Member)

Power Spring (Third Spring Member)

First Projection
First Rotational Axis

Second Rotational Axis

Third Rotational Axis
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CLAIMS

1. A rotary changer configured to attach or remove a contact tip to/from a tip
end of a torch body of a welding torch by turning the contact tip on its center axis, the rotary
changer comprising:

a first rotator to be driven In rotation on a first rotational axis;

a plurality of second rotators provided to be rotatable on a second rotational axis that
extends in the same direction as the first rotational axis and arranged side by side perpendicularly

to the second rotational axis in order to turn the contact tip with the center axis of the contact tip

aligned with the second rotational axis;

a moving mechanism configured to move one of the second rotators after another to
sequentially bring the second rotational axis of each of the second rotators into alignment with

the first rotational axis at a position n one of two directions along the rotational axis of the first

rotator; and

a first spring member configured to bias the first rotator in the one direction along the

rotational axis ot the first rotator, wherein

the first rotator has an engaging projection with an engaging face extending along the

rotational axis of the first rotator,

each said second rotator has an engageable projection with an engageable face

extending along the rotational axis of the second rotator, and

rotating the first rotator with the second rotator, of which the second rotational axis is
aligned with the first rotational axis, moved toward the first rotator brings the engaging face into

engagement with the engageable face.

2. The rotary changer of claim 1, further comprising
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a second spring member configured to bias the second rotator in a direction away from

the first rotator along the rotational axis of the second rotator.

3. The rotary changer of claim 1 or 2, wherein

the engaging face covers a protruding end through a base end of the engaging
projection, and

a protruding end facet of the engaging projection spirally runs with tilt from an edge
portion of the engaging face, which is located closer to the protruding end of the engaging

projection, in a reverse rotation direction of the first rotator.

4. The rotary changer of any one of claims 1-3, wherein

the moving mechanism includes:

a third rotator which is provided to be rotatable on a third rotational axis that extends

parallel to the first rotational axis and on which the second rotators are arranged side by side at

regular intervals in a rotation direction around the third rotational axis; and
a third spring member configured to bias the third rotator in a normal rotation direction

of the third rotator,

the third rotator has, at an outer peripheral edge thereof, a plurality of projections that

are arranged at regular intervals in the rotation direction around the third rotational axis so as to
face either the respective second rotators or gaps between the respective second rotators,

a sliding member which is slidable along the rotational axis of the first rotator is
provided radially outside the third rotator, and

the shiding member includes a first wall portion and a second wall portion,

the first wall portion blocking passage of the respective projections during the normal

direction rotation of the third rotator and bringing the second rotational axis of the second rotator
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that is replacing the contact tip into alignment with the first rotational axis, when the shding

member is allowed to slide in the one direction along the rotational axis of the first rotator,

the first wall portion clearing a passage for the respective projections during the
normal direction rotation of the third rotator when the sliding member is allowed to slide in the

other of the two directions along the rotational axis of the first rotator,

the second wall portion being provided downstream of the first wall portion in the
normal rotation direction of the third rotator and located away from the first wall portion at a
distance shorter than the interval between the respective projections,

the second wall portion clearing a passage for the respective projections during the

normal direction rotation of the third rotator when the sliding member is allowed to slide in the

one direction along the rotational axis of the first rotator,

the second wall portion blocking the passage of the respective projections during the
normal direction rotation of the third rotator when the sliding member 1s allowed to slide in the

other direction along the rotational axis of the first rotator.

5. The rotary changer of claim 4, further comprising

a fourth spring member configured to bias the sliding member in the one direction

along the rotational axis of the first rotator.
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