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1
ELECTRIC ACTUATOR

TECHNICAL FIELD

The present invention relates to an electric actuator
including a sliding screw shaft and a nut that is screw-
engaged with the sliding screw shaft, the sliding screw shaftt
being configured to rotate under operation of a motor to
thereby cause the nut to be displaced 1n an axial direction of
the sliding screw shaft.

BACKGROUND ART

An electric actuator includes a feed screw shaft that
rotates by operation of a motor, and a nut that 1s screw-
engaged with the feed screw shait. As this feed screw shatft,
in general, a ball screw shatt or a sliding screw shatt 1s used.
In view of abrasion resistance, the ball screw shaft 1s made
of quenched steel and the sliding screw shaift 1s made of 1ron,
and nickel-plated or hard-chromium-plated. The nut screw-
engaged with the sliding screw shait 1s made of copper,
resin, etc.

For example, Japanese Laid-Open Patent Publication No.
2014-047884 proposes a technical concept regarding an
clectric actuator having a ball screw shaft. In the actuator, a

diamond-like carbon (DLC: Diamond-Like Carbon) film 1s
formed on a rod seal member to decrease the Iriction
coellicient between the rod and the rod seal member to
ensure smooth operation, and improve abrasion resistance.

SUMMARY OF INVENTION

In the case where the ball screw shait described in
Japanese Laid-Open Patent Publication No. 2014-047884 1s
used, the size of the nut screw-engaged with the ball screw
shaft 1s relatively large, and consequently, the electric actua-
tor has a large size. Further, large operation noises due to
circulation of steel balls are produced disadvantageously. In
contrast, 1n the case where the sliding screw shait 1s used, the
s1ze of the nut screw-engaged with the shiding screw shait
and the operation noises can be reduced relatively. However,
abrasion occurs easily 1n comparison with the case where the
ball screw shaft 1s used. Further, 1n an attempt of reducing
the weight and the size of the electric actuator, it may be
possible to adopt the sliding screw shait and nut made of
light metal such as aluminum or light metal alloy such as
aluminum alloy to thereby reduce the load (inertial force) on
the motor. However, 1n this case, abrasion of the sliding
screw shait and the nut tends to occur more easily. Further,
it 1s desired to achieve further noise reduction 1n the case of
clectric actuators used in hospitals, etc.

In view of the above problems, the iventors of the
present application conducted stress analysis of the shiding
screw shaft and the nut at the time of operating the electric
actuator, and found that stress concentration occurs on a
region of a threaded part of the nut that 1s located within a
range from the starting end (terminating end) to the third
thread of the threaded part 1n an axial direction thereof.
Further, the inventors of the present application found that 1t
1s ellective to form a diamond-like carbon film on at least
one of the region of the threaded part of the nut, which 1s
located within a range from the starting end to the third
thread 1n the axial direction, and a threaded part of the
sliding screw shait, in suppressing of sliding noises gener-
ated between the nut and the sliding screw shaft (1n achiev-
ing an almost silent state).
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The present invention has been made taking such tasks
into account, and an object of the present invention 1s to
provide an electric actuator which makes it possible to
improve the abrasion resistance and the durability of a
sliding screw shait and a nut, and achieve reduction of the
weight, size and noises.

An electric actuator according to the present immvention
includes a sliding screw shatt, and a nut screw-engaged with
the sliding screw shaft, the sliding screw shait being con-
figured to rotate under operation of a motor to thereby cause
the nut to be displaced 1n an axial direction of the sliding
screw shait. The sliding screw shailt 1s made of light metal
or light metal alloy. A diamond-like carbon film 1s formed on
at least one of a region of a threaded part of the nut, and a
threaded part of the sliding screw shaft, the region being
located within a range from a starting end of the threaded
part of the nut 1n an axial direction thereof to at least a third
thread of the threaded part of the nut.

In the electric actuator according to the present invention,
since the sliding screw shaft 1s made of light metal or light
metal alloy, 1t 1s possible to reduce the load (inertia force) on
the motor. Therefore, it 1s possible to reduce the size of the
motor. Stated otherwise, 1t 1s possible to increase the maxi-
mum working load of the electric actuator without increas-
ing the size (output) of the motor. Further, since the sliding
screw shaft 1s used instead of the ball screw shaft, 1t 1s
possible to reduce the size of the nut. Further, since a
diamond-like carbon film 1s formed on at least one of a
region of the threaded part of the nut that 1s located within
a range from the starting end 1n the axial direction to at least
the third thread, and the threaded part of the sliding screw
shaft, 1t 15 possible to reduce abrasion of the sliding screw
shaft and the nut and improve the efficiency of the screw,
while suppress sliding noises generated between the sliding
screw shaft and the nut. Accordingly, it i1s possible to
improve the abrasion resistance and the durability of the
sliding screw shait and the nut, and achieve reduction of the
weilght, size and noises of the electric actuator.

In the above electric actuator, preferably, the diamond-
like carbon film 1s formed on a region of the threaded part
of the nut that 1s located within the range from the starting
end to at least the third thread, and on a region thereof that
1s located within a range from a terminating end of the
threaded part of the nut in the axial direction to at least a
third thread of the threaded part of the nut. In the structure,
it 1s possible to further reduce abrasion of the sliding screw
shait and the nut.

In the above electric actuator, preferably, the thickness of
the diamond-like carbon film on a first starting end portion
of the threaded part of the nut that 1s located at a first thread
from the starting end 1s larger than the thickness of the
diamond-like carbon film on a second starting end portion of
the threaded part of the nut that 1s located at a second thread
from the starting end.

In the above structure, since the thickness of the diamond-
like carbon film on the first starting end portion of the nut
where stress tends to be concentrated at the time of operating
the electric actuator i1s relatively large, 1t i1s possible to
improve the durability of the sliding screw shait and the nut.

In the above electric actuator, preferably, the thickness of

the diamond-like carbon film on a first terminating end
portion of the threaded part of the nut that 1s located at a first
thread from the terminating end 1s larger than the thickness
of the diamond-like carbon film on a second terminating end
portion of the threaded part of the nut that 1s located at a
second thread from the terminating end.
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In the above structure, since the thickness of the diamond-
like carbon film on the first terminating end portion of the
nut where stress tends to be concentrated at the time of
operating the electric actuator 1s relatively large, 1t 1s pos-
sible to improve the durability of the sliding screw shaft and
the nut to a greater extent.

In the above electric actuator, preferably, the diamond-
like carbon film 1s formed on a region of the threaded part
of the nut that 1s located within a range from the starting end
to the terminating end. With the above structure, 1t 1s
possible to further improve the efliciency of the screw, and
suppress sliding noises generated between the sliding screw
shaft and the nut to a greater extent.

In the above electric actuator, preferably, the thickness of
the diamond-like carbon film on the region of the threaded
part of the nut that 1s located within the range from the
starting end to the third thread and on the region thereof that
1s located within the range from the terminating end to the
third thread 1s equal to or larger than the thickness of the
diamond-like carbon film on an intermediate region of the
threaded part of the nut, the intermediate region being
located within a range from a fourth thread from the starting
end to a fourth thread from the terminating end.

In the structure, since the thickness of the diamond-like
carbon film on the regions of the threaded part of the nut that
are located within a range from the starting end to the third
thread and a range from the terminating end to the third
thread where stress tends to be concentrated at the time of
operating the electric actuator 1s relatively large, 1t 1s pos-
sible to 1mpr0ve the durability of the sliding screw shait and
the nut eflectively.

In the above electric actuator, the diamond-like carbon
film may not be formed on at least part of an intermediate
region of the threaded part of the nut that 1s located within
a range from a fourth thread from the starting end to a fourth
thread from the terminating end.

In the structure, 1n comparison with the case where the
diamond-like carbon film 1s formed on a region of the thread
part of the nut that 1s located within a range from the starting,
end to the terminating end, 1t becomes possible to reduce the
production cost of the electric actuator.

In the above electric actuator, the diamond-like carbon
film may preferably be formed on both of the region of the
threaded part of the nut, which 1s located within the range
from the starting end to at least the third thread, and the
threaded part of the sliding screw shatt. In the structure, 1t 1s
possible to improve the abrasion resistance of the sliding
screw shait and the nut to a greater extent.

In the above electric actuator, the sliding screw shait may
be made of aluminum or aluminum alloy, an alumite film
may be formed on the threaded part of the sliding screw
shaft, and the diamond-like carbon film may be formed on
the region of the threaded part of the nut, which 1s located
within the range from the starting end to at least the third
thread.

In the above electric actuator, preferably, the nut 1s made
of light metal or light metal alloy. In the structure, since 1t
1s possible to reduce the load on the motor to a greater
extent, 1t 1s possible to achieve further reduction of the
weight and size of the electric actuator.

In the above electric actuator, the diamond-like carbon
f1lm may be formed on the threaded part of the sliding screw
shaft, the nut may be made of aluminum or aluminum alloy,
and an alumite film may be formed on the threaded part of
the nut.

In the above electric actuator, the diamond-like carbon
film may be formed on the threaded part of the sliding screw
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shaft, the nut may be made of iron or iron alloy, and a
chromium film or a nickel film may be formed on the
threaded part of the nut.

In the above electric actuator, preferably, the thickness of
the diamond-like carbon film 1s 0.1 um or more and 6.0 um
or less. In the structure, since the thickness of the diamond-
like carbon film 1s 0.1 um or more, it 1s possible to suitably
suppress early peeling of the diamond-like carbon film due
to abrasion. Further, since the thickness of the diamond-like
carbon film 1s 6.0 um or less, 1t 1s possible to reliably form
the diamond-like carbon film.

In the above electric actuator, preferably, the sliding screw
shaft has clearance space, and crests of the threaded part of
the nut are placed 1n the clearance space 1n a state where the
crests and the shiding screw shait do not contact each other.
In the structure, even 1n the case where burrs produced at the
crests of the threaded part of the nut are not completely
removed, 1t 1s possible to prevent the damage to the threaded
part (DLC film) of the shiding screw shait due to the burrs.

In the above electric actuator, the clearance space may be
configured to store lubricant. In the structure, since 1t 1s
possible to efliciently supply lubricant to a clearance (gap)
between the sliding screw shaft and the nut, it 1s possible to
improve the abrasion resistance and the durability of the
sliding screw shait to a greater extent, and achieve further
noise reduction of the electric actuator.

In the present invention, since the diamond-like carbon
f1lm 1s formed on at least one of a region of the threaded part
of the nut that 1s located within a range from the starting end
of the threaded part of the nut 1n the axial direction to at least
the third thread, and the threaded part of the sliding screw
shaft, it 1s possible to eflectively improve the abrasion
resistance and the durability of the sliding screw shaft and
the nut, and achieve reduction of the weight, size, and
no1ses.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a perspective view showing an electric actuator
according to a first embodiment of the present invention;

FIG. 2 1s an exploded perspective view showing the
electric actuator 1n FIG. 1;

FIG. 3 1s a vertical cross sectional view with partial
omission showing the electric actuator 1 FIG. 1;

FIG. 4 1s a partial enlarged view showing the electric
actuator in FIG. 3;

FIG. 5 1s an enlarged vertical cross sectional view of a nut
shown 1n FIG. 2;

FIG. 6A 1s an enlarged vertical cross sectional view
showing a nut according to a first modification of the
embodiment and FIG. 6B 1s an enlarged vertical cross
sectional view showing a nut according to a second modi-
fication of the embodiment;

FIG. 7 1s a perspective view showing an electric actuator
according to a second embodiment of the present invention;

FIG. 8 1s an exploded perspective view showing the
electric actuator in FIG. 7;

FIG. 9 1s a vertical cross sectional view with partial
omission showing the electric actuator 1n FIG. 7;

FIG. 10 1s a partial enlarged cross sectional view showing
the electric actuator in FIG. 7;

FIG. 11 1s an enlarged cross sectional view showing a
sliding screw shait and a nut 1n FIG. 9; and

FIG. 12 15 an enlarged cross sectional view showing a part
of the view 1n FIG. 11.
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DESCRIPTION OF EMBODIMENTS

Hereinafter, preferred embodiments of an electric actuator
according to the present mvention will be described with
reference to the drawings.

First Embodiment

As shown in FIGS. 1 to 3, an electric actuator 10
according to a {first embodiment of the present mmvention
includes a motor 12 as a rotary drive source, a rod cover 16
disposed on the motor 12 through a housing 14, a sliding
screw shaft (feed screw shaift) 18 for transmitting a rotary
drive force of the motor 12, and a displaceable part 20 which
1s displaced 1n accordance with rotation of the sliding screw
shaft 18. In FIGS. 1 to 3, 1t should be noted that the right side
(motor 12 side) of the sliding screw shaft 18 will be referred
to as the “proximal end” side, and the left side (socket 56
side) of the sliding screw shaft 18 will be referred to as the
“distal end” side.

For example, the motor 12 may be a servo motor such as
a brushed DC motor, a brushless DC motor, or a stepping
motor.

The housing 14 has an annular shape. The housing 14 1s
externally fitted onto a motor adaptor 22 of the motor 12.
The rod cover 16 includes an elongated outer cylinder 24
externally fitted onto the housing 14, and an end block 26
provided at the distal end of the outer cylinder 24. The outer
cylinder 24 1s a tube member having a cylindrical shape. A
rod 54 of the displaceable part 20 described later 1s provided
inside the outer cylinder 24. The end block 26 has a
quadrangular shape 1n a front view. An isertion hole 30 1s
tormed at the center of the end block 26 for inserting the rod
54 1nto the isertion hole 30.

The sliding screw shait 18 1s coupled to a motor shaft
through a coupling 32. In the embodiment of the present
invention, the coupling 32 may be omitted 1n the case of
using one common shaft as the sliding screw shait 18 and the
motor shaft.

As can be understood from FIG. 4, a bearing 34 1s
provided at the proximal end of the sliding screw shaft 18.
For example, a rolling bearing may be used as the bearing
34. Alternatively, a shding bearing may be used as the
bearing 34.

The sliding screw shaft 18 1s made of light metal such as
aluminum or light metal alloy such as aluminum alloy. The
light metal herein means metal having a specific gravity of
4 or less. As described above, 1n the case where the sliding
screw shait 18 1s made of light metal or light metal alloy, 1n
comparison with the case where the sliding screw shaft 18
1s made of heavy metal (metal having a specific gravity of
more than 4) such as 1ron, the load on the motor 12 1s
reduced, and the weight reduction of the electric actuator 10
1s achieved. Further, a diamond-like carbon film (hereinatter
referred to as the “DLC film 50”) 1s formed on all threads of
a threaded part 48 of the sliding screw shait 18 (see FIG. 4).

The DLC film 50 1s an amorphous hard film made of
hydrocarbon or allotrope of carbon, having excellent lubri-
cating performance, abrasion resistance, seizure resistance,
ctc. For example, the DLC film 50 may be formed by CVD
(Chemical Vapor Deposition) or PVD (Physical Vapor
Deposition), etc. Further, in order to enhance the adhesion
performance between the DLC film 50 and the base material
(the threaded part 48 of the sliding screw shait 18), an
intermediate layer may be formed between the base material
and the DLC film 50. For example, the intermediate layer
may be made of a composite layer of the base material and
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6

DLC. In this case, with the approach to the base material, the
composition ratio of metal in the intermediate layer gets
higher and the composition ratio of DLC 1n the intermediate
layer gets lower. On the other hand, with distance from the
base matenal, the composition ratio of metal 1 the inter-
mediate layer gets lower and the composition ratio of DLC
in the mtermediate layer gets higher. Using the intermediate
layer having this structure, it 1s possible to suitably suppress
peeling of the DLC film 50 from the base material.

Preferably, the thickness of the DLC film 50 1s 0.1 um or
more and 6.0 um or less, more preferably, 0.3 um or more
and 4.0 um or less, much more preferably, 0.5 um or more
and 3.5 um or less. This 1s because, 11 the thickness of the
DLC film 50 1s less than 0.1 um, there 1s a concern of early
peeling of the DLC film 50 due to abrasion, and if the
thickness of the DLC film 50 1s more than 6.0 um, 1t 1s not
casy to form the DLC film 50, the cost of the DLC {ilm 50
becomes high, and pealing of the DLC film 50 occurs easily.
Further, preferably, the thickness of the DLC film 50 1is
larger than the surface roughness Rz (distance between peak
and valley of the roughness on the surface) of the counter-
part material (DLC film 60 described later). The same
applies to the DLC film 60.

The displaceable part 20 includes a nut 52 screw-engaged
with the sliding screw shait 18, a cylindrical rod 54 fixed to
the nut 52 and inserted into the 1nsertion hole 30 of the end
block 26, and a socket 56 attached to the rod 54 to close the
opening at the distal end of the rod 54.

The nut 52 1s made of light metal such as aluminum or
light metal alloy such as aluminum alloy. In the structure, the
load on the motor 12 1s reduced to a greater extent, and the
weight reduction of the electric actuator 10 1s achieved.
Further, the DLC film 60 1s formed on all threads of a
threaded part 38 of the nut 52 (see FIG. 5). The structure of
the DLC film 60, and the method of forming the DLC film
60 are the same as 1n the case of the DLC film 50 formed on
the threaded part 48 of the sliding screw shaft 18, and the
description thereof 1s omatted.

In the following description, the right end (end on the
motor 12 side) in FIG. S of the threaded part 58 of the nut
52 will be referred to as the “starting end”, and the left end
(end on the socket 56 side) in FIG. 5 of the threaded part 58
of the nut 52 will be referred to as the “terminating end”
However, 1t 1s a matter of course that the positions of the
starting end and the terminating end may be left-right
reversed.

The thickness of the DLC film 60 on a portion (first
starting end portion 58a) of the threaded part 38 of the nut
52 (threaded part 58 as a complete thread part) that 1s located
at a first thread from the starting end of the threaded part 58
in an axial direction thereof 1s larger than the thickness of the
DLC film 60 on a portion (second starting end portion 585)
of the threaded part 58 of the nut 52 that i1s located at a
second thread from the starting end. Further, the thickness of
the DLC film 60 on the second starting end portion 585 1s
larger than the thickness of the DLC film 60 on a portion
(third starting end portion 58¢) of the threaded part 58 of the
nut 52 that 1s located at a third thread from the starting end.

The thickness of the DLC film 60 on a portion (first
terminating end portion 58d) of the threaded part 58 of the
nut 52 that 1s located at a first thread from the terminating
end of the threaded part 58 in the axial direction 1s larger
than the thickness of the DLC film 60 on a portion (second
terminating end portion 58¢) of the threaded part 58 of the
nut 52 that 1s located at a second thread from the terminating,
end. Further, the thickness of the DLC film 60 on the second

terminating end portion 58e¢ 1s larger than the thickness of
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the DLC film 60 on a portion (third terminating end portion
58f) of the threaded part 58 of the nut 52 that 1s located at
a third thread from the terminating end.

The thickness of the DLC film 60 on the third starting end
portion 58¢ and the thickness of the DLC film 60 on the third
terminating end portion 58/ are equal to or larger than the
thickness of the DLC film 60 on a region of the threaded part
58 of the nut 52 that 1s located within a range from a fourth
thread from the starting end, to a fourth thread from the
terminating end (i.e., an mtermediate region 38g between
the third starting end portion 58¢ and the third terminating,
end portion 38/ exclusive).

In the present embodiment, the thickness of the DLC film
60 on the first starting end portion 58a and the first termi-
nating end portion 584 1s 0.9 um, the thickness of the DLC
film 60 on the second starting end portion 586 and the
second terminating end portion 58¢ 1s 0.8 um, and the
thickness of the DLC film 60 on the third starting end
portion 58c¢, the third terminating end portion 58/, and the
intermediate region 58¢g 1s 0.5 um. It should be noted that the
thickness of the DLC film 60 formed on the threaded part 58
of the nut 52 can be determined freely.

The electric actuator 10 according to the present embodi-
ment basically has the above structure. Next, operation and
advantages of the electric actuator 10 will be described
below. In the following description, a state where the rod 54
1s placed 1n the interior of the outer cylinder 24 as shown 1n
FIGS. 1 and 3 will be referred to as an mitial position.

In this 1nitial position, electrical current 1s supplied from
a power supply (not shown) to the motor 12 to thereby rotate
the motor shaft. As a result, the rotary drive force of the
motor shaft i1s transmitted to the sliding screw shaft 18
through the coupling 32. Then, by rotation of the sliding
screw shait 18, the rod 34 and the socket 56 are displaced
together with the nut 52 toward the distal end side (in a
direction opposite to the motor 12). At this time, stress 1s
concentrated on the first to third starting end portions 58a to
58c¢ of the threaded part 38 of the nut 52. However, since the
DLC film 60 1s formed on the first to third starting end
portions 58a to 58¢, and the DLC film 50 1s formed on all
the threads of the threaded part 48 of the sliding screw shaft
18, 1t becomes possible to smoothly displace the nut 52 1n
the axial direction of the sliding screw shaft 18 toward the
distal end side.

In the case where the rod 54 1s returned to the initial
position, the motor shaft i1s rotated 1n a direction opposite to
the above. In this manner, the rotary drive force of the motor
shaft 1s transmitted to the sliding screw shaft 18 through the
coupling 32. Then, by rotation of the sliding screw shait 18
in the direction opposite to the above, the rod 34 and the
socket 56 are displaced together with the nut 52 toward the
proximal end side (motor 12 side). At this time, stress 1s

concentrated on the first to third terminating end portions
58d to 58/ of the threaded part 58 of the nut 52. However,

since the DLC film 60 1s formed on the first to third
terminating end portions 584 to 58/, and the DLC film 50 1s
formed on all the threads of the threaded part 48 of the
sliding screw shaft 18, it becomes possible to smoothly
displace the nut 52 1n the axial direction of the sliding screw
shaft 18 toward the proximal end side.

In the present embodiment, since the sliding screw shaft
18 1s made of light metal or light metal alloy, 1t 1s possible
to reduce the load (inertial force) on the motor 12. In the
structure, size reduction of the motor 12 1s achieved. Stated
otherwise, it 1s possible to increase the maximum working
load of the electric actuator 10 without increasing the size
(output) of the motor 12.
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Further, since the sliding screw shait 18 1s used instead of
the ball screw shalft, 1t 1s possible to reduce the size of the
nut 52. Further, the DLC film 60 1s formed on portions
(region) of the threaded part 38 of the nut 52 that are located
within a range from the starting end to the terminating end

of the threaded part 58, and the DLC film 50 1s formed on
the threaded part 48 of the sliding screw shait 18. Therelfore,
abrasion of the sliding screw shait 18 and the nut 52 1is
reduced, and improvement in the efliciency of the screw
(ratio of the screw output to the screw input) 1s achieved.
Further, sliding noises generated between the sliding screw
shaft 18 and the nut 52 can be suppressed. Thus, 1t 1s possible
to 1improve the abrasion resistance and the durability of the
sliding screw shait 18 and the nut 52, and achieve reduction
of the weight, size and noises of the electric actuator 10.

In the present embodiment, the thickness of the DLC film
60 on the first starting end portion 38a of the threaded part
58 of the nut 52 1s larger than the thickness of the DLC film
60 on the second starting end portion 385, and the thickness
of the DLC film 60 on the first terminating end portion 584
1s larger than the thickness of the DLC film 60 on the second
terminating end portion 38e. That 1s, since the thickness of
the DLC film 60 on the first starting end portion 38a and the
first terminating end portion 384 where stress tends to be
concentrated at the time of operating the electric actuator 10
1s relatively large, 1t 1s possible to improve the durability of
the sliding screw shaft 18 and the nut 52.

Further, since the thickness of the DLC film 60 on the first
to third starting end portions 58a to 58¢ and the first to third
terminating end portions 58d to 58/ 1s equal to or larger than
the thickness of the DLC film 60 on the mtermediate region
58¢, the durability of the sliding screw shait 18 and the nut
52 1s improved efliciently.

In the present embodiment, since the nut 52 1s made of
light metal or light metal alloy, it 1s possible to further reduce
the load on the motor 12. Accordingly, it i1s possible to
achieve weight reduction and the size reduction of the
clectric actuator 10 to a greater extent.

Further, since the thickness of the DLC films 50, 60 1s 0.1
wm or more, 1t 1s possible to suitably suppress early peeling
of the DLC films 50, 60 due to abrasion. Further, since the
thickness of the DLC film 50, 60 1s 6.0 um or less, 1t 1s
possible to rehiably form the DLC films 50, 60.

The electric actuator 10 according to the present embodi-
ment 1s not limited to the above structure. In the present
embodiment, 1t 1s suflicient that the sliding screw shait 18 1s
made of light metal or light metal alloy, and the DLC film
50, 60 1s formed on at least one of a region of the threaded
part 38 of the nut 52 and the threaded part 48 of the sliding
screw shait 18, the region of the threaded part 38 being
located within a range from the starting end of the threaded
part 58 to at least a third thread of the threaded part 38 in an
axial direction thereof. That 1s, in the present embodiment,
for example, combination of the sliding screw shaft 18 and
the nut 52 shown 1n Table 1 can be adopted.

TABLE 1
Sliding screw shaft Nut
Constituent Constituent
Material Film Material Film
1 Light metal or DLC Light metal or DLC
light metal alloy light metal alloy
2 Light metal or DLC Aluminum or Alumite

light metal alloy aluminum alloy
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TABLE 1-continued

Sliding screw shaft Nut

Constituent Constituent
Material Film Material Film

3 Aluminum or Alumite  Light metal or DLC
aluminum alloy light metal alloy

4 Light metal or DLC Copper or DLC
light metal alloy copper alloy

5 Aluminum or Alumite  Copper or DLC
aluminum alloy copper alloy

6 Light metal or DLC [ron or DLC
light metal alloy iron alloy

7 Light metal or DLC [ron or Hard
light metal alloy iron alloy chromium

8 Light metal or DLC [ron or Nickel
light metal alloy iron alloy

9 Alumimum or Alumite  Iron or DLC
aluminum alloy iron alloy

Further, 1n the case of forming the DLC film 60 on the
threaded part 38 of the nut 52, for example, as shown 1 FIG.
6A, the DLC film 60 may not be formed on at least part of
the intermediate region 58¢ (in FIG. 6A, not formed on any
of the mtermediate region 38g), and the DLC film 60 may
be formed on the first to third starting end portions 58a to
58¢ and the first to third terminating end portions 584 to 58f.
Alternatively, for example, as shown 1 FIG. 6B, the DLC
film 60 may not be formed on the first to third terminating
end portions 584 to 58/ or the intermediate region 58g, and
the DLC film 60 may be formed on the first to third starting,
end portions 58a to 38¢. In the modifications of the embodi-
ment shown 1 FIGS. 6 A and 6B, 1t 1s possible to achieve
reduction of the production cost of the electric actuator 10 to
a greater extent.

Second Embodiment

Next, an electric actuator 10A according to a second
embodiment of the present invention will be described with
reference to FIGS. 7 to 12. The constituent elements of the
clectric actuator 10A according to the second embodiment
that are 1dentical to those of the electric actuator 10 accord-
ing to the first embodiment are labeled with the same
reference numerals, and detailed description thereof 1s omit-
ted.

As shown 1in FIGS. 7 to 10, the electric actuator 10A
according to the second embodiment includes a motor 12 as
a rotary drive source, a base part 100 disposed on the motor
12 through a housing 14, a sliding screw shait (feed screw
shaft) 102 for transmitting a rotary drive force of the motor
12, and a displaceable part 104 which 1s displaced 1n
accordance with rotation of the sliding screw shaft 102.

The base part 100 includes a base part main body 106
having a U-shape in cross section and which extends in an
axial direction of the sliding screw shatt 102, a first end plate
108 provided at the proximal end (end on the motor 12 side)
of the base part main body 106, and a second end plate 110
provided at the distal end (end opposite to the motor 12) of
the base part main body 106. Each of the first end plate 108
and the second end plate 110 1s fixed to the base part main
body 106 using a plurality of fixing screws 112.

That 1s, the base part 100 has a space S formed by the base
part main body 106, the first end plate 108, and the second
end plate 110. The displaceable part 104 1s placed in the
space S. An opening 114 communicating with the space S 1s
tormed over the entire length of the base part main body 106.
The opeming 114 1s covered by a plate-shaped cover part
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116. In the structure, 1t 1s possible to suppress entry of dust
from the outside of the base part 100 into the space S through
the opening 114. The cover part 116 1s fixed to the first end
plate 108 and the second end plate 110 by fixing screws 118.

An 1sertion hole 120 1s formed 1n the first end plate 108.
The housing 14 i1s iternally fitted into the insertion hole
120, and the slhiding screw shaft 102 is inserted into the
insertion hole 120. An o1l supply hole 122 1s formed 1n the
second end plate 110 for supplying grease to the sliding
screw shaft 102 and a grease reservoir 152 described later.

The proximal end of the sliding screw shaft 102 1s axially
supported by the a rolling bearing 124 provided in the
housing 14, and the distal end thereot 1s axially supported by
a slide bearing 126 provided in the second end plate 110. The
sliding screw shait 102 1s made of light metal such as
aluminum or light metal alloy such as aluminum alloy. The

DLC film 130 1s formed on all threads of a threaded part 128
of the sliding screw shaft 102. The DLC film 130 can be
formed 1n the same manner as the above described DLC film
50 (see FIG. 11).

The displaceable part 104 includes a displaceable part
main body 132 having a block shape (rectangular parallel-
epiped shape) and which 1s provided 1n the space S of the
base part 100, a neck part 134 extending from the displace-
able part main body 132 and inserted into the opening 114
of the base part 100, a table 136 provided on the neck part
134, and a nut 138 provided 1n the displaceable part main
body 132 and screw-engaged with the sliding screw shaft
102.

A plurality of guide pins 140 are provided on both side
surfaces of the displaceable part main body 132. The gwmide
pins 140 extend in the axial direction of the sliding screw
shaft 102, and slide on the inner surfaces of the base part
main body 106. These guide pins 140 are positioned with
respect to the displaceable part main body 132 1n the axial
direction of the sliding screw shait 102 using a first stopper
142 fixed to the proximal end surface of the displaceable part
main body 132, and a second stopper 144 fixed to the distal
end surface of the displaceable part main body 132. A
communication hole 146 1s formed in the second stopper
144, at a position facing the oil supply hole 122 of the
second end plate 110.

A circular nut hole 148 1s formed 1n the displaceable part
main body 132. The nut 138 1s disposed 1n the nut hole 148.
An annular cap 150 1s provided in the nut hole 148 on one
side of the nut 138 closer to the first stopper 142. The cap
150 1s fixed to a wall surface of the nut hole 148. The sliding
screw shaft 102 1s inserted 1into an inner hole of the cap 150.
That 1s, the grease reservoir 152 1s formed between the nut
138 and the cap 150 for guiding the grease 1nto a clearance
between the nut 138 and the sliding screw shait 102.

Further, as shown in FIG. 10, the displaceable part main
body 132 has a through hole 154 and an inlet hole 156. The
through hole 154 extends over the entire length of the
displaceable part main body 132, and communicates with
the communication hole 146 of the second stopper 144. The
inlet hole 156 connects the through hole 154 and the grease
reservoir 152. A packing (closing member) 158 1s provided
in the through hole 154. The packing 158 closes an opening
of the through hole 154 on the first stopper 142 side. By this
packing 138, 1t 1s possible to suppress leakage of grease
from a gap between the displaceable part main body 132 and
the first stopper 142.

The table 136 1s wider than the displaceable part main
body 132. An msertion hole 160 1s formed in the table 136,
and the cover part 116 1s iserted into the insertion hole 160.
In the structure, when the displaceable part 104 1s displaced
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with respect to the base part 100, the displaceable part 104
never interferes with the cover part 116. A plurality of
attachment holes 162 are formed 1n a table 136 for attaching
a workpiece (not shown), etc. to the table 136.

The nut 138 has a cylindrical shape. The nut 138 1s
displaced 1n the axial direction by rotation of the sliding
screw shaft 102. In a state where the nut 138 1s placed in the
nut hole 148, the nut 138 1s fixed to the displaceable part
main body 132 by a pin 164 and a setscrew 166. The nut 138
1s made of light metal such as aluminum or light metal alloy
such as aluminum alloy. As shown 1n FIG. 11, the DLC film
170 1s formed on all threads of a threaded part 168 of the nut
138. The DLC film 170 1s formed 1n the same manner as the
DLC film 60 described above.

That 1s, the thickness of the DLC film 170 on the first
starting end portion 168a of the threaded part 168 of the nut
138 is larger than the thickness of the DLC film 170 on the
second starting end portion 1685 of the threaded part 168 of
the nut 138. Further, the thickness of the DLC film 170 on
the second Startmg end portion 1685 of the threaded part 168
of the nut 138 1s larger than the thickness of the DLC film
170 on the third starting end portion 168¢ of the threaded
part 168 of the nut 138.

The thickness of the DLC film 170 on the first terminating,
end portion 1684 of the threaded part 168 of the nut 138 1s
larger than the thickness of the DLC film 170 on the second
terminating end portion 168¢ of the threaded part 168 of the
nut 138. Further, the thickness of the DLC film 170 on the
second terminating end portion 168¢ of the threaded part
168 of the nut 138 15 larger than the thickness of the DLC
film 170 on the third terminating end portion 168/ of the
threaded part 168 of the nut 138.

The thickness of the DLC film 170 on the third starting
end portion 168¢ and the thickness of the DLC film 170 on
the third terminating end portion 168f are equal to or more
than the thickness of the DLC film 170 on the intermediate
region 168g of the threaded part 168 of the nut 138.

Further, as shown in FIG. 12, the top surface of each
thread of the threaded part 168 of the nut 138 has a flat shape
in cross section in the axial direction of the sliding screw
shaft 102. In general, burrs tend to be produced at a tip end
corner 171 of the thread of the threaded part 168 of the nut
138 due to machining. These burrs can be removed by shot
blasting or chemical polishing, etc. However, 1t 1s not easy
to check removal of the burrs visually. Therefore, 1n the case
where the burrs remain at the tip end corner 171 of the thread
of the threaded part 168 of the nut 138, the DLC film 130 of
the threaded part 128 of the sliding screw shait 102 may be
damaged due to the burrs.

In the present embodiment, in order to prevent the damage
to the DLC film 130 of the sliding screw shatt 102, clearance
space 172 1s formed at each root of the threaded part of the
sliding screw shaft 102, and the tip end corner (crest) 171 of
the threaded part 168 of the nut 138 1s placed in the clearance
space 172. Specifically, the wall surface of the clearance
space 172 includes a curved surface 174 having a semicir-
cular shape in cross section in the axial direction of the
sliding screw shait 102, and a pair of flat surfaces 176 joined
respectively to both sides of the curved surface 174 1n the
axial direction of the sliding screw shait 102.

The pair of flat surfaces 176 are inclined to spread toward
a direction away from the curved surface 174. In this state,
the flat surfaces 176 extend beyond the crest of the threaded
part 168 of the nut 138 toward the root thereol to some
extent. The angle (acute angle) 01 formed between a line
perpendicular to the axis of the sliding screw shaft 102 and
cach flat surface 176 1s smaller than the flank angle 02 of the
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nut 138. In the structure, 1n a state where the sliding screw
shaft 102 1s screw-engaged with the nut 138, each flat
surface 176 (sliding screw shaft 102) does not contact the tip
end corner 171 of each thread of the threaded part 168 of the
nut 138. Therefore, even 1n the case where the burrs pro-
duced at the tip end corner 171 of the threaded part 168 of
the nut 138 are not completely removed, 1t 1s possible to
prevent the damage to the DLC film 130 on the threaded part
128 of the sliding screw shaft 102 due to the burrs. In the
case where the DLC film 130 1s not formed on the threaded
part 128 of the sliding screw shait 102, 1t 1s possible to
prevent the damage to the threaded part 128 of the sliding
screw shait 102.

The clearance space 172 also functions as a grease retain-
ing space for retaining the grease guided from the grease
reservoir 152. That 1s, the clearance space 172 1s formed to
be capable of storing the grease (lubricant). In the structure,
it 1s possible to efliciently supply the grease to the gap
between the sliding screw shait 102 and the nut 138, and
thus, improve the abrasion resistance and durability of the
sliding screw shait 102 and the nut 138, and achieve further
noise reduction of the electric actuator 10A.

Further, in the present embodiment, 1f the amount of
ogrease 1n the grease reservoir 152 becomes small, 1t 1s
possible to supply the grease to the grease reservoir 1352
casily. More specifically, at the time of supplying the grease,
the displaceable part 104 1s moved toward the distal end with
respect to the shiding screw shait 102.

Then, the second stopper 144 contacts the second end
plate 110, and the o1l supply hole 122 of the second end plate
110 1s placed in communication with the communication
hole 146 of the second stopper 144. Stated otherwise, the o1l
supply hole 122 1s placed 1n communication with the grease
reservoir 152 through the communication hole 146, the
through hole 154, and the inlet hole 156. At this time, by
action of the packing 138, leakage of the grease from the gap
between the displaceable part main body 132 and the first
stopper 142 1s suppressed. Further, 1n this state, the grease 1s
injected through the o1l supply hole 122 into the grease
reservoirr 152. By displacing the displaceable part 104
toward the proximal end relative to the sliding screw shaft
102, the grease supplied into the grease reservoir 152 1s
guided 1nto the clearance between the nut 138 and the sliding
screw shait 102.

The electric actuator 10A according the present embodi-
ment offers the same advantages and eflects as in the case of
the electric actuator 10 according to the first embodiment.

The electric actuator 10A according to this embodiment of
the mnvention 1s not limited to the above structure. In this
embodiment, for example, the combination of the sliding
screw shait 102 and the nut 13 shown 1n Table 1 can be
adopted. Further, 1n the case of forming the DLC film 170
on the threaded part 168 of the nut 138, the DLC film 170
may not be formed on at least part of the intermediate region
1682, and the DLC film 170 may be formed on the first to
third starting end portions 168a to 168¢ and the first to third
terminating end portions 1684 to 168/. Alternatively, the
DLC film 170 may not be formed on the first to third
terminating end portions 1684 to 168/ or the intermediate
region 168g, and the DLC film 170 may be formed on the
first to third starting end portions 168a to 168¢. In this case,
it 1s possible to achieve further reduction of the production
cost of the electric actuator 10A.

The electric actuator according to the present invention 1s
not limited to the above embodiments. It i1s a matter of
course that various structures can be adopted without devi-
ating from the scope of the present invention.
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The 1nvention claimed 1s:

1. 1. An electric actuator comprising a sliding screw shatft,
and a nut screw-engaged with the sliding screw shatit, the
sliding screw shait being configured to rotate under opera-
tion of a motor to thereby cause the nut to be displaced 1n an
axial direction of the sliding screw shatft,

11. Wherein the sliding screw shaift 1s made of light metal

or light metal alloy; and

111. a diamond-like carbon film 1s formed on a region of a

threaded part of the nut, the region being located within
a range from a starting end of the threaded part of the
nut 1n an axial direction thereof to at least a third thread
of the threaded part of the nut; and

1v. a thickness of the diamond-like carbon film on a first

starting end portion of the threaded part of the nut that
1s located at a first thread from the starting end 1s larger
than a thickness of the diamond-like carbon film on a
second starting end portion of the threaded part of the
nut that 1s located at a second thread from the starting
end.

2. The electric actuator according to claim 1, wherein the
diamond-like carbon film 1s formed on a region of the
threaded part of the nut that 1s located within the range from
a terminating end of the threaded part of the nut 1n the axial
direction to at least a third thread of the threaded part of the
nut.

3. The electric actuator according to claim 1, wherein a
thickness of the diamond-like carbon film on a first termi-
nating end portion of the threaded part of the nut that 1s
located at a first thread from the terminating end 1s larger
than a thickness of the diamond-like carbon film on a second
terminating end portion of the threaded part of the nut that
1s located at a second thread from the terminating end.

4. The electric actuator according to claim 1, wherein the
diamond-like carbon film 1s formed on a region of the
threaded part of the nut that 1s located within a range from
the starting end to the terminating end.

5. The electric actuator according to claim 4, wherein a
thickness of the diamond-like carbon film on the region of
the threaded part of the nut that 1s located within the range
from the starting end to the third thread and on the region
thereot that 1s located within the range from the terminating
end to the third thread 1s equal to or larger than a thickness
of the diamond-like carbon film on an intermediate region of
the threaded part of the nut, the intermediate region being
located within a range from a fourth thread from the starting
end to a fourth thread from the terminating end.

6. An clectric actuator comprising a sliding screw shaft,
and a nut screw-engaged with the sliding screw shatit, the
sliding screw shait being configured to rotate under opera-
tion of a motor to thereby cause the nut to be displaced 1n an
axial direction of the sliding screw shatft,

wherein the sliding screw shaft 1s made of light metal or

light metal alloy; and

a diamond-like carbon film 1s formed on a threaded part

of the nut, the region being located within a range from
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a starting end of the threaded part of the nut 1n an axial
direction thereof to at least a third thread of the
threaded part of the nut,

wherein the diamond-like carbon film 1s not formed on at
least part of an intermediate region of the threaded part
of the nut that 1s located within a range from a fourth

thread from the starting end to a fourth thread from the
terminating end.

7. The electric actuator according to claim 1, wherein the
diamond-like carbon film 1s formed on the threaded part of
the sliding screw shaft.

8. The electric actuator according to claim 1, wherein the
sliding screw shaft 1s made of aluminum or aluminum alloy;

an alumite film 1s formed on the threaded part of the

sliding screw shatt.

9. The electric actuator according to claim 7, wherein the
nut 1s made of light metal or light metal alloy.

10. The electric actuator according to claim 1, wherein the
diamond-like carbon film 1s formed on the threaded part of
the sliding screw shatft;

the nut 1s made of aluminum or aluminum alloy.

11. The electric actuator according to claim 1, wherein a
thickness of the diamond-like carbon film 1s 0.1 um or more
and 6.0 um or less.

12. The electric actuator according to claim 1, wherein the
sliding screw shaft includes clearance space, and crests of
the threaded part of the nut are placed in the clearance space
in a state where the crests and the sliding screw shait do not
contact each other.

13. The electric actuator according to claim 12, wherein
the clearance space 1s configured to store lubricant.

14. The electric actuator according to claim 1, wherein the
diamond-like carbon film 1s formed on a region of the
threaded part of the nut that 1s located within a range from
the starting end to the terminating end.

15. The electric actuator according to claim 6, wherein the
diamond-like carbon film 1s formed on a region of the
threaded part of the nut that 1s located within a range from
the starting end to the terminating end.

16. The electric actuator according to claim 8, wherein the
nut 1s made of light metal or light metal alloy.

17. The electric actuator according to claim 6, wherein the
diamond-like carbon film 1s formed on the threaded part of
the sliding screw shatt.

18. The electric actuator according to claim 6, wherein the
sliding screw shatt 1s made of aluminum or aluminum alloy;

an alumite film 1s formed on the threaded part of the

sliding screw shatft.

19. The electric actuator according to claim 17, wherein
the nut 1s made of light metal or light metal alloy.

20. The electric actuator according to claim 6, wherein the
diamond-like carbon film 1s formed on the threaded part of
the sliding screw shait; and

the nut 1s made of aluminum or aluminum alloy.
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