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TITLE OF THE INVENTION

Actuating Device for Game Machine

BACKGROUND OF THE INVENTION

- Field of the invention

| This invention relates to an actuating device used in a game machine employing

a display unit of, for example, a television receiver. - More particularly, it relates to an
'ac_tuating device f_'or a game machine ha_ving an actuating _portioh for ponu-olling
various opefations, sucl.l-.as those of rotating a display charac.:tger .01'1 a display screen,
continuously changing the movement speed or deforming the display character.
Description of the Re_lated Art

Conventionally, a game machine employing a television receiver has a main
body unit of the game machine, connected to a tele;n's'ion receiver used as a display
device, and an actuating device for controlling a display character connected via a
connection cable to the main body unit of the game machine and which is displayed
on the display screen of the television receiver.

The main bod_y unit of the game machine has, enclosed therein, a disc driving:
portion for reproducing an optical disc as a recording medium carrying a game
program and a picture processing device for displaying on the screen of the television
receiver a display character along with the back'ground.picture in accordance with a
game program recorded on the optical disc. |

On the actuating device, connected o the main body unit of the game machine,
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2
there are arranged plural actuators. The user actuates these actuators

to input the command information concerning the operation of the display characters
displayed on the display screen of the television receiver to control the movement
direction of the display character depending on the command information.

| The actuating device used in this type_of the game machine is held by hand or
finger during use. On one side and on the oﬁposite side of the main bbdy unit, there
are arrapged a direptiop command_ éctué.tig_g-q:ﬁt hav_ing'a' gr_oss-s}_la.}pe'd of\ ci.rcular' N
direction indicating operating button and a function setting executing unit having
plural function setting executing buttons for setting the operating function of the
display character or executing its operation. The direction command actuating unit
includes four switches having actuators which are arranged orthogonally relative to
one another and which are bro;lght iﬁ'to and out of contact with the contact. These
switches are selectively turned on and off by the cross-shaped or circular direction
command actuators for moving the display character. For example, the display
character is digitally moved in the direction along which is arrayed the one of the four
switches that is tmngd_ on. The function setting executing unit includes switches in
association. with the plural function setting actuators so that the function of the display
character allocated to each button is set or the function proper to the display character
is executed.

The direction command actuator of the actuating device is configured so that

the one of the four switches arranged in the mutually perpendicular directions gives
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a command signal of moving the display character in the direction along which is

arrayed the switch tumned on, so that it is not possible to give the command

information of rotating and simultaneously advancing the display charécter or

changing its line of sight: The result is that it becomes difficult to construct the game
. program employing the display character performing diversi.ﬁed.operations.

Qn the other hand, since switches co'nstitutiﬁg the direction command actuating
unit six_r;pl_j is turned on and off by_ac.tuat:iqir_l:f thj_g_ dﬁecﬁop_commmd agtl__l-qtpr.‘_to_ give
the cqmmand information controlling the movement of t_he display character, tl'_xe

'movement of the display character becomes intermittent such that a series of
continuous movements cannot be executed.

There has been proposed an apfuating device having an actuating unit which
rende;rs it possible to input a command signal for moving and simultaneously rotating
the display character, moving the display character as its speed is varied or changing
its configurations. |

This type of the actuating device is described in the Japanese Laying-open
Publication H-7~882_52. |

There is provided in an actuator adapted to be thrust and simultaneously rotated
in the actuating unit adapted for rotating a display cha;acter or changing its
configuration. This type of the actuator is gripped or thrust by hand or finger.

The actuator for actuating the direction command actuator is also thrust by

being thrust by hand or finger.
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The actuator of the actuating device for the game machine is frequently acted
on during execution of the game program. Moreover, the actuating unit is used for
prolonged time. |
SUMMARY OF THE INVENTION

It s therefore an object of the present invention to provide an actuating unit for
the game machine which can give an optimum op'erati'né feeling to the actuation of the
actuator acted on ﬁ'_gquenﬂy. | a |

It is another object of the present invention to provide an acfuating unit for the
game machine in which the user is not fatigued in hand or finger or even on proloxllge.c'i“
use of .the unit.

It is still another object of the present invention to provide an actuating device
for a game machine which affords an agreeable use feeling and which is high in
reliability.

It is yet another object of the present invention to provide an actuating device
for a game machine which enables the game to be executed with highly vivid play
feeling.

- For accomplishing the above objects, an actuating device for a game machine
includes first and second grips protruded from one side of each end of the main body
unit of the device. On one and the opposite ends of the main body unit are provided
first and second actuating units. Each of the first and second actuating units is

provided with plural thrusting actuators projected to the upper surface side of the main
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5
body unit and with plural signal input elements thrust by these thrusting actuators.

The actuating device also includes thi;d and fourth actuating units arranged
facing each other on the proximal ends of the first and second grips and which are
_provided with signal input terminals actuated by the thrusting actuators. These. third
and fourth actuating units can be actuated by thumb fingers of both hands of the user -
" holding the first and second grips.
~ The third and fourth acﬁ;ating units jr;clu&jng' ‘the signal input ter;_niha_ls _
actuated by the fotation actuators input to the main body unit of the device command
signals enabling rotation and translation simultaneously of the display character
displayed on the screen, movement of the display character with varying speed or
change of the configuration.

In the present actuating device for the game machine, each rotation actuator
includes a main actuator body portion of a synthetic resin connected to an associated
actuating unit and a top portion of a flexible material swollen-ouit at its distal end and
which is formed as-one with the main actuator body portion. Since the top portion
contacted with the I@nd or finger has its distal end swollen-out and is formed of a
flexible material, an optimum contact feeling can be realized to improve use feeling.

There is enclosed in the actuating device of the present invention a vibration-
imparting unit which imparts vibrations to the user during operation to execute a game
with a vivid play feeling. This vibration-imparting unit is provided in the first and

second grips and is made up of a driving motor and an eccentric member mounted on
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6
é dﬁving' shaft of the motor. The vibration-imparting unit has different vibration-
imparting states to realize a more vivid play feeling in executing a game.

In the actuating device for fhe game machine according to the present invention,
‘since the top po.rtion' of the rotation-actuator for e_htcx__jgg a command signal in
. executing the game program, cont_écted by the hand or ﬁﬁger of the user, is formed of
"~ a ﬂexible' material and is swollen out at its distal lend,'op.timum contact feeling may
be r¢aljz§d to improve the u__.s_e' f;_eél_ing. | L | ._

Since the main actuator body portion and the top portion makmg up the rotation
actuator is formed by two-color molding, the main actuator body portion and the top
portion can be pos1t1ve1y umﬁed to each other to assure high operational rehablhty of
the actuatmg unit.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig.1is a perspective view showing an actuating dévice for a game machine.
' Fig.2 is a plan view showing the actuating device shown in Fig. 1.
Fig.3 is a back-side view thereof.
Fig.4 is front 'view thereof.
. Fig.5 is a right-hand side view thereof.

Fig.6 is a left-hand side view thereof.

Fig.7 is a perspective view showing the use state thereof. -

Fig.8 is a side view éhowing the state of using the actuating device for the game

machine mounted n a mounting surface.
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Fig.9is a perspective view showing essential portions of a first actuating unit.

Fig.10 is a partial cross-sectional view showing the first actuating unit.

Fig.11 is a cross-sectional showing the state in which first to fourth thrusting
actuators of the first actuating unit. |

Fig.12 is a cross-sectional view showing the state in which a second actuator of .
the first actuating unit is being thrust. |
DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to the drawings, an actuating device for a game machine according
to the present invention will be explained in detail.

The actuating device for the game machine is connected to a main body unit of
the game machine having enclosed ﬁerem a disc driving unit for reproducing an
optical disc as a recording medium cafrying a recorded game program and a picture
processing device for displaying a display character along with the background on a |
screen of th;: television receiver in accordance with a game program recorded on the
optical disc.

An actuating c_levice 1 for the game machine according to the present invention
includes a main body unit 4 made up of an upper half 2 and a lower half 3 abutted and
connected to each other by fasteners, such as set screws, as shown in Fig.1. From one
side of ends of the main body unit 4 are protruded a first grip 'S and a second grip 6
which are held by left and right palms when the device 1 is connected to the main body

unit of the gamé machine for executing the game. There first and second grips 5,6are
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protruded towards the lower side of the main body unit 4 as they ;are flared and spaced .
apart from each other towards their distal ends, as shown in Figs.2 to 4.. For enabling
prolonged gripping of the first and second grips 5, 6, these iniJS are tapered from the
éonnepting sides to the main body unit 4 towards the disfal ends, while being arcuately

contoured in peripheral surfaces and at the distal ends, as shown in Figs.2, 5 and 6.

o On one end of the mam body-/ unit 4_i_s proyig_ied a ﬁr'st actuatmg unit 9, havmg
first to'fourth thrusting 'actuz.ztors 8a, 8b, 8c, 8d protruded on the upper surface side of
the main body u.mt 4, as shown in Figs.1 and 2. The first to fourth thrusting actuators
8a to 8d making up the first actuating unit 9 are formed as-one with a rotary actuating
member 10 having its center portion supported for rotation and are arrayed in mutually
perpendicular d1rect1ons about the ceriter of rotation of the rotary actuating member
10. That is, the first actuating unit 9 is provided with switch elements as signal
iﬁput’ting elemen_ts in association with the first to fourth thrusting actuators 8a to 8d.
The first actuating unit 9, operating as a direction command controller for controlling
the movement of the display character. By selectively thrusting the first to fourth
thrusting actuators 8a to 8d to turn the switches associated with these thrusting
actuators 8a to 8d on and off, the display character is moved in the arraying direction

of the thrustingly actuated thrusting actuators 8a to &d.
On the opposite side of th'e.main body unit 4 is arranged a second actuating unit

12 having first to fourth thrusting actuators 11a, 11b, 11c, 11d protruded from the
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9
main body unit 4 and which are arranged in mutually perpendicular directions, as

shown in Figs.1 and 2. These first to fourth thrusting actuators 11ato 1 1d are formed
-as independent members and sigﬁal inputting elements, not shown, are provided in
association with the thrusting actuators 11a to 11d. The second actuating unit 12
. operates as a function setting executing unit for setting the functions of the display.
character-allocated to the thrusting actuators 11a-to 11d or executing the functions
. qwnec_i by the digpiay character byturmng thg sWitche_:é associated with tl_1_e ﬁ__.rst to
fourth'thrusti:_lg ;actuato-rs 1lato 11d on and off.

The acmatiﬁg device 1 according to the present invention includes third and
fourth actuators 14, 15 mounted facing each other on the comers of the proiimal ends
of the first and second grips 5, 6 connecting to the main body unit 4, as .shown 1n
Figs..l and 2. These third and fourth actuators 14, 15 are provicied with a -rotation
actuator 16 rotatable through 360° about an actuating shaft as center and a signal
mputting element, such as a variable resistance él_ement, actuated by this rotation
actuator 16. Speciﬁcally; the rotation actuator 16 is mounted at the distal end of an

| actuating shaft, mounted under the bias of a biasing member for restoration thereof to
a neutral position, and is rotated through 360° about the center of rotation of the
actuating shaft as the center of rotation. Thes¢ third and fourth actuators 14, 15 are
used an actuating unit which, by rotating the rotation actuator 16, issues a command
signal for realizing analog movements, such as rotating and simultaneously moving the

display character, moving the display character with a variable speed, or vg.rying_ its
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configurations.

On left and right side ends on the front side of the main body unit 4 opposite to
its back side provided with the first and second grips 5, 6 are arranged fifth and sixth
-actuqting units 17, 18. These fifth and sixth actuating units 17, 18 are prqyided with
first and second thmstin_g actuators 19a, _19b and 20a, .20b,_respectiv¢ly, as shown in

- Fig.4. Thesé thrusting actuators 19a, 19b and 20a; 20b are prdvidéd with associated
_ swigchin_g eleme_:;}t__éz The_ ﬁfth af1d si_x_th fgma@qg umts 1:7,_ 18 o'p'erate és_ 'funcﬁon
setting execuﬁng units for setting thé functions of 'the display cha-ra'cter allpcatgd to the.
thrusting actuators 19a, 19b and 20a,l 20b or executing the functions ownedl by the
display character by turning on switches, not shown, associated with the first and
second thrpsting‘ actuators 19a, 19b and 20a,_ 20b. |

Between the first actuating unit™® and the second actuating unit 12 on the upper
surface of the main body unit 4, there are provided, side-by-side, a start switch 22 for
commanding the start of a game and a selection switch 23 for selectiﬂg relative facility
or difficulty when starting a game, as shown in Figs.1 and 2. On the other hand, there
are provided, between the third aétuating unit 14 and the fourth actuating unit 15 on
the upper surface of the main body unit 4, 2 mode selection switch 24 for selecting the
~ operating mode of the third and fourth actuating units 14, 15 and a display unit 25 for
displaying the state of the operating modes of the third and fourth actuating units 14,
15. The display unit 25 is constituted by a light emitting element, such as LED. By the

changeover operation of the mode selection switch 24, an operating mode enabling the
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11
inputting of a command signal from the third and fourth actuating units 14, 15 or an

operating mode inhibiting the inputting of the command signal from the third and
fourth actuating units 14, 15 is selected, while the command signal from the third and
fourth actuating units 14, 15 is enabled to be entered and the operating mode is
.selected which has made a switching between the function of the first to. fourth.
thrusting actuators 11a to 11d of the second actuating unif 12 and the functionof the
_first and second thrusting actuators 19a, 19b and- 20a, 20b of f_l_1_e ﬁﬂh and s1xth
actuating units 17, 18. The display unit 25.i_s turned on and off depending on the state
-of these operating modes, whﬂe switching is made of the display light.

On the lower side of the main body unit 4 are formed engagement recesses 26,
27 in whlch portlons of hands or ﬁngers Rf, Lf are engaged when the first grip 5 and
the second grip 6 are gripped by the Kands or ﬁngers Rf, Lf, as shown in Figs.5 to 8.
These engagement recesses 26, 27 are formed as smoothly curved reentrant recesses,
as shown in Figs.5 and 6.

On the front side of the main body unit 4 are formed depending finger suppo.rts
28,29, in associatio_n with the engagement recesses 26, 27, as shown in Figs.5 and 6.
Specifically, these finger supports 28, 29 are protuberantly formed from the lower ends
of protrusions 31, 32 on both ends on the front surface of the main body unit 4 where
the fifth and sixth actuating units 17, 18 are formed.

In the actuating device of the present invention, in which the first and second

grips 5, 6 are protuberantly provided on the main body unit 4, as described above,
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these first and second grips 5, 6 are %lgld in a wrapping fashion by both palms of the

hands, as shown in Fig.7, so that there is no necessity of holding the main body unit

4 by fingers, su.ch that the actuating device 1 an be held in a state in which up to a

maximum of ten and at least six fingers can be moved freely. If, for example, the first

and second grips 3, 6 are held in a wrapping fashion by both palms of tl_le hands, as..
shown in Fig.7, thumb fingers. Rfl, Lfl of both hands can be extended over the

rotation actuato;é 16 of _i:he third and fourth actuating units 14, 15, o'v.er.' t.hq_.i‘irst to
fourth thrusting actuators 8a to 8d of the first actuating unit 9 and over the ﬁrst to

fourth thrusting actuators 11ato 11d of the second actuating unit 12 to permit selective

thrusting of the rotation actuators 16 and the thrusting actuators 8a to 8d and 11a to

11d. In particular, since the rotation actuators 16 of the third and fourth actuating units
14, 15 are arranged facing each o.ther On the proximal ends of the | |

first and second grips 5, 6 corresponding to the connecting porﬁons to the main body
unit 4, the rotation actuators 16 are closest to the thumb fingers Rf1, Lfl of both hands
when the fu"st and second grips 5, 6 are gripped by the hands, so that the rotation
actuators 16 can be easily rotated by both thumb fingers Rf1, Lfl.

Also, when the first and second grips 5, 6 are gripped in a wrapping fashion by
both palms of the hands, és shown in ng.7, index fingers Rf2, Lf2 and middle fingers
Rf3, Lf3 of both hands can be extended to such positions as to enable selective
thrusting of the first and second thrusting actuators 19a, 19b, 20a, 20b of the fifth and

sixth actuating umts 17, 18.
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13 .
When the actuating device 1 is gripped by hands or fingers, finger supports 28,

29 can be held as the first and second grips 5, 6 are wrapped in the palms of the hands,
while fourth fingers Rf4, Lf4 of both hands and/or little fingers Rf5, LS are engaged
in the engagement recesses 26, 27, so that the main body unit 4 can be held at fixed
positions relative to the fingers of the hands of the user. That is, the fingers canbe -

cor;eétly positioned in association with the first to sixth actuating units 9, 12, 14, 15,

17 and 18, thus realizing reliable actuation. .

The actuating device 1 according to the present invention can also be set on a
planar setting surface S, such as a table, as shown in Fig.8. If the actuating device 1
is set on the setting surface S, with the distal en_ds of the first and second grips 5, 6 and

those of the finger supports 28, 29 as supports, the actuating surfaces of the first to

| fourth thrusting actuators 8a to 8d of the first actuating unit 9, the first to fourth

thrusting actuators 1 la to 11d of the second actuating unit 12 and the rotation
actuators 16 of the third and fourth actuating units 14, 15 are substantially parallel to |
the setting surface S, as shown in Fig.8. Thus, the actuating device 1 of the present
invention can be set on the planar setting surface S and the hands placed on the setting
surface S, with the first and second grips 5, 6 being supported by the palms to actuate
the first to sixth actuating units 9, 12, 14, 15, 17 and 18.

The first actuating unit 9 of the actuating device 1 according to the present
invention is explained in further detail. Referring to Figs.1, 9 and 10, the first to fourth

thrusting actuators 8a to 8d are protuberantly formed on the rotary actuating member
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10 within the substantially cross-shaped recess 30 on one end side on the upper surface
of the main body unit 4. On the upper and lower and left and right ends of the cross-
shaped recess 30 aré provided direction indicators 31a, 31b, 31¢, 31d towards the inner
_ sides of which four apertures 32 are formed in mutually perpendicular d_ircctioﬁs for
allowing the first to fourth thrusting actuators 8a to 8d to be protruded from the upper
sﬁrface side of the main body unit 4, respectively. The center area swrrounded by' these
apertures 32 s formed as a central supporting projection 33 for supporting the center
portion on thé upper surface side of the main Body unit 4, as shown in Fig.10. This
central supporting projection 33 is fofme& as-one with the upper inner surface of the
main body unit 4. The central supporting projection 33 is faced by an elastic member
35 having four movable contacts 34 thmst by thp first to fourth thrusting actuators 8a
to 8d. At a center posiﬁon of th:c elastic member 35 is held a sph:crically—shaped
fulcrum member 36, such as a steel ball, adapted for suppoﬁing the center on the low

surface side of the rotary actuating member 10. The elastic member 35 is faced by a
curcuit s;ubstrate 38 including four stationary contacts 37 adapted for being contacted
with and disengageq from the movable contacts 34.

The rotary actuating member 10 constituting the first actuating unit 9 is made
up of a circular-shaped base 39, first to foﬁrth thrusting actuators 8a to 8d formed as- |
one with the upper part of the base 39, a spherically-shaped first recess 41 in the lower
surface of the center portion of the base 39, adapted for engaging in the spherical

surface of a spherically-shaped fulcrum member 36, a spheﬁcally-shape__d'second
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15
recess 42 in the upper center surface portion of the base 39 adapted for engaging with

the central supporting projection 33 and a contact guide 43 protuberantly formed on
the lower side of the base 39 for thrusting the back surface of the movable contacts 34
of the elastic member 35, as shown in Figs.9 and 10. The four first to fourth thrusting
actuators 8a to 8d formed as-one with the rotary actuating member 10, are formedon
the upper side of the Base 39 so that the thrusting éctuators 8a to 8d are tapered in a
dxrectlon towards an nnagmary converglng pomt and so that the thrustmg actuators |
8a to 8d are increased in tl'uckness in a direction from the center towards the outer
ends, as shown in Fig.9. The thrusting actuators 8a to 8d are protruded via apertures
32 from the upper surface of the main body unit 4, as shown in Fig.9.

The elastlc member 35 is sandwxched between a circuit substrate 38 and the
rotary actuating member 10 and is prévided with a number of movable contacts 34,
such as ruber contacts, corresponding to the number of the first-to fourth thrusting
actuators 8a to 8d.

A fulcrum member 36 is spherically-shaped and is arranged at a mid portion of
the rotary actuating member 10 in register ﬁth the central supporting projection 33.
The fulcrum member 36 is engaged in a .ﬁrst recess 41 formed at the center of the
rotary actuating member 10.

Ifthe rotary actuating member 10 is arranged on the main body unit 4, the first
to fourth thrusting actuators 8a to 8d are arranged radially, about the central supporting

projection 33 as center, and are progressively increased in height from the imaginary
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converging side ends towards the opposite outer ends. The result is that, when the
finger 1s se.t at the center portion of the recess 30 surrounded by the first to fourth
thrusting actuators 8a to 8d, the relative position can be easily discriminated by the

_ tactile feeling at the end of tl}t_*. finger, due to the step difference between the center
. portion and the first to fourth thrusting actuators 8a to 8d, such that, when the finger
end is shifted for switch actuation ﬁ'ém the c;snter towards the outer side of the recess
30., whlch Qf the first to foﬁrtl} thrusting ac'i?uatox:s 8a to 8dis befng_ thrust can be easily
aiscﬁnﬁnated based solely on the tactile f_‘e.el'ing. |

The rotary actuating member 10, formed as-one with the first to fourth thrusting
actuators 8a to 8d, are formed by molding a synthetic resin material of arelatively high
toughness. The result is that the first to fourth thrusting actuators 8a to 8d of increased
toughness are thfust l;y the hand .or finger sﬁch that the o.p-erational feeling is not
optimum.

Thus, a top layer 7 formed of a soft flexible material is formed as-one with the
upper surfaces of the first to fourth thrusting actuators 8a to 8d acted on by the hand
or finger, as shown in Figs.10 and 11. The top layér 7 is formed of a material
exhibiting rubber-liice elasticity. The top layer 7 is molded in two colors and formed
as-one with the first to fourth thrusting actuators 8a to 8d. The top layer 7 is slightly
swollen out at the mid poifion for improving tﬁe tactile feeling.

Since the top layer 7 of a soft flexible material is provided on the first to fourth

thrusting actuators 8a to 8d, it is possible to relieve the impact otherwise applied to the
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hand or finger on thmeting actuation thus improving the operational feeling on
~ actuation with the hand or finger. Since the elastomer of the top layer 7 has large
friction, it operates for inhibiting the slip of the hand or finger on thrusting actuation
of _the first to. fourth thrusting actuators 8a to 8d.

_ If, in the above-described first actuating unit 9, none of the first to fourth
thruéting actﬁators 8a to 8d s actuated, the rotary actuating member 10 is uplifted by
the contact gulde 43 under the bias of the elasuc member 35 as shown n F1g l 1 w1th _' '
the central supportmg proj eeuon 33 engaging in the sphencally—shaped second recess
. 42 of the rotary actuating member 10. Simultaneously, the peripheral end of the
circular-shaped base 39 is retained by the end of the aperture 32, the rotary actuating
member 10 being then retained in an initial position, with the first to fourth thmsting
actuatore 8a to 8d being projected to eiltside or on the ﬁpper surfaee side of the maiﬁ
body unit 4.

If, with the first to fourth thrusting actuators 8a to 8d in the initial position, the
third thrusting actuators 8c is thrust in the direction indicated by arrow A or B in
Fig.12, the retary acmeting member 10 is rotated.in the direction indicated by arrow
Rlor towarde right in Fig.12. Thus, the third thrusting actuators 8c thrusts the elastic
member 35 downwards. If the third thrusting acﬁxators 8c is thrust further, the rotary
actuating member 10 is rotated in the direction indicated by arrow R1in F ig.13, about
the fulcrum member 36 |

as the center of rotation, until the movable contacts 34 are contacted with the
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stationary contacts 37 to establish the electrical connection.

If the thrusting on the third thrusting actuator 8c 1s relinquished, the ﬁrst recess
41, kept in spherical surface contact with the fulcrum member 3§, 1s moved away from
the fulcrum r'ne.:mbc.er 36, under the bia_s. of the e_lastic member 35. T.hgt is,.the third _
.~ thrusting actuator 8c is rotated in the direction indicated by arrow R2 in Fig.13 to -

' separate the movable contacts 34 from the stationary contacts 37. If the third thrusting

' actuator 80 is rotated ﬁlrther m the dlrectlon mdlcated by an'ow R2inFig.13 untll the

central supportmg projection 33 is cngaged in the second recess 42, the rotary
actuating member 10 is reset to the initial position shown in Fig.11.

On the other hand, if the first thrusting actuators 8a is thrust in the direction
indicated by arrow C in Fig.10 towards the front side of the main body unit 4, the
elastic member 35 1s deformed against the force of elasticity. Thus, the ﬁrst-thrusﬁﬂg
actuators 8a is moved in the direction indicated by arrow CinFig.10, as the firstrecess
41 is rotated on the spherical surface of the fulcrum member 36, so that the movable
contacts 34 are contacted with the stationary contacts 37 by way of switching.

The mévable contacts 34 and the stationary contacts 37 make up a switch
element, which is turned on and off by the contacts 34, 37 being in or out of contact
with each other, in order to permit the inputting of a designating signal of moving the
display character.

Since the operational fulcrum poiﬁt for the first to.fourth thrusting actuators 8a

to 8d of the first actuating unit 9 is constituted by relative engagement between the
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19 ,
spherically-shaped fulcrum member 36 and the spherically-shaped first recess 41,

relative contact between the spherical surfaces can be exploited to change the stroke
of the rotary actuating member 10 to perform the switching operation. In addition,
~ since the thrusting actuators 8a to and are di_scretely provided on the main body unit
4, there is n§ limitation to the thrusting direction of the ﬁrst. to fourth thrusting
actuators 8a to 8d, so that a smooth omnidirectional switching operation can be
‘ realized, th_u_s Improving opefabﬂity by Prg_veﬁtion of -s'po_radic movements, deviation
of the center position of ai_stortion lof the rotary actuatiné x;xemb'e'r 10.
The second actuating unit 12 of the acﬁiatiﬁg device 1 of the present invention
is explained in further detail. The second actuating unit 12 has a substantially cross-
“shaped recess 51 towards the opposite side end on the upper surface of the main body
unit 4, and apertures 52 in upper a.nd I6wer and lest and right ends of the recess 5 i, as
shown in Figs.1 and 2. The second actuating unit 12 is constituted by first to fourth
thrusting actuators 11a to 11d arranged on the main body unit 4 so that distal ends of
the thrusting actuators are protruded towards the upper surface side of the main body
unit 4. Within the mgin body unit 4 are arranged switch elements thrust by the first to
fourth thrusting actuators 11ato 11d. These switch elements are turned on and off by
thrusting actuation of the thrusting actuators 11a to 11d to input command signals of
setting the operational functions or executing the operation of the display character.
On the end faces of the first to fourth thrusting actuators 1la to 11d are

inscribed symbols indicating the functions of the thrusting actuators 11a to 1 1d, such
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as[], X, 0 or A. In the present embodiment, the symbols A, Cl; X and o are affixed
to the first, second, third é.nd fourth thrusting actuators 11a to 11d,
respectively. Specifically, the third and fourth thrusting actuators 11c, 114, that are
positioned towards the second grip 6 and hence can be acted on easily by the thumb
. finger when the second grip 6 is held by hand, are set to enter command signals “YES” |
-and “NO” ﬁ'equgi;ﬂy used in prosecuting the gaine. Thus, marl_<s.
o and *X” corresponding to the gommands of “YES” and *NO” are inscribed on
these third and fourth thrusting actuators 11c and 11d. That ié, even if the actuatiné
device 1 is.provided with a large number of .actuators, the third and fourth thrusting
actuators llc, 11d, used ﬁ'equently, are located at eas;r-to operated positions, thus
| improving operability of the minimum number of the thrusting .actuators required in
prosecuﬁon of the game. - |

The first to fourth thrusting actuators 1la to 11d may also be desiéned to
indicate the various functions by different colors. That s, the functions of the thrusting
actuators 11a to 11d may be indicated by respective different colors.

Similarly to the first to fourth thrusting actuators 8a to 8d making up the first
actuating unit 9, the first to fourth thrusting actuators 11a to 11d may be integfally
provided on the upper sides t_hereqf contacted by the hand or finger with a top layer |
formed of the elastomer exhibiting rubber-like elasticity. This
top layer is effective to improve contact feeling of hand or finger with the first to

fourth thrusting actuators 11a to 11d and hence the operability of the device:
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The third and fourth actuating units 14, 15 are hereinafter explamned. These
third and fourth actuating units 14, 15 are mounted on substantially cylindrically-
shaped mounting portions 47, 48 at corner portions of the connecting sides of the first
and_secopd grips 5, 6 to the main body unit 4 for facing each other, as shown in Fig. 1.

Since the third and fourth actuating units 14, 15 are of the same. structure, only .

_the third actuating unit 14 is hereinafter explained.

The third actuatmg umt 14 hasa mult1-d1rect10nal input dewce 50 as shownin
Fig.14. This multi-directional input device 50 has a box-shaped upper frame 51 and
an arched first interlock type member 51, as shown in Fig.14. The first interlock type
member 51 is rotatably carried by the upper frame 50 by having a warped end portion -
52 engaged with a rotary shaft 54 of a ﬁrs_t variable resistor 53a operating as a rotary
detector secured to a lat-efal side 50a ¢f the upper frame 50 and by hz;ving alug 55 of
the opposite side warped end portion 52 loosely fitted in an opening 56 formed in a
lateral side 50b opposite to the lateral side 50a of the frame 50.

At a center position of the upper frame 50 is arranged an actuating shaft 57
having a saucer-like operating poxtién 58 on its lower end and a disc 59 at a mid
portion. This disc 59 has an orifice 60. The upper portion of the actuating shaft 57 is
mounted the rotation actuator 16.

Within the upper frame 50 is arranged a second interlock type member 62 for
extending at right angles to the actuating shaft 57. The second interlock type member

62 has a ball 63 at its center and a pair of arms 64a, 64b extending horizontally with
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respect to the ball 63. The Ball 63 has a groove extending from its upi)er si&e to its
lower side. After the actuating shaft 57 and the disc 59 are inserted into the groove 65,
and the orifice 60 is broﬁght into registration with the hole 66 in the lateral side of the
ball 63, the pin 67 is inserted into the hole 66 and the orifice 67 and the actuating shaft
57 is mounted on the second interl,ock_type_mer_nbef_62 for rotation along the groove
65 with the pin 67 as a supporting shaft.

ﬁxe .S‘C.COI.ld intc_arlpék tyﬁe member 62 is projected 61;hwa.rds_ from the late'rall
side 50d of the upper frame 50 by a rotary shaft 54 of a second variable resistor 53b
secured to the lateral side 5SOc of the upper frame 50 engaging with the end of the arm
64a and by the end of the opposite side arm 64b fitting in an elongated hole 70 formed
in the lateral 51de 50d of the upper frame 50. The actuating shaft 57 is passed through
the groove 71 of the ﬁrst mterlock type member 51 and subsequently projected
outwards via an opening 72 formed in the upper surface of the upper frame 70.

The actuating shaft 57 is supported on a restoration member 73 which has a
saucer-like operating. member 58 rotatably housed in its upper surface side recess 74.

A lower ﬁme 75 is mounted on the lower end of fhe upper frame 50. On the
upper surface of the lower frame 75 is formed a supporting wall section 77
for vertically movably housiné a ﬂangé 76 of the restorati;)n member 73. Between the
bottom surface of the lower frame 75 and the outer peripheral rim 78 of the restoration
member 73 is housed a restoration spring 79 biasing the restoration member 73

upwards. The end of the arm 64b of the second interlock type member 62 i3 caused’

"l
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to compress against the upper edge of the elongated hole 70 in thé lateral side 50d of
the upper frame 50. The second interlock type member 62 is rotatably mounted on the
upper frame 50 in a direction perpendicular to the first interlock type member 51
below the first interlock type member 51.

On the lateral side 50d of the ﬁpper frame 50 is mounted a thrust type switch
element 80 which is changed over by thrusting the spring-biased thrusting actuators
81 against spi_‘ir;g bias. The- thfu-sting act1_1_atofs 81 faces the end 82 of the_t arm é4b of
the second interlock type member 62. This end 82 is projécted in the same direction
as a mounting leg 83 provided on the lower edge of the upper frame 50 and terminals
84 of the first and second variable resistors 53a, 53b.

The operating state of the multi-directional nput device 50 is hereinafter
explained. -

If the user holds the rotation actuators 16 and rotates the actuating shaft 57 in
an optional direction, the actuéting shaft 57 is rotated about the point of intersection
of the second interlock type member 62 with the piﬁ 67 as the center of rotation. With
rotation of the actua_ting shaft 57, the first inferlock type member 51 and the second
interlock type member 62 run in rotation. The rotary shafts of the first and second
variable resistors 53a, 53b are also run n rotation to adjust resistance values.

The operation for automatic restoration of the actuating shaft 57 is h_ereinafter -
explzﬁned.

'During the neutral state in which the actuating shaft 57 is not actuated, the
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actuating shaft 57 is set upright from the opening 72 in the upper surface of the upper
frame 50, with the bottom surface of the operating member 58 compressing against the
inner bottom surface Qf the restoration member 73 by the restoration spring 79.

If the actuating shaft 57 is tilted clockwise from this state as shown in Fig:16,
the flange 85 having an arcuate portion the radius of curvature of which is
progressively increased towards outside of the operating member 58 thrusts the
. restoration member 73 downwards along the sqppdfting wall section 77 of the lower
frame 75 against the elasticity of the restoration spring 79.. If the operating pressu_re
on the actuatiné shaft 57 is relinquished, the neutral state shown in Fig.15 is restored,
that is the actuating shaft 57 is restored to its upstanding state, under the boas of the
.restoration spring 79.

The operation of the switch elei;nent 80 is explained with reference to Figs.17
and 18, -

The actuating shaft 57 in the non-operative state is at a position shown m
Fig.17, in which the end of the arm 64b of the second interlock type member 62 is
spaced apart from tl}e thrusting actuators 81 of the switch element 80 and the end of
the arm 64b compresses against the upper edge of the elongated opening 70 of the
lateral surface 50d of the upper frame 50. If the actuating shaft 57 is thrust downwards
from this state, the end of the arm 64b of the second interlock type member 62 is
moved downwards, along the elongated hole 70, against the bias of the restoration

spring 79, with the engagement point of the arm 64a with the rotary shaft 54 of the

S
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first variable resistor 53a as a fulcrum point, until the end of the arm 64b is retained
by the lower edge of the elongated opening 70 operating as a stop. At this time, the end
of the arm 64b thrusts the thrusting actuators 81 of the switch element 80 downwards
to ;:hangé over the state of the switch element 80 If the actuating shaft 57 ceases to
~ be thrust, the end of the arm 64b is restored to _thg state shown in Fig.17, against the
_ | recoiling force of the restoration spring 79, with the end of the arm 64b being reset to
the state of Fig.17 in which the end of the arm compresses ;again_st the upper edge of
the groove 30. The switch elefnent 80 1s in 6peration .even if the thrusting actuators
81 are thrust when the actuating shaft 57 has been rotated in an optional direction.

By rotation of the rotation actuators 16 and consequent actuation of the first and
second variable resistors 53_a, 53b, the third and fourth actuating units 14, 15 can issue
the command information of continuofisly moving the display charactér, rotating and
simultaneously advancing the display character or changing its line of sight.

It is noted that the rotation actuators 16 for actuating the third and fourth
actuating units 14, 15 are provided with a main actuator body portion 86 mounted on
the distal end of the actuating shaft 57, as shown in Figs.19 and 20. The main actuator
body portion 86 is molded integrally ﬁom a synthetic resin material of higher
toughness to inhibit defonnati§n. The main actuator body portion 86 has a shank
portion 86a on the distal end of which an ellipsoidally-shaped head 86b is
protuberantly formed and on the proximal end of which a tubular fitting projection 86¢

is formed so as to serve for mounting the acmatmg shaft 57. There is bored a fitting

/
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hole 86d extending from the fitting projection 86¢ to the mid portion of the shank

| portion 86a and in which is fitted the actuating shaft 57.. On the outer rim of the
proximal end of the shank portion 86a is protuberantly formed a semi-spherically-

-shaped flange 86e. When the rotation actuators 16 are fitted on the aetuating shaft 57,

- the flange 86e fits in an opening 87 formed in the main body umt 4 to permut rotation
of the rotation aetuators 16 in order te cover the opening 87 and in order to guide the
rotat1on of the rotation actuators 16, as shown in Flgs 1 and2.

On the upper surface side of the head 86b, contacted by the hand or ﬁnger there
is integrally formed a top layer 88 formed of a flexible material, as shown in Figs.19
and 20. The material of the top layer 88 may be an elastemer exhibiting rubber-like

_elastlclty The top layer 88 is formed by two- color molding on the head 86b of the
main actuator body portion 86 The upper surface side of the top layer 88 is arcuately
- formed towards above for improving the tactile feeling. |

With the rotation actuators 16, having the top layer 88 of a flexible material ofx
its portion touched by hand or finger, it is possible to reduce the impact otherwise
applied to the hand_ orb finger when the actuators are thrust, thus improving the
operating feeling on acting on the actuators 16. The elastomer of the top la{yer 88
operates as anti-slip in case of actuation of the rotation actuators 16.

Since the top layer 88 is integrally fonnegi with the main actuator body portion
86 by two-color molding, the top layer can be positively affixed to the main actuator

body portion 86 to prevent exfoliation on repeated thrusting operations.
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Although the top layer 88 of a flexible material is formed for covering the outer
periphery of the head 86b from the upper side, as shown in Fig.20, the head 86b may
also be formed of an elastomer similar to that of the top layer 88.

The fifth and sixth actuating units 17, 18, provided on the ﬁ'oflt side of the main h
body unit 4, are hereinafter explained.

. As for the fifth and.sixth actuating units 17, 18, the first and sec;md.thrusting
. ag:tuétors 19a, 19b and ZQa, 20_b. ﬁé arranged so that fhe distél Qndé of the ﬁfth and
sixth actuating units 17, 18 are protruded from the front side of the main body unit 4
via paired uppef and lower parallel openings 91 formed in the front sides of the main
| body unit 4. Within the main body unit 4 are provided éwitch elements in association
with the thrusting actuators: 19a, 19b and 20a, 20b. For improving the operating
feeling, the portions of the thrusting actuators 19a, i9b aﬁd 20a contacted by the hand
or finger may similarly be provided with a top layer formed of elastomer.

The actuaﬁng device 1 of the presenf invention is provided with vibration- .
imparting unité 92, 92 for imparting vibfation to the user to realize more vivid play
feeling. These vibrat_ion—impaxting units 92, 92 are provided on the proximal ends of
the first and second grips 5, 6 held by the hand or finger of the user gripping the
actuating device 1, as shown in Fig.21. These vibration-imparting units 92, 92 are
made up of a driving motor 93 driven by driving command signals sent from the main -
body unit of the game machine and an eccentric member 95 mounted on a driving

~ shaft 94 of the driving motor 93. The eccentric member 95 is constituted by a metal
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member of a large weight mass and a semi-circular weight 95a offset relative to the
ﬁttmg hole 96 engaged by the driving shaft 94 and which is offset relative to the fitting
hole 96. The driving motor 93 havmg the eccentric member 95 mounted on the driving
shaft 94 is mounted by baving a motor housmg 98 fitted in a tubular fitting 1|"ec_ess 97
of a rectangular cross-section formed on the inner side of the first grip 5, as shown in
Fig.23.

In the abovefdescribed vibration—imparﬁng units 92, 92, the dnvmg motor 93
1s actuafed to nm the eccentric member 95 in rotatioﬁ so that the driving mc;tor 931s
vibrated. The lvibrations of the driving motor. 93 are transmitted via a peripheral wall
section 97a of the fitting recess 97 to the first grip 5 to transmit -the vibrations to the
hand or finger holding the grip 5. |

It is noted that the driving mofors 93 of the \;ibration—irnparting units 92, 92
differ in power rating so that, when the.vibration-imparting units 92, 92 are driven by
a constant driving voltage, the driving motors differ in rotational speeds such that the

| eccentric members 95 are rotated at differential speeds to produce vibrations of
different frequencies.

The actuating device 1 of the game machine according to the present invention
1s connected to the main body unit 4 of the game machine as shown in Fig.24.

The actuating device 1 is connected to the main body unit of the game machine
101 via a connection cord 102 pulled out from a mid portion on the front side of the

main body unit 4. The connection cord 102 has an end connector 103 which is
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connected to a jack 104 provided on a lateral surface of the main body umt 101 to

connect the actuating device 1 to the main body unit of the game machine 101.

It is noted that the main body unit of the game machine 101 has plural jacks 104
to enable connection thereof to plural actuating devices 1. |

_The main body unit of the game machine 101 has, enclosed therein, a-disc
driving unit 105 for reproducing an optical disc having a game program'recorded :
the;eqn,_ and a pi'cture- procgésing device for displaying Fhe display cha;‘acte_:r, z}l'o__ng.
with the background picture, on the screen of the television receiver in accordance
with the game program recorded on the optical disc. The main body unit of the game
machine 101 also has a reset switch 106 for resetting the game l?éing exe’cﬁted, a
powe-r switch 107 and a lid openipg button 109 for opening a lid 108 adapted for
opening/closing the disc loading unit 6f the disc driving unit 105.

The main body unit of the game machine 101 is connected to a television
receiver as a display device for displaying the display character along with the
backgrdund picture.

In the above-described actuating device 1 for the game machine according to
the present invention, the first to sixth actuating units 9, 12, 14, 15, 17 and 18 can be
actuated usihg up to a maximum of 10 ﬁngeré, as the first and second grips 5, 6 are
held with both hands. The actuating device 1 caﬁ also be actuated using only one of
the first and second grips 5, 6.

That is, by suitably actuating the first to sixth actuating units 9, 12, 14; 15, 17,

I ————
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it is possible to perform operations not only of translating the display character, but of

rotating the display character or moving it with an accelerated motion ig order to cope
with the game of a three-dimensional spatial picture. Moreover, since vibrations can

. be imparted to the user, the game can be executed with a vivid play feeling.
Therefore, using the actuating device 1 for the game machine according to the-
present invention the display characte_r can perforrh complex movements to execute
.a gérhe pro gram wi_th:a _vivid play.fe,el_ing. Itis possible, tjor é?c_amplé, to .realiz'e @ gaine'
in which -an aircraft or a submarine performs a complex movement .throﬁgh a three-

dimensional space for play performance along three axes of movements.
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WATSCLAEDTS: T
1. An actuating device for a game machine comprising:
first and second grips protruded from one side of each end of a main body unit
of the device;
 a first actuating unit provided on one end of the main body unit and having a
- plurality of thrusting actuators protrudiflg to an upper surface side of the main body
| umt and a pluralit'y_ of . signal in:put- eigment; thrust .by said _thrustihg a_ctugtofs ;

a second actuating unit provided on the other 'enc.l_ of the main b;)dy unit and
having a plurality of thrusting actuétors protruding to an upper surface side of the main
body unit and a plurality of signal input elements thrust by said thrustir{g actuators;

and |

| third and fourth actuating units drranged facing each other on the ﬁoxﬁnal ends
of said first and second grips and adapted for being actuated by said thrusting
actuators; |

said thrusting actuators each having a main actuator body portion of synthetic

resin connected to the associated actuating unit and a top portion of a flexible material
having a swollen-out end face portion, said top portion being integrally formed with
said main actuator body portion.
2. The actuating device for a game machine according to claim 1 wherein the main

actuator body portion and the top portion are formed by two-color molding.

3. The actuating device for a game machine according to claim 1 wherein the upper
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surfaces of the thrusting actuators are integrally formed with top portions of a flexible

material.

4. The actuating device for a game machine according to claim 1 wherein vibration-
imparting units each including a driving motor and an eccqntri,c mgmber mounted on
a driving shaft of the driving motor.

5. The actuating device for a game machine aécording to claim 1 wherein the
' vibraﬁon—itinpar_ting_ units providéd in the first é:qd séc'o.nd gﬁps are of diffe'rent._

vibration-imparting configurations.

* [ L M S *



33
ACTUATING DEVICE FOR GAME MACHINE

ABSTRACT

‘An actuating device for a game machine in which the hand of.ﬁnger is not
fatigued on prolonged use to.impart an optimum use feeling. There are provided first
and second grips 5, 6 having enclosed vibration-imparting units 92 and Which are
proj ecte(:1 -ﬁ'o.m one gi&é_s of the end porﬁgng of a main body unit 4.A first actuating _ '
unit 9 and a se'co'nd actuating unit 12 are mounted én one and the other ends of the
main body unit 4. The first and second actuating units 9, 12 include plural thrusting
actuators 8, 11 protruded dn the upper surface side of the main body unit 4. There are
also provided third and fourth ac;fuating units 14, 15 arranged facing each other on the
proximal ends of the first and second grips 5, 6. The third and fourth actuating units
14, 15 include rotation actuators 16 and signal iﬁput elements actuated by the rotation
actuators 16. The portions of the rotdtion actﬁators 16 for actuating the third and. |
foﬁrth éctuating units 14, 15 are provided with top po-rtioné 88 of a flexible material

having swollen-out distal end portions. -

Figure 1
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a driving éhaﬁ;of the motor. The vibration-imparting unit has different vibration-
imparting statés to realize a more vivid play feeling in executing a game.

In the actuating device for the game machine according to the present invention,
since the top poﬁion of the rotation actuator for entering a command signal m
executing the game program, contacted by the hand or finger of the usex is formed of
a flexible material and is swollen out at its distal lend, optimum contact feeling may

be realized to improve the use feeling.
Since the main actuator body portion and the top portion making up the rotation
actuator is formed by two-color molding, the main actuator body portion and the top

portion can be positively unified to each other to assure high operational reliability of

the actuating unit.
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BRIEF DESCRIPTION OF THE DRAWINZ}S

Fig.1 is a perspective view showing an actﬁaﬁng device for a game machine,

Fig.2 is a plan view showing the actuating device shown in Fig.1.

Fig.3 is a back-side view thercof.

Fig'.é is front view thereof.

FigSisa ﬁght;hand side view thereof.

Fig.6 is a left-hand side view thereof.

Fig.7 is a perspective view showing the use state thereof.

Fig.8 is a side view showing the state of using the actuating device for the game
machine mounted n a mounting surface. -

Fig.9is a perspective view showing essential portions of a first actuating unit.

Fig.10 is a partial cross-sectional view showing the first actuating unit,

Fig.11 is a cross-sectional showing the state in which first to fourth thrusting
actuators of the first actuating unit.

Fig.12 is a cross-sectional view showing the state in which a second actuator of
the first actuating unit is being thrust.

Fig.13 is a cross-sectional view showing the state in which a second actuator of
the first actuating unit has been thrust.

Fig.14 is an exploded perspective view showing a multi-directional input device

constituting third and fourth actuating units.
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8
Fig.15 is a cross-sectional view showing the multi-directional input device in an

initial state of the actuating shaft

Fig.16 is a cross-sectional view showing the multi-directional input device on
rotational actuation of the actuating shaft.

Fi'g: 17 is a perspective view of the multi-directional input device for illustrating
the state of actuating # thrusting actuating type switch element, with a portion thereof
being broken away.

Fig.18 i.s a perspective view of the multi-directional input device for illustrating
the actuated state of the thrusting actuating type switch element, w?th a porﬁdn thereof
being broken away.

Fig.19 is a side view showing a rotary actuating member used in the first and
second actuating units.

Fig.20 is a longitudinal cross-sectional view of the rotary actuating member,

Fig.21 is a bottom view for illustrating the state in which a vibration imparting
mechanism is provided in first and second grips.

Fig.22 is an exploded perspective view showing the vibration imparting
mechanism.

Fig.23 is a perspective view showing the state in which the vibration imparting
mechanism has been assembled m a main body unit of the device.

Fig.24 is a plan view showing the statc in which the actuating device for the

game machine has been connected to a main body unit of the game machine.
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DESCRIPTION- OF THE PREFERRED EMBODIMENTS

Referring to the drawings, an actuating device for a game machine according
to the present invention will be explained in detail.

The actuating device for the game machine is connected to 2 main body unit of
the game machine having enclosed tﬁerein a disc driving unit for reproducing an
optical disc as a recording medium cafrying a recorded game program and a picture
processing device for displaying a display character along with the background on a

screen of the television receiver in accordance with a game program recorded on the
optical disc.

An actuating c-ievice 1 for the game machine according to the present invention
includes a main body unit 4 made up of an upper half 2 and a lower half 3 abutted and
connected to each other by fasteners, such as set screws, as shown _in Fig.l. From one
side of ends of the main body unit 4 are protruded a first grip 5 and a second grip 6
which are held by left and right palms when the device 1 is connected to the main body

unit of the game machine for executing the game. There first and second grips 5, 6 are
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© 10
protruded towards the lower side of the main body unit 4 as they are flared and spaced
apart from each other towards their distal ends, as shown in Figs.2 to 4. For enabling
prolonged gripping of the first and second grips 5, 6, these grips are tapered from the
connecting sides to the main body unit 4 towards the distal ends, while being arcuately

contoured in peripheral surfaces and at the distal ends, as shown in‘Figs.Z, 5 and 6.

On one end of the main body unit 4 is provided a first actuating unit 9, having
first to fourth thrusting actuators 8a, 8b, 8c, 8d protruded on the upper surface side of
the main body unit 4, as shown in Figs.1 and 2. The first to fourth thrusting actuators
8a to 8d making up the first actuating unit 9 are formed as-one with a rotary actuating
member 10 having its center portion supported for rotation and are arrayed in mutually
perpendicular directions about the ceriter of rotation of the rotary actuating member
10. That is, the first actuating unit 9 is provided with switch elements as signal
inputting elements in association with the first to fourth thrusting actuators 8a to 8d.
The first actuating unit 9, operating as a direction command controller for controlling
the movement of the display character. By selectively thrusting the first to fourth
thrusting actuators 8a to 8d to turn the switches associated with these thrusting
actuators 8a to 8d on and off, the display character is moved in the arraying direction
of t-he thrustingly actuated thrusting actuators 8a to 8d.

On the opposite side of the main body unit 4 is arranged a second actuating unit

12 having first to fourth thrusting actuators 11a, 11b, 11c, 11d protruded from the
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main body unit 4 and which are arranged in mutually perpendicular directions, as
shown in Figs.1 and 2. These first to fourth thrusting actuators 11a to 11d are formed
as independent members and signal inputting elements, not shown, are provided in
association with the thrusting actuators 11a to 11d. The second actuating unit 12
operates as a function setting executing unit for setting the ﬁmctio:s of the display
character allocated to the thrusting actuators 11a to 11d or executing the functions
owned by the display character by turning the switches associated with the first to
fourth thrusting actuators 11ato 11d on and off. |

The actuating device 1 according to the present invention includes third and
fourth actuators 14, 15 mounted facing each other on the corners of the proximal ends
qf the first and second grips 5, 6 connecting to the main body unit 4, as shown in
Figs.l and 2. These third and fourth actuators 14, 15 are provided with a rotation
actuator 16 rotatable through 360° about an actuating shaft as center and a signal
inputting element, such as a variable resistance element, actuated by this rotation
actuator 16. -Spéciﬁcally, the rotation actuator 16 ié mounted at the distal end of an
actuating shaft, mounted under the bias of a biasing member for restoration thereof to
a neutral position, and is rotated through 360° about the éenter_ of rotation of the
actuating shaft as the center of rotation. These third and fourth actuators 14, 15 are
used an actuating unit which, by rotating the rotation actuator 16, issues a command
signal for realizing analog movements, such as rotating and simultaneously moving the

display character, moving the display character with a variable speed, or varying its
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12
configurations.

On left and right side ends on the front side of the main body unit 4 opposite to
its back side provided with the first and second grips 5, 6 are arranged fifth and sixth
actuating units 17, 18. These fifth and sixth actuating units 17, 18 are provided with
first and second thrusting actuators 19a, 19b and 20a, 20b, respecti:/‘;ly, as shown in
Fig.4. These thrusting actuators 19a, 19b and 20a, 20b are provided with associated
switching elements. The fifth and sixth actuating units 17, 18 operate as function
setting executing units for setting the functions of the display character allocated to the
thrusting actuators 19a, 19b and 20a, 20b or executing the functions owned by the
display character by turning on switches, not shown, associated with the first and
second thrusting actuators 19a, 19b and 20a, 20b. |

Between the first actuating unit™d and the second actuating unit 12 on the upper
surface of the main body unit 4, there are provided, side-by-side, a start switch 22 for
commanding the start of a game and a selection switch 23 for selecting relative facility
or difficulty when starting a game, as shown in Figs.1 and 2. On the other hand, there
are provided, between the third actuating unit 14 and the fourth actuating unit 15 on
the upper surface of the main body unit 4, a mode selection switch 24 for selecting the
operating mode of the third_and fourth actuating units_ 14, 15 and a display unit 25 for
displaying the state of the operating modes of the third and fourth actuating units 14,
15. The display unit 25 is constituted by a light emitting element, such as LED. By the

changeover operation of the mode selection switch 24, an operating mode enabling the
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inputting of a command signal from the third and fourth actuating units 14, 15 or an
operating mode inhibiting the inputtiﬁg of the command signal from the third and
fourth actuating units 14, 15 is selected, while the command signal from the third and
fourth actuating units 14, 15 is enabled to be entered and the operating mode is
sele;:ted which has made a switching between the function of the first to fourth
thrusting actuators 11a to 11d of the second actuating unit 12 and the function of the
first and second thrusting actuators 19a, 19b and 20a, 20b of the fifth and sixth
actuating units 17, 18. The display unit 25 is turned on and off depending on the state
of these operating modes, while switching is made of the display light.

On the lower side of the main body unit 4 are formed engagement recesses 26,
27 in which portions of hands or fingers Rf, Lf are engaged when the first grip 5 and
the second grip 6 are gripped by the hiands or fingers Rf, Lf, as shown in Figs.5 to 8.
These engagement recesses 26, 27 are formed as smoothly curved reentrant recesses,
as shown in Figs.5 and 6.

On the front side of the main body unit 4 are formed depending finger supports
28,29, m associatiqn with the engagement recesses 26, 27, as shown in Figs.5 and 6.
Specifically, these finger suppérts 28,29 are protuberantly formed from the lower ends
of protrusion-s 31, 32 on both ends on the front surface of the main body unit 4 where
the fifth and sixth actuating units 17, 18 are formed.

In the actuating- device of the present invention, in which the first and second

grips 5, 6 are protuberantly provided on the main body unit 4, as described above,
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these first and second grips 5, 6 are held in a wrapping fashion by both palms of the
hands, as shown in Fig.7, so that there is no necessity of holding the main body unit
4 by fingers, such that the actuating device 1 an be held in a state in which up to a
maximum of ten and at least six fingers can be moved freely. If, for example, the first
and second grips 5, 6 are held in a wrapping fashion by both palrn:of the hands, as
shown 1n Fig.7, thumb fingers Rfl, Lfl of both hands can be exténded over the
rotation actuators 16 of the third and fourth actuating units 14, 15, over the first to
fourth thrusting actuators 8a to 8& of the first actuating unit 9 and over the first to
fourth thrusting actuators 11ato 11d of the second actuating unit 12 to permit selective
thrusting of the rotation actuators 16 and the thrusting actuators 8a to 8d and 11a to
11d. In particular, since the rotation actuators 16 of the third and fourth actuating units

14, 15 are arranged facing each other on the proximal ends of the
first and second grips 5, 6 corresponding to the connecting portions to the main body
| unit 4, the rotation actuators 16 aré closest to the thumb fingers Rf1, Lfl of both hands
wheg the first and second grips 5, 6 are gripped by the hands, so that the rotation

actuators 16 can be f:asily rotated by both thumb fingers Rf1, Lfl.
Also, when the first and second grips 5, 6 are gripped in a wrapping fashion by
both palms of the hands, as s;hown in Fig.7, index fingers Rf2, Lf2 and middle fingers
Rf3, Lf3 of both hands can be extended to such positions as to enable selective

thrusting of the first and second thrusting actuators 19a, 19b, 20a, 20b of the fifth and

sixth actuating units 17, 18.
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When the actuating device 1 is gripped by hands or fingers, finger supports 28,

29 can be held as the first and second grips 5, 6 are wrapped in the palms of the hands,
while fourth fingers Rf4, Lf4 of both hands and/or little fingers Rf5, Lf5 are engaged
in the engagement recesses 26, 27, so that the main body unit 4 can‘be held at fixed
positions relative to the fingers of the hands of the user. That is, the ﬁngérs can be
correctly positioned in association with the first to sixth actuating units 9, 12, 14, 15,
17 and 18, thus realizing reliable actuation.

The actuating device 1 according to the present invention can also be set ona
planar setting surface S, such as a table, as shown in Fig.8. If the actuating device 1
is set on the setting surface S, with the distal ends of the first and second grips 5, 6 and
those of the finger supports 28, 29 as supports, the actuating surfaces of the first to
fourth thrusting actuators 8a to 8d of the first actuating unit 9, the first to fourth
thrusting actuators 1la to 11d of the second actuating unit 12 and the rotation
actuators 16 of the third and fourth actuating units 14, 15 are substantially parallel to
the setting surface S, as shown in Fig.8. Thus, the actuating device 1 of the present
invention can be set on the planar setting surface S and the hands placed on the setting
surface S, with the first and second grips 5, 6 being supported by the palms to actuate
the first to sixth actuating units 9, 12, 14, 15, 17 and 18.

The first actuating unit 9 of the actuating device 1 according to the present
invention is explained in further detail. Referring to Figs.1, 9 and 10, the first to fourth

thrusting actuators 8a to 8d are protuberantly formed on the rotary actuating member
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10 within the substantially cross-shaped recess 30 on one end side on the upper surface
of the main body unit 4. On the upper and lower and left and right ends of the cross-
shaped recess 30 are provided direction indicators 31a, 31b, 31c, 31d towards the inner
sides of which four apertures 32 are formed in mutually perpéndicular directions for
allowing the first to fourth thrusting actuators 8a to 8d to be protruded from the upper
surface side of the main Body unit 4, respectively. The center area surrounded by these
apertures 32 is formed as a central supporting projection 33 for supporting the center
_portion on the upper surface side of the main body unit 4, as shown in Fig.10. This
central supporting projection 33 is formed as-one with the upper inner surface of the
main body unit 4. The central supporting projection 33 is faced by an elastic member
35 having four movable contacts 34 thrust by the first to fourth thrusting actuators 8a
to 8d. At a center position of the elastic member 35 is held a spherically-shaped
fulcrum member 36, such as a steel ball, adapted for supporting Ithe center on the low
surface side of the rotary actuating member 10. The elastic member 35 is faced by a
circuit substrate 38 including four stationary contacts 37 adapted for being contacted
with and disengageq from the movable contacts 34.

The rotary actuating member 10 constituting the first actuating unit 9 is made
up of a circular-shaped base 39, first to fourth thrusting actuators 8a to 8d formed as- |
one with the upper part of the base 39, a spherically-shaped first recess 41 in the lower
surface of the center portion of the base 39, adapted for engaging in the spherical

surface of a spherically-shaped fulcrum member 36, a spherically-shaped-second
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recess 42 in the upper center surface portion of the base 39 adapted for engaging with

the central supporting projection 33 and a contact guide 43 protuberantly formed on
the lower side of the base 39 for thrusting the back surface of the movable contacts 34
of the elastic member 35, as shown in Figs.9 and 10. The four first to fourth thrusting
actuators 8a to 8d formed as-one with the rotary actuating member l;, are formed on
the upper side of the base 3.9 so that the thrusting actuators 8a to 8d are tapered in a
direction towards an imaginary converging point and so that the thrusting actuators
8a to 8d are increased in thickness in a direction from the center towards the outer
ends, as shown in Fig.9. The thrusting actuators 8a to 8d are protruded via apertures
32 from the upper surface of the main body unit 4, as shown in Fig.9.

The elastic member 35 is sandwiched between a circuit substrate 38 and the
rotary actuating member 10 and is prévided with a number of movable contacts 34,
such as ruber contacts, corresponding to the number of the first fo fourth thrusting
actuators 8a to 8d.

A fulcrum member 36 is spherically-shaped and is arranged at a mid portion of
the rotary actuating member 10 in register with the central supporting projection 33.

The fulcrum member 36 is engaged in a first recess 41 formed at the center of the

rotary actuating member 10.
If the rotary actuating member 10 is arranged on the main body unit 4, the first
to fourth thrusting actuators 8a to 8d are arranged radially, about the central supporting

projection 33 as center, and are progressively increased in height from the imaginary
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converging side ends towards the oppositel outer ends. The result is that, when the
finger is set at the center portion' of tﬁq recess 30 surrounded by the first to fourth
thrusting actuators 8a to 8d, the relative position can be easily discriminated by the
tactile feeling at the end of the finger, due to the step difference between the center
portion and the first to fourth thrusting actuators 8a to 8d, such that',‘ when the finger
end is shifted for switch actuation from the ccﬁter towards the outer side of the recess
30, which of the first to fourth thrusting actuators 8a to 8d is being thrust can be easily
discriminated based solely on the tactile feeling.

The rotary actuating member 10, formed as-one with the first to fourth thrusting
actuators 8a to 8d, are formed by molding a synthetic resin material of a relatively high -
toughness. The result is that the first to fourth thrusting actuators 8a to 8d of increased
toughness are thrust bj the hand or finger such that the operational feeling is not
optimum.

Thus, a top layer 7 formed of a soft flexible material is formed as-one with the
upper surfaces of the first to fourth thrusting actuators 8a to 8d acted on by the hand
or finger, as shown in Figs.10 and 11. The top layer 7 is formed of a material
exhibiting rubber-like elasticity. The top layer 7 is molded in two colors and formed
as-one with the first to fourth thrusting actuators 8a to 8d. The top layer 7 i.;, slightly
swollen out at the mid portion for improving the tactile feeling.

Since the top layer 7 of a soft flexible material is provided on the first to fourth

thrusting actuators 8a to 8d, it is possible to relieve the impact otherwise applied to the
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hand or finger on thrusting actuation thus improving the operational feeling on
actuation with the hand or finger. Since the elastomer of the top layer 7 has large
friction, it operates for inhibiting the slip of the hand or finger on thrusﬁng actuation
of the first to fourth thrusting actuators 8a to 8d.

If, in the above-described first actuating unit 9, noﬁg of th: first to fourth
thrusting actuators 8a to 8d is actuated, the rotary actuating member 10 is uplifted by
the contact guide 43, under the bias of the elastic member 35, as shown in Fig.11, with
the central supporting projection 33 engaging in the sphex_'ically-shaped second recess
42 of the rotary actuating member 10. Simultaneously, the peripheral end of tﬁe
circular-shaped base 39 is retained by the end of the aperture 32, the rotary actuating
member 10 being then retained in an initial position, with the first to fourth thrusting
actuators 8a to 8d being projected to cutside or on the upper surface side of the main
body unit 4.

If, with the first to fourth thrusting actuators 8a to 8d in the initial position, the
third thrusting actuators 8c is thrust in the direction indicated by arrow A or B in
Fig.12, the rotary actuaﬁng member 10 is rot_ated'in the direction indicated by arrow
R1 or towards night in Fig.12. Thus, the third thrusting actuators 8c thrusts the elastic
member 35 downwards. If the third tf;rusting actuators 8¢ is thru:st further, the rotary
actuating member 10 is rotated in the direction indicated by arrow R1 in Fig.13, about

the fulcrum member 36

as the center of rotation, until the movable contacts 34 are contacted with the
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sfationary contécts 37 to establish the electricai connection.

If the thrusting on the third thrusting actuator 8c is relinquished, the first recess
41, kept in spherical surface contact with the fulcrum member 36, is moved away from
the fulcrum member 36, under the bias of the elastic member 35. That is, the third
thrusting actuator 8c is rotated in the direction indicated by arrow‘RZ in Fig.13 to
separate the movable contacts 34 from the stationary contacts 37. If the third thrusting
actuator 8¢ is rotated further in the direction indicated by arrow R2 in Fig.13 until the
central supporting projection 33 is engaged in the second recess 42, the rotary
actuating member 10 is reset to the initial position shown in Fig.11.

On the other hand, if the first thrusting actuators 8a is thrust in the direction
incﬁcated by arrow C in Fig.10 towards the front side of the main body unit 4, the
elastic member 35 is deformed against the force of elasticity. Thus, the first thrusting
actuators 8a is moved in the direction indicated by arrow CinFig.10, as the first recess
41] is rotated on the spherical surface of the fulcrum member 36, so that the movable
contacts 34 are contacted with the stationary contacts 37 by way of switching.

The movable contacts 34 and the stationary contacts 37 make up a switch
element, which is turned on and off by the. contacts 34, 37 being in or out of contact
with each other, in order to permit the inputting of a designating signal of moving the
display character.

Since the operational fulcrum point for the first to fourth thrusting actuators 8a

to 8d of the first actuating unit 9 is constituted by relative engagement between the
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spherically-shaped fulcrum member 36 and the spherically-shaped first recess 41,
relative contact between the spherical surfaces can be exploited to change the stroke
of the rota.ry actuating member 10 to perform the switching operation. In addition,
since the thrusting actuators 8a to and are discretely provided on tﬁe main body unit
4, there is no limitation to the thrusting direction of the first to ?ourth thrustirig
actuators 8a to 8d, so that a smooth omnidirectional switching operation can be
realized, thus improving operability by prevention of sporadic movements, deviation
of the center position or distortion of the rotary actuating member 10.

The second actuating unit 12 of the actuating device 1 of the present invention
is explained in further detail. The second actuatirig unit 12 has a substantially cross-
shaped recess 51 towards the opposite side end on the upper surface of the main body
unit 4, and apertures 52 in upper and I6wer and lest and right endé of the recess 51, as
shown in Figs.1 and 2. The second actuating unit 12 is constituted by first to fourth
 thrusting actuators 11ato 11d arranged on the main body unit 4 so that distal ends of
the thrusting actuators are protruded towards the upper surface side of the main body
unit 4. Within the mgin body unit 4 are arranged switch elements thrust by the first to
fourth thrusting actuators 11ato 11d. These switch elements are turned on and off by
thrusting actuation of the thxustiﬁg actuators 11a to 11d to input command signals of
setting the operational functions or executing the operation of the display character.

On the end faces of the first to fourth thrusting actuators 1la to 11d are

inscribed symbols indicating the functions of the thrusting actuators 11a to 11d, such
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as(, X, O or A. In the present embodiment, the symbols A, O, X and O are affixed
to the first, second, third and fourth thfusting actuators 11ato 11d,
respectively. Specifically, the third and fourth thrusting actuators 11c, 11d, that are
positioned towards the second grip 6 and hence can be acted on easily by the thumb
finger when the second grip 6 is held by hand, are set to enter commax.l-zi sighals “YES”
and *NO” frequently used in prosecuting the game. Thus, marks
*0” and "X corresponding to the commands of “YES” and "NO” are inscribed on
these third and fourth thrusting aemators 11c and 11d. That is, even if the actuating
device 1 is provided with a large numl;»er of actuators, the third and fourth thrusting
actuators 1lc, 11d, used frequently, are located at easg'/-to operated positions, thus
improving operability of the minimur number of the thrusting actuators required in
prosecufion of the game. -

The first to fourth thrusting actuators 11a to 11d may also be designed to
indicate the various functions by different colors. That is, the functions of the thrusting
actuators 11a to 11d may be indicated by respective different colors.

Similarly to the first to fourth thrusting actuators 8a to 8d making up the first
actuating unit 9, the first to fourth thrusting actuators 11a to 11d may be integrally
provided on the upper sides thereof contacted by the hand or ﬁ—nger with a top layer
formed of the elastomer exhibiting rubber-like elasticity. This
top layer is effective to improve contact feeling of hand or finger with the first to

fourth thrusting actuators 11a to 11d and hence the operability of the device:
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The third and fourth actuating units 14, 15 are hereinafter explained. These
third and fourth actuating units 14_, 15 are mounted on substantially cylindrically-
shaped mounting portions 47, 48 at corner portions of the connecting sides of the first
and second grips 5, 6 to the main body unit 4 for facing each other, as shown in Fig.1.

Since the third and fourth actuating units 14, 15 are of the san.lg structure, only
the third actuating unit 14 is hereinafter explained.

The third actuating unit 14 has a multi-directionél input device 50, as shown in
Fig.14. This multi-directional input device 50 has a box-shaped upper ﬁéme 51 and
an arched first interlock type member 51, as shown in Fig.14. The first interlock type
member 51 is rotatably carried by the upper frame 50 by having a warped end portion
52 engaged with a rotary shaft 54 of a first variable resistor 53a operating as a rotary
detector secured to a lateral side 50a of the upper frame 50 and by having a lug 55 of
the opposite side warped end portion 52 loosely fitted in an opening 56 formed in a
lateral side 50b opposite to the lateral side 50a of the frame S0.

At a center position of the upper frame 50 is arranged an actuating shaft 57
having a sauccr-likg operating portion 58 on its lower end and a disc 59 at a mid

portion. Thus disc 59 has an orifice 60. The upper portion of the actuating shaft 57 is

mounted the rotation actuator 16.
Within the upper frame 50 is arranged a second interlock type member 62 for
extending at right angles to the actuating shaft 57. The second interlock type member

62 has a ball 63 at its center and a pair of arms 64a, 64b extending horizontally with
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respect to the ball 63. The ball 63 has a groove extending from its upper side to its

lower side. After the actuating shaft 57 énd the disc 59 are inserted into the gfoove 65,
and the orifice 60 is brought into registration with the hole 66 in the lateral side of the
ball 63, the pin 67 is inserted into the hole 66 and the orifice 67 and the actuating shaft
57 1s mounted on the second interlock type member 62 for rotation aTong the groove
65 with the pin 67 as a supporting shaft.

'fhe second interlock type member 62 is projected outwards from the lateral
side 50d of the upper frame 50 by a rotary shaft 54 of a second variable resistor 53b
secured to the lateral side 50c of the upper frame 50 engaging with the end of the arm
64a and by the end of the opposite side arm 64b fitting in an elongated hole 70 formed
in the lateral side 50d of the upper frame 50. The actuating shaft 57 is .passed through
the groove 71 of the first interlock type member 51 and subsequently projected
outwards via an opening 72 formed in the upper surface of the upper frame 70.

The actuating shaft 57 is supported on a restoration member 73 which has a
saucer-like operating member 58 rotatably housed in its upper surface side recess 74.

A lower fram_e 75 is mounted on the lower end of the upper frame 50. On the
upper surface of the lower frame 75 is formed a supporting wall section 77
for vettica_lly movably housing a flange 76 of the restoration member 73. Between the
bottom surface of the lower frame 75 and the outer peripheral rim 78 of the restoration
member 73 is housed a restoration spring 79 biasing thé restoration. member 73

upwards. The end of the arm 64b of the second interlock type member 62 is caused
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to compress against the upper edge of the elongated hole 70 in the lateral side 50d of
the upper frame 50. The second interlock type member 62 is rotatably mounted on the
upper frame 50 in a direction perpendicular to the first interlock type member 51
below the first interlock type member 51.

On the lateral side 50d of the upper frame 50 is mounted a tl;r‘uﬂ type switch
element 80 which 1s changed over by thrusting the spring-biased thrusting actuators
81 against spring bias. The thrusting actuators 81 faces the eﬁd 82 of the arm 64b of
the second interlock type member 62. This end 82 is projected in the same direction
as a mounting leg 83 provided on the lower edge of the upper frame 50 and terminals
84 of the first and second variable resistors 53a, 53b.

The operating state of the multi-directional input device 50 is hereinafter
explained. -

If the user holds the rotation actuators 16 and rotates the actuating shaft 57 in
an optional direction, the actuating shaft 57 is rotated about the point of intersection
of the second interlock type member 62 with the pin 67 as the center of rotation. With
rotation of the actugting shaft 57, the first interlock type member 51 and the second
interlock type member 62 run in rotation. The rotary shafts of the first and second
variable resistors 53a, 53b are also run n rotation to adjust resistance values.

The operation for automatic restoration of the aétuating shaft 57 is hereina'ft;:r

explained.

During the neutral state in which the actuating shaft 57 is not actuated, the

_
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actuating shaft 57 is set upright from the opening 72 in the upper surface of the upper

frame 50, with the bottom surface of the bperaﬁng member 58 compressing against the
inner bottom surface of the restoration member 73 by the restoration spring 79.

If the actuating shaft 57 is tilted clockwise from this state as shown in Fig.16,
the flange 85 having an arcuate - portion the radius of curvatare of which is
progressively increased towards outside of the operating member 58 thrusts the
restoration member 73 downwards along the supporting wall section 77 of the lower
frame 75 against the elasticity of the restoration spring 79. If the operating pressure
on the actuating shaft 57 is relinquished, the neutral state shown in Fig. 15 is restored,
that is the actuating shaft 57 is restored to its upstanding state, under the boas of the
restoration spring 79.

The operation of the switch elefnent 80 is explained with reference to Figs.17
and 18.

The actuating shaft 57 in the non-operative state is at a position shown in
Fig.17, in which the end of the arm 64b of the second interlock type member 62 is
spaced apart from thc tﬁrusting actuators 81 of the switch element 80 and the end of
the arm 64b compresses against the upper edge of the elongated opening 70 of the
lateral surface 50d of the upper frame 50. If the actuating shaft 57 is thrust-downwards
from this state, the end of the arm 64b of the second interlock type member 62 1s
moved downwards, along the elongated hole 70, against thie bias of the restoration

spring 79, with the engagement point of the arm 64a with the rotary shaft 54 of the
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first variable resistor 53a as a fulcrum point, until the end of the arm 64b is retained
by the lower edge of the elongated opening 70 operating as a stop. At this time, the end
of the arm 64b thrusts the thrusting actuators 81 of the switch element 80 downwards
to change over the state of the switch:element 80. If the actuating shaft 57 ceases to

be thrust, the end of the arm 64b is restored to the state shown in Fi;17, against the
| recoiling force of the restoration spring 79, with the end of the arm 64b being reset to
the state of Fig.17 in which the end of the arm compresses against the upper edge of
the groove 30. The switch element 80 is in operation even if the thrusting actuators
81 are thrust when the actuating shaft 57 has been rotated in an optional direction.

By rotation of the rotation actuators 16 and consequent actuation of the first and
second variable resistors 53a, 53b, the third and fourth actuating units 14, 15 can issue
the command information of continuotsly moving the display character, rotating and
simultaneously advancing the display character or changing its line of sight.

It 1s noted that the rotation actuators 16 for actuating the third and fourth
actuating units 14, 15 are provided with a main actuator body portion 86 mounted on
the distal end of the actuating shaft 57, as shown in Figs.19 and 20. The main actuator
body portion 86 is molded integrally from a synthetic resin material of higher
touglmcs; to inhibit deformation. —The main actuator body portion 86 has a shank
portion 86a on the distal end of which an ellipsoidally-shaped head 86b is
protuberantly formed and on the proximal end of which a tubular fitting projection 86¢

is formed so as to serve for mounting the actuating shaft 57. There is bored a fitting
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hole 86d extending from the fitting proj;action 86¢ to the mid portion of the shank
portion 86a and in which is fitted the éétuating shaft 57. On the outer rim of the
proximal end of the shank portion 86a is protuberantly formed a semi-spherically-
shaped flange 86e. When the rotation actuators 16 are fitted on the actuating shaft 57,
. the flange 86e fits in an opening 87 formed in the main body unit 4 t6 permit rotation
of the rotation actuators 16 in order to cover the opening 87 and in order to guide the
rdtation of the rotation actuators 16, as shown in Figs.1 and 2.

On the upper surface side of the head 86b, contacted by the hand 01; finger, there
is integrally formed a top layer 88 formed of a flexible matenial, as shown in Figs.19
and 20. The material of the top layer 88 may be an elastomer exhibiting rubber-like
elasticity. The top layer 88 is formed by two-color molding on the head 86b of the
main actuator body portion 86. The upper surface side of the top layer 88 is arcuately
formed towards above for improving the tactile feeling.

With the rotation actuators 16, having the top layer 88 of a flexible material on
its portion touched by hand or finger, it is possible to reduce the impact otherwise
applied to the han@ orb finger when the actuators are thrust, thus improviné the
operating feeling on acting on the actuators 16. The elastomer of the top léyer 88
operates as anti-slip in case of actuation of the rotation actuators 16.

Since the top layer 88 is integrally formed with the main actuator body portion
86 by two-color molding, the top layer can be positively affixed to the main actuator

body portion 86 to prevent exfoliation on repeated thrusting operations.

"l

This is the replacerant sheet

pate: 11 DEC 1998



29

Although the top layer 88 of a flexible material is formed for covering the outer
periphery of the head 86b from the upper side, as shown m Fig.20, the head 86b may
also be formed of an elastomer similar to that of the top layer 88.

The fifth and sixth actuating units -17, 18, provided on the front side of the main
body unit 4, are hereinafter explained. =

As for the fifth and sixth actuating units 17, 18, the first and second thrusting
actuators 19a, 19b and 20a, 20b are arranged so that the distal ends of the fifth and
sixth actuating units 17, 18 are protruded from the front side of the main body unit 4
via baired upper and lower parallel openings 91 formed in the front sides of the main
body unit 4. Within the main body unit 4 arelprovided switch elements in association
with the thrusting actuators 19a, 19b and 20a, 20b. For improving the operating -
feeling, the portions of the thrusting actuators 19a, 19b and 20a contacted by the hand
or finger may similarly be provided with a top layer formed of elastomer.

The actuating device 1 of the present invention is provided with vibration-
imparting units 92, 92 for imparting vibration to the user to realize more vivid play
feeling. These vibrat.ion-irﬁparting units 92, 92 are provided on the proximal ends of
the first and second grips 5, 6 held by the hand or finger of the user gripping the
actuating device 1, as shown in Fig.21. These vibration-imparting units 92, 92 are
made up of a driving mofor 93 driven by driving éommand signals sent from the main
body unit of the game machine and an eccentric member 95 mounted on a driving

shaft 94 of the driving motor 93. The eccentric member 95 is constituted by a metal
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member of a large weight mass and a semi-circular weight 95a offset relative to the
faitting hole 96 engaged by the driving shaft 94 and which is offset relative to the fitting
hole 96. The driving motor 93 having the eccentric member 95 mounted on the driving
shaft 94 is mounted by having a motc;r housing 98 fitted in a tubular fitting recess 97
of a rectangular cross-section formed on the inner side of the first grip 5, as shown in
Fig.23.

In the above-described vibration-imparting units 92, 92, the driving motor 93
is actuated to run the eccentric member 95 in rotation so that the driving motor 93 is
vibrated. The vibrations of the driving motor 93 are transmitted via a peripheral wall
section 97a of the 'ﬁtting'recess 97 to the first grip 5 to transmit the vibrations to the
hand or finger holding the grip 5.

It is noted that the driving mofors 93 of the vibration-imparting units 92, 92
differ in power rating so that, when the vibration-imparting units 92, 92 are driven by
a constant driving voltage, the driving motors differ in rotational speeds such that the
eccentric members 95 are rotated at differential speeds to produce vibrations of
different frequencies. |

The actuating device 1 of the game machine according to the present invention
is connected to the main body unit-4 of the game machine as ;hown in Fig.24.

The actuating device 1 is connected to the main body unit of the game machine
101 via a connection cord 102 pulled out from a mid portion on the front side of the

main body unit 4. The connection cord 102 has an end connector 103 ‘which 1s

"l

This is the replacemént sheet

t 1 DEC 1998

Date:



31
connected to a jack 104 provided oﬁ a lateral surface of the main body unit 101 to
connect the actuating device 1 to the méin body unit of the game machine 101.

It is noted that the main body unit of the game machine 101 has plural jacks 104
to enable connection thereof to plural actuating devices 1.

The main body unit of the game machine 101 has, enqlose&‘ therein, a disc
driving unit 105 for reproducing an optical disc having a game program recorded
thereon, and a picture processing device for displayi_ng the display character, along
with the background picture, on the screen of the television receiver in accordance
with the game program recorded on the optical disc. The main body unit of the game
machine 101 also has a reset switch 106 for resetting the game being executed, a
power switch 107 and a lid opening button 109 for opening a lid 108 adapted for
opening/closing the disc loading unit 6f the disc driving unit 105.

The main body uﬁit of the game machine 101 is connected to a television
receiver as a display device for displaying the display character along with the
background picture.

In the above—c_iescribed actuating device 1 for the game machine according to
the present invention, the first to sixth actuating units 9, 12, 14, 15, 17 and 18 can be
actuated using up to a-maximum of 10 fingers, as the first and second grips 5, 6 are
held with both hands. The actuating device 1 can also be actuated using only one of

the first and second grips $, 6.

That is, by suitably actuating the first to sixth actuating units 9, 12, 14; 15, 17,
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it is possible to perform 6perations not only of translating the display character, but of

rotating the display character or moving .it with an accelerated motion in order to cope
with the game of a three-dimensional spatial picture. Moreover, since vibrations can
be imparted to the user, the game can be executed with a vivid play feeling.
Therefore, using the actuating device 1 for the game machine 'a‘ccording to the
present invention the display character can perform complex movements to execute
é game program with a vivid play feeling. Itis possible, for example, to realize a game
in which an aircraft or a submarine performs a complex movement through a three-

dimensional space for play performance along three axes of movements.
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first and second grips protruded from one side of each end of a main body unit

? [
WHAT IS CLAIMED IS:

1. An actuating device for a game machine comprising:

of the device;

a first actuating unit provided on one end of the main body uﬁt and having a i
plurality of thrusting actuators protruding to an upper surface side of the main body
unit and a plurality of signal input elements thrust by said thrusting actuators;

a second actuating unit provided on the other end of the main body unit and
having a plurality of thrusting actuators protruding to an upper surface side of the main
body unit and a plurality of signal input elements thrust by said thrusting actuators;
and

third and fourth actuating units drranged facing each other on the proximal ends
of said first and second grips and adapted for being actuated by said thrusting
actuators; -

said thrusting actuators each having a main actuator body portion of synthetic
resin connected to the associated actuating unit and a top portion of a flexible matenial

having a swollen-out end face portion, said top portion being integrally formed with

said main actuator body portion.
2. The actuating device for a game machine according to claim 1 wherein the main
actuator body portion and the top portion are formed by two-color molding.

3. The actuating device for a game machine according to claim 1 wherein the upper
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surfaces of the thrusting actuators are integrally formed with top portions of a flexible

material.

4. The actuating device for a game machine according to claim 1 wherein vibration-
imparting units each including a dnvmg motor and an eccentric member mounted on
a driving shaft of the driving motor. ‘ =

5. The actuating device for a game machine according to claim 1 wherein the
vibration-imparting units provided in the first and second grips are of different

vibration-imparting conﬁgurationé.
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ACTUATING DEVICE FOR GAME MACHINE
ABSTRACT

An actuating device for a game machine in which the-hand or.finger is not
fatigued on prolonged use to impart an optimum use feeling. There ate provided first
and second grips 5, 6 having enclosed vibration-imparting units 92 and which are
projected from one sides of the end portions of a main body ﬁnit 4, A first actuating
unit 9 and a second actuating unit 12 are mounted c;n one and the other ends of the
main body unit 4. The first and second actuating units 9, 12 include plural thrusting
actuators 8, 11 protruded on the upper surface side of the main body unit 4. There are
also provided third and fouﬁh ac_;tuating units 14, 15 arranged facing each other on the
proximal ends of the first and second grips 5, 6. The third and fourth actuating units
14, 15 include rotation actuators 16 and signal input elements actuated by the rotation
actuators 16. The portions of the rotition actuators. 16 for actuating the third and
fourth actuating units 14, 15 are provided with top portions 88 of a flexible material
. having swollen-out distal end portions. -

Figure 1
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TITLE OF THE INVENTION
Actuating‘ Device for Game Machine
BACKGROUND OF THE INVENTION
Field of the invention
This invention relates to an actuating device used in a game machine employing
a display unit of, for example, a television receiver. More particularly, it relates to an

actuating device for a game machine having an actuating portion for controlling

various operations, such as those of rotating a display character on a display screen,

continuously changing the movement speed or deforming the display character.

Description of the Related Art

Conventionally, a game machine employing a television receiver has a main

" body unit of the game machine, connected to a television receiver used as a display

device, and an actuating device for controlling a display character connected via a

connectilon cable to the main body unit of tﬁe game machine and which is displayed

. on the display screen of the television receiver.

The main bod_y unit of the game machine has, enclosed therein, a disc driving
portion for reproducing an optical disc as a recording medium carrying a game
program and a picture processing device for displaying on the screen of the television
receiver a display character along with the background picture in accordance with a

game program recorded on the optical disc.

On the actuating device, connected to the main body unit of the game machine,
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a command signal of moving the display character in the direction along which is
arrayed the switch tuned on, so that it is not possible to give the command
information of rotating and simultaneously advancing the display character or
changing-its line of sight. The result is that it becomes difficult to construct the game
program employing the display character performing diversified operations.

On the other hand, since switches constituting the direction command actuating'
unit simply is turned on and off by actuation of the direction command actuator to give
the command information controlling the movement of the display character, the
movement of the display character becomes intermittent such that a series of
continuous movements cannot be executed.

There has been proposed an actuating device having an actuating unit which
renders it possible to input a command signal for moving and simultaneously rotating
the display character, moving the display character as its speed is varied or changing
its configurations.

.This type of the actuating device is described in the Japanese Laying-open
Publication H-7-882_52.

There is provided in an actuator adapted to be thrust and simultaneously rotated
in the actuating unit adapted for rotating a display character or changing its
configuration. This type of the actuator is gripped or thrust by hand or finger.

The actuator for actuating the direction command actuator is also thrust by

being thrust by hand or finger.
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The actuator of the actuating device for the game machine is frequently acted
on during execution of the game program. Moreover, the actuating unit is used for
prolonged time. |
SUMMARY OF THE INVENTION

It 1s therefore an object of the present invention to provide an actuating unit for
the game machine which can give an optimum operating feeling to the actuation of the.
actuator acted on frequently.

It is another object of the present invention to provide an actuating unit for the
game machine in which the user is not fatigued in hand, finger or even on prolonged
use of the unit.

It is still another object of the présent invention to provide an actuating device
for a game machine which affords an agreeable use feeling and which is high in
reliability.

It is yet another object of the present invention to provide an actuating device
for a game machine which enables the game to be executed with highly vivid play
feeling. |

-For accomplishing the above objects, an actuating device for a game machine
includes first and second grips protrudéd from one side of each end of the main body
unit of the device. On one and the opposite ends of the main body unit are provided
first and second actuating units. Each of the first and second actuating units is

provided with plural thrusting actuators projected to the upper surface side of the main
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body unit and with plural signal input elements thrust by these thrusting actuators.

The actuating device also includes third and fourth actuating units arranged
facing each other on the proximal ends of the first and second grips and which are
provided with signal input terminals actuated by the thrusting actuators. These third
and fourth actuating units can be actuated by thumb fingers of both hands of the user
holding the first and second grips.

The third and fourth actuating units including the signal input .terminals
actuated by the rotation actuators input to the main body unit of the device command
signals :enable; rotation and translation simultaneoﬁsly of the display character
displayed on the screen, movement of the display character with varying speed or
change of the configuration. |

In the present actuating device for the game machine, each rotation actuator
includes a main actuator body portion of a synthetic resin connected to an associafed
actuating unit and a top portion of a flexible material swollen-out at its distal end and
which is formed as one with the main actuator body portion. Since the top portion
contacted with the h@nd or finger has its distal end swollen-out and is formed of a
flexible material, an optimum contact feeling can be realized to improve use feeling.

There is enclosed in the actuating device of the present invention a vibration-
imparting unit which imparts vibrations to the user during operation to execute a game
with a vivid play feeling. This vibration-imparting unit is provided in the first and

second grips and is made up of a driving motor and an eccentric member mounted on
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a driving shaft of the motor. The vibration-imparting unit has different vibration-
imparting states to realize a more vivid play feeling in executing a game.

Iﬁ the actuating device for the game machine according to the present invention,
since the top portion of the rotation actuator for entering a command signal in
executing the game program, contacted by the hand or finger of the user, is formed of
a flexible material and is swollen out at its distal end, optimum contact feeling may
be realized to improve the use feeling.

Since the main actuator body portion and the top portion m?khlg up the rotation
actuator is formed by two-color molding, the main actuator body portion and the top

portion can be positively unified to each other to assure high operational reliability of

the actuating unit.
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BRIEF DESCRIPTION OF THE DRAWIN7GS

Fig.1 is a perspective view showing an actuating device for a game machine,

Fig.2 is a plan view showing the actuating device shown in Fig.1.

Fig.3 is a back-side view thereof.

Fié.f.& is front view thereof.

Fig.5 is a right-hand side view thereof. |

Fig.6 is a left-hand side view thereof.

Fig.7 is a perspective view showing the use state thereof.

Fig.8 is a side view showing the state of using the actuating device for the game
machine mounted in a mounting surface.

Fig.9is a perspective view showing essential portions of a first actuating unit.

Fig.10 is & partial cross-sectional view showing the first actuating unit.

Fig.11 is a cross-sectional showing the state of first to fourth thrusting
actuators of the first actuating unit.

Fig.12 is a cross-sectional view showing the state in which a second actuator of
the first actuating unit is being thrust.

Fig.131isa cross-sec_ﬁonal view showing the state in which a second actuator of
the first actuating unit has been thrust.

Fig.14 is an exploded perspective view showing a multi-directional input device

constituting third and fourth actuating units.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to the drawings, an actuating device for a game machine according
to the present invention will be explained in detail.

The actuating device for the game machine is connected to a main body unit of
the game machine having enclosed therein a disc driving unit for reproducing an
optical disc as a recording medium cafrying a recorded game program and a picture
processing device for displaying a display character along with the background on a
screen of the television receiver in accordance with a game program recorded on the
optical disc.

An actuating c_levice 1 for the game machine according to the present invention
includes a main body unit 4 made up of an upper half 2 and a lower half 3 abutted and
connected to each other by fasteners, such as set screws, as shown in Fig.1. From one
side of ends of the main body unit 4 are protruded a first grip 5 and a second grip 6
which are held by left and right palms when the device 1 is connected to the main body

unit of the game machine for executing the game. The first and second grips 5, 6 are
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protruded towards the lower side of the main body unit 4 as they are flared and spaced
apart from each other towards their distal ends, as shown in Figs.2 to 4. For enabling
prolonged gripping of the first and second grips 5, 6, these grips are tapered from the
connecting sides to the main body unit 4 towards the distal ends, while being arcuately

contoured in peripheral surfaces and at the distal ends, as shown in Figs.2, 5 and 6.

On one end of the main bod3-r unit 4 is provided a first actuating unit 9, having
first to fourth thrusting actuators 8a, 8b, 8¢, 8d protruded on the upper surface side of
the main body unit 4, as shown in Figs.l and 2. The first to fourth thrusting actuators
8a to 8d making up the first actuating unit 9 are formed as one with a rotai'y actuating
member 10 having its center portion supported for rotation and are arrayed in mutually
perpendicular directions about the ceriter of rotation of the rotary actuating member
10. That is, the first actuating unit 9 is provided with switch elements as signal
inputting elements in association with the first to fourth thrusting actuators 8a to 8d.
The first actuating unit 9, operates as a direction command controller for controlling
the movement of the display character. By selectively thrusting the first to fourth
thrusting actuators 8a to 8d to turn the switches associated with these thrusting
actuators 8a to 8d on and off, the display character is moved in the arraying direction
of the actuated thrusting actuators 8a to 8d.

On the opposite side of the main body unit 4 is arranged a second actuating unit

12 having first to fourth thrusting actuators 1la, 11b, 11c, 11d protruded from the
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main body unit 4 and which are arranged in mutually perpendicular directions, as
shown in Figs.] and 2. These first to fourth thrusting actuators 11a to 11d are formed
as independent members and signal inputting elements, not shown, are provided in
association with the thrusting actuators 11a to 11d. The second actuating unit 12
operates as a function setting executing unit for setting the functions of the display
character allocated to the thrusting actuators 11a to 11d or executing the functions
owned by the display character by turning the switches associated with the first to
fourth thrusting actuators 11a to 11d on and off.

The actuating device 1 according to the present invention includes third and
fourth actuators 14, 15 mounted facing each other on the comers of the proximal ends
of the first and second grips 5, 6 connecting to the main body unit 4, as shown in
Figs.1 and 2. These third and fourth actuators 14, 15 are provided with a rotation
actuator 16 rotatable through 360° about a central actuating shaft and a signal
inputting element, such as a variable resistance element, actuated by this rotation
Actuator 16. Specifically, the rotation actuator 16 is mounted at the distal end of an
actuating shaft, mounted under the bias of a biasing member for restoration thereof to
a iléutral position, and is rotated through 360° about the center of the actuating
sh:aft as the center of rotation. These third and fourth actuators 14, 15 use an
actuating unit which, by rotating the rotation actuator 16, issues a command signal
for realizing analog movements, such as rotating and simultaneously moving the

display character, moving the display character with a variable speed, or varying its
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these first and second grips 5, 6 are held in a wrapping fashion by both palms of the
hands, as shown in Fig.7, so that there is no necessity of holding the main quy unit
4 by fingers, such that the actuating device 1 can be held in a state in whichup toa
maximum of ten and at least six fingers can be moved freely. If, for example, the first
and second grips 5, 6 are held in a wrapping fashion by both palms of the hands, as
shown in Fig.7, thumb fingers Rfl, Lfl of both hands can be extended over the
rotation actuators 16 of the third and fourth actuating units 14, 15, over the first to
fourth thrusting actuators 8a to 8d of the first actuating unit 9 and over the first to
fourth thrusting actuators 11ato 1 1d of the second actuating unit 12 to permit selective
thrusting of the rotation actuators 16 and the thrusting actuators 8a to 8d and 11a to
11d. In particular, since the rotation actuators 16 of the third and fourth actuating units
14, 15 are arranged facing each other on the proximal ends of the

first and second grips 5, 6 corresponding to the conneéting portions to the main body
unit 4, the rotation actuators 16 are closest to the thumb fingers Rfl, Lfl of both hands
when the first and second grips 5, 6 are gripped by the hands, so that the rotation
actuators 16 can be easily rotated by both thumb fingers RfI, Lfl.

Also, when the first and second grips 5, 6 are gripped in a wrapping fashion by
both palms of the hands, as shown in Fig.7, index fingers Rf2, Lf2 and middle fingers
Rf3, Lf3 of both hands can be extended to such positions as to enable selective
thrusting of the first and second thrusting actuators 19a, 19b, 20a, 20b of the fifth and

sixth actuating units 17, 18.
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10 within the substantially cross-shaped recess 30 on one end of the upper surface
of the main body unit 4. On the upper and lower and left and right ends of the cross-
shaped recess 30 afc provided direction indicators 31a, 31b, 31¢c, 31d towards the inner
sides of which four apertures 32 are formed in mutually perpendicular directions for
allowing the first to fourth thrusting actuators 8a to 8d to be protruded from the upper
surface side of the main body unit 4, respectively. The center area surrounded by these
apertures 32 is formed as a central supporting projection 33 for supporting the centef
_portion on the upper surface side of the main body unit 4, as shown in Fig.10. This
central supf)'o;'ting projection 33 is formed as one with the_ uppcr inner surface of the
main body unit 4. The central gupporting brojection 33 is faced by an elastic member
35 having four movable contacts 34 thrust by the first to fourth thrusting actuators 8a
to 8d. At a center position of the elé:stic member 35 is held a spherically-shaped
fulcrum member 36, such as a steel ball, adapted for supporting' the center of the
bottom surface side of the rotary actuating member 10. The elastic member 35
confronts a circuit substrate 38 including four stationary contacts 37 adapted to be -

contacted with and disengaged from the movable contacts 34.

The rotary actuatinig member 10 constituting the first actuating unit 9 is made
up of a circular-shaped base 39, first to fourth thrusting actuators 8a to 8d formed as
one with the upper part of the base 39, a spherically-shaped ﬁrslt recess 41 in the bottom
" surface of the center portion of the base 39, adapted for engaging the spherical

surface of a spherically;shapcd fulcrum member 36, a spherically-shaped-second
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recess 42 in the upper center surface portion of the base 39 adapted for engaging with

the central supporting projection 33 and a contact guide 43 protuberantly formed on
the lower side of the base 39 for thrusting the back surface of the movable contacts 34
of the elastic member 35, as shown in Figs.9 and 10. The four thrusting

actuators 8a to 8d formed as one with the rotary actuating member 10, are formed on
the upper side of the base 39 so that the thrusting actuators 8a to 8d are tapered in a
direction towards an imaginary conirerging point and so that the thrusting actuators
8a to 8d are increased in thickness in a direction from the center towards the outer
~ ends, as shown in Fig.9. The thrusting actuators 8ato 8d - - protrude via apertures
32 from the upper surface of the main body unit 4, as shown in Fig.9.

The elastic member 35 is sandwiched between a circuit substrate 38 and the
rotary actuating member 10 and is prévided with a number of movable contacts 34,
such as rubber contacts, corresponding to the number of the first and fourth thrusting
actuators 8a to 8d.

A fulcrum member 36 is spherically-shaped and is arranged at a central portion of
the rotary actuating member 10 in register with the central supporting projection 33.
The fulcrum member 36 is engaged in a first recess 41 formed at the center of the
rotary actuating member 10.

If the rotary actuating member 10 is arranged on the main body unit 4, the first
to fourth thrusting actuators 8a to 8d are arranged radially, about the central supporting

projection 33 as center, and are progressi.vely increased in height from the imaginary
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converging side ends towards the opposite outer ends. The result is that, when the
finger is set at the center portion. of the recess 30 surrounded by the first to fourth
thrusting actuators 8a to 8d, the relative position can be easily discriminated by the
tactile feeling at the end of the finger, due to the step difference between the center
portion and the first to fourth thrusting actuators 8a to 8d, such that, when the finger
end is shifted for switch actuation from the cc.nter towards the outer side of the recess
30, which of the first to fourth thrusting actuators 8a to 8d is being thrust can be easily
discriminated based solely on the tactile feeling. -

The rotary actuating member 10, is formed as one with the first to fourth
thrusting actuators 8a to 8d, by molding a synthetic resin material of a relatively high
toughness. The result is that the first to fourth thrusting actuators 8a to 8d of increased
toughness are thrust by the hand or finger such that the operational feeling is not
optimum.

Thus, a top layer 7 formed of a soft flexible material is formed as one with the
upper surfaces of the first to fourth thrusting actuators 8a to 8d acted on by the hand
or finger, as shown in Figs.10 and 11. The top layer 7 is formed of a material
exhibiting rubber-like elasticity. The top layer 7 is molded in two c;olors and formed
as one with the first to fourth.thrusting actuators 8a to 8d. The top layer 7 is slightly
swollen out at the mid portion for improving the tactile feeling.

Since the top layer 7 of a soft flexible material is provided on the first to fourth

thrusting actuators 8a to 8d, it is possible to relieve the impact otherwise applied to the
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hand or finger on thrusting actuation thus improving the operational feeling on
actuation with the hand or finger. Since the elastomér of the top layer 7 has large
friction, it acts to inhibit slipping of the hand or finger on thrusting actuation of the
first to fourth thrusting actuators 8a to 8d.

If, in the above-described first actuating unit 9, none of the first to fourth
thrusting actuators 8a to 8d is actuated, the rotary actuating member 10 is uplifted by
the contact guide 43, under the bias of the elastic member 35, as shown in Fig.11, with
the central supporting projection 33 engaging in the spherically-shaped second recess

42 of the rotary actuating. member 10. Simultaneously, the peripheral end of tﬁc
circular-shaped base 39 is retained by the ends of the apertures 32, the rotary actuating
member 10 being then retained in an initial position, with the first to fourth thrusting
actuators 8a to 8d being projected to cutside or on the upper surface side of the main
body unit 4.

If, with the first to fourth thrusting actuators 8a to 8d in the initial position, the
third thmsting actuator 8c is thrust in the direction indicated by arrow A or B in
Fig.12, the rotary actuating member 10 is rotated. in the direction indicated by arrow
R1 or towards right in Fig.12. Thus, the third thrusting actuator 8c thrusts- the elastic
member 35 downwards. If the third tﬁrusting actuator ' 8c is thrust further, the rotary
actuating member 10 is rotated in the direction indicated by arrow R1 in Fig.13, about
the fulcrum member 36

as the center of rotation, until the movable contact 34 is contacted with the
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stationary contact 37 beneath it to establish the electrical connection.

If the thrusting on the third thrusting actuator 8c is relinquished, the first recess
41, kept in spherical surface contact with the fulcrum member 36, is moved away from
the fulcrum member 36, under the bias of the elastic member 35. That is, the third
thrusting actuator 8c is rotated in the direction indicated by arrow R2 in Fig.13 to
separate the movable contact 34 from the stationary contact 37.1fthe third thrusting
actuator 8c is rotated further in the direction indicated by arrow R2 in Fig.13 until the
central supporting projection 33 is engaged in the second recess 42, the rotary
actuating member 10 is reset to the initial position shown in Fig.11.

On the other hand, if the first thrusting actuators 8a is thrust in tﬁe direction
indicated by arrow C in Fig.10 towards the front side of the main body unit 4, the
elastic member 35 is deformed against‘tﬁe force of elasticity. Thus, the first thrusting
actuator. 8ais moved in the direction indicated by arrow CinFig.10, as the firstrecess
41 is rotated on the spherical surface of the fulcrum member 36, so that the movable “
contact 34 is contacted with the stationary contact 37 thereunder by way of switching.

The movable contacts 34 and the stationary contacts 37 make up switch
. elements, which are turned on and off by the contacts 34, 37 being in or out of contact
with each other, in order to permit the inputting of a designating signal for moving the
display character.

" Since the operational fulcrum point for the first to fourth thrusting actuators 8a

to 8d of the first actuating unit 9 is constituted by relative engagement between the
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spherically-shaped fulcrum member 36 and the spherically-shaped first recess 41,
relative contact between the spherical surfaces can be exploited to change the stroke
of the rotary actuating member 10 to perform the switching operation. In addition,
| since the thrusting actuators 8a to 8d are discretely provided on the main body unit
4, there is no limitation to the thrusting. direction of the first to fourth thrusting
actuators 8a to 8d, so that a smooth omnidirectional switching operation can be
realized, thus improving operability by prevention of sporadic movements, deviation
of t.ﬁe center position or distortion of the rotary actuating member 10.

The second actuating unit 12 of the actuating device 1 of the present invention
is explained in further detail. The second actuating unit 12 has a substantially cross-
shaped recess 51 towards the opposite side end on the upper surface of the main body
unit 4, and apertures 52 in upper and I6wer and left and right ends of the recess 51, as
shown in Figs.1 and 2. The second actuating unit 12 is constituted by first to fourth
thrusting actuators 11a to 11d arranged on the main body unit 4 so that distal ends of
the thrusting actuators are protruded towards the upper surface side of the main body
unit 4. Within the mgin body unit 4 are arranged switch elements thrust by the first to
fourth thrusting actuators 1lato 11d. These switch elements are tumed on and off by
thrusting actuation of the thrusting actuators 11a to 11d to input command signals for
setting the operational functions or executing the operation of the display character.

On the end faces of the first to fourth thrusting actuators 1la to 11d are .

inscribed symbols indicating the functions of the thrusting actuators 11a to 11d, such
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as (0, X, 0 or A. In the present embodiment, the symbols A, O, X and © are affixed
to the first, second, third and fourth thrusting actuators 11a to 11d,
respectively. Specifically, the third and fourth thrusting actuators 1lc, lld,' that are
positioned towards the second grip 6 and hence can Bc acted on easily by the thumb
finger when the second grip 6 is held by hand, are set to enter command sigﬁals “YES”
and “NO” ﬁ'equeiltly used in prosecuting the game. Thus, marks
“0” and “X” corresponding to the commands of “YES” and "NO” are inscribed on
these third and fourth thrusting actuators 11c and 11d. That is, even if the actuating
device 1 is provided with a large numl.)cr of actuators, the third and fourth thrusting
actuators 11c, 11d, used frequently, are located at easy-to-operate positions, thqs
improving operability of the minimum number of the thrusting actuators required in
prosecuﬁon of the game.

The first to fourth thrusting actuators 11a to 11d may also be designed to
indicate the various functions by different colors. That is, the functions of the thrusting
actuators 11a to 11d may be indicated by respective different colors.

Similarly to tl_lc first to fourth thrusting actuators 8a to 8d making up the first
actuating unit 9, the first to fourth thrusting actuators 11a to 11d may be integrally
provided on the upper sides thereof contacted by the hand or finger with a top layer
formed of an elastomer exhibiting rubber-like elasticity: This .
top layer is effective to improve contact feeling of hand or finger with the first to

fourth thrusting actuators 11a to 11d and hence the operability of the device:
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The third and fourth actuating units 14, 15 are hereinafter explained. These
third and fourth actuating units 14, 15 are mounted on substantially cylindrically-
shaped mounting portions 47, 48 at comer portions of the connecting sides of the first
and second grips 5, 6 to the main body unit 4 for facing each other, as shown in Fig.1.

Since the third and fourth actuating units 14, 15 are of the same structure, only
the third actuating unit 14 is hereinafter explained.

The third actuating unit 14 has a multi-directional input device , as shown in
Fig.14. This multi-directional input device has a box-shaped upper frame 50 and
an arched first interlock type member 51, as shown in Fig.14. The first interlock type
member 51 is rotatably carried by the upper frame 56 by having a warped end portion
52 engaged with a rotary shaft 54 of a first variable resistor 53a operating as a rotary
detector secured to a lateral side 50a 6f the upper frame 50 and by having a lug 55 of
the opposite side warped end portion 52 loosely fitted in an opening 56 formed in a
lateral side 50b opposite to the latefél side 50a of the frame 50.

At a center position of the upper frame 50 is arranged an actuating shaft 57
having a sauccr-lik; operating portion 58 on its lower end and a disc 59 at a mid
portion. This disc 59 has an orifice 60. The upper portion of the actuating shaft 57 is
connected to the rotation actuator 16.

Within the upper frame 50 is arranged a second interloc;k type member 62 for
extending at right angles to the actuating shaft 57. The second interlock type member

62 has a ball 63 at its center and a pair of arms 64a, 64b extending horizontally with
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respect to the ball 63. The ball 63 has a groove extending from its upper side to its

lower side. After the actuating shaft 57 and the disc 59 are inserted into the groove 65,
and the orifice 60 is brought into registration with the hole 66 in the lateral side of the
ball 63, the pin 67 is inserted into the hole 66 and the orifice 60 and the actuating shaft
57.is mounted on the second interlock type member 62 for rotation along the groove

65 with the pin 67 as a supporting shaft.

The second interlock type member 62 projects outwards from the lateral side
50c of the upper frame 50. A rotary shaft 54 of a second variable resistor 53b secured
to the lateral side 50c of the upper frame 50 engages with the end of the arm 64a, and
the end of the opposite side arm 64b fits in an elongated hole 70 formed in tﬁe lateral
side 50d of the upper frame 50. The actuating shaft 57 is passed through the groove
81 of the first interlock type member 51 and subsequently projected outwards via an

opening 72 formed in the upper surface of the upper frame 50.
The actuating shaft 57 is supported on a restoration member 73 which has a
saucer-like operating member 58 rotatably housed in its upper surface side recess 74.
A lower fram_e 75 is mounted on the lower end of the upper frame 50. On the
upper surface of the lower frame 75 is formed a supporting wall section 77
for verticz;lly movably housing a ﬂang_e 76 of the restoration member 73. Between the
bottom surface of the lower frame 75 and the outer peripheral rim 78 of the restoration

member 73 is housed a restoration spring 79 biasing the restoration member 73

upwards. The end of the arm 64b of the second interlock type member 62 is caused
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to compress against the upper edge of the elongated hole 70 in the lateral side 50d of
the upper frame 50. The second interlock type member 62 is rotatably mounted on the
upper frame 50 in a direction perpendicular to the first interlock type member 51
below the first interlock type member 51.

On the lateral side 50d of the upper frame 50 is mounted a thrust type switch
element 80 which is changed over by thrusting the spring-biased thrusting actuator
81 against spring bias. The .th.r'usting actuator 81 faces the end 82 of the arm 64b of
the second interlock type member 62. This end 82 is projected in the same direction
as a mounting leg 83 provided on the lower edge of the upper frame 50 and terminals
84 of the first and second variable resistors 53a, 53b.

The operating state of the multi-directional input device 50 is hereinafter
explained.

If the user holds the rotation actuator 16 and rotates the actuating shaft 57 in
an optional direction, the actuating shaft 57 is rotated about the point of intersection
of the second interlock type member 62 with the pin 67 as the center of rotation. With
rotation of the actuating shaft 57, the first interlock type member 51 and the second
interlock type member 62 run in rotation. The rotary shafts of the first and second
variable resistors 53a, 53b are also run -in rotation to adjust resistance values..

The operation for automatic restoration of the actuating shaft 57 is hereinafter
explained.

During the neutral state in which the actuating shaft 57 is not actuated, the
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actuating shaft 57 is set upright from the opening 72 in the upper surface of the upper
frame 50, with the bottom surface of the operating member 58 compressing against the
inner bottom surface of the restoration member 73 by the restoration spring 79.

If the actuating shaft 57 is tilted clockwise from tlus state as shown in Fig. 16,
the flange 85 having an arcuate portion the radius of curvature of which is
progressively increased towards outside of the operating member 58 thrusts the |
restoration member 73 downwards along the supporting wall section 77 of the lower
frame 75 against the elasticity of the restoration spring 79. If the operating pressure
on the actuating shaft 57 is relinquished, the neutral state shown in Fig.15 is restored,
that is the actuating shaft 57 is restored to its upstanding state, under the bias. of the
restoration spring 79.

The operation of the switch elefnent 80 is explained with reference to Figs.17
and 18. |

The actuating shaft 57 in the non-operative state is at a position shown in
Fig.17, in which the end of the arm 64b of the second interlock type member 62 is
spaced apart from the thrusting actuator 81 of the switch element 80 and the end of
the arm 64b compresses against the upper edge of the elongated opening 70 of the
lateral surface 50d of the upper frame 50. [f the actuating shaft 57 is thrust-downwards
from this state, the end of the arm 64b of the second interlock type member 62 is
moved downwards, along the elongated hole 70, against the bias of the restoration

spring 79, with the engagement point of the arm 64a with the rotary shaft 54 of the
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first variable resistor 53b as a fulcrum point, until the end of the arm 64b 1s retained
by the lower edge of the elongated opening 70 operating as a stop. At this time, the end
of the arm 64b thrusts the thrusting actuator 81 of the switch element 80 downwards
to change over the state of the switch element 80. If the actuating shaft 57 ceases to
be thrust, the end of the arm 64b is restored to the state shown in Fig.17, against the
recoiling force of the restoration spring 79, with the end of the arm 64b being reset to
the state of Fig.17 in which the end of the arm compresses against the upper edge of
. the elongated opening 70. The switch element 80 is in operation even if the thrusting
actuator 81 is thrust when the actuating shaft 57 has been rotated in an optional direction.

By rotation of the rotation actuators 16 and consequent actuation of the first and
second variable resistors 53a, 53b, the third and fourth actuating units 14, 15 can issue
the command information of continuotsly moving the display character, rotating and
simultaneously advancing the display character or changing its line of sight.

It is noted that the rotation actuators 16 for actuating the third and fourth
actuating units 14, 15 are provided with a main actuator bédy portion 86 mounted on
the distal end of the actuating shaft 57, as shown in Figs.19 and 20. The main actuator
body portion 86 is molded integrally from a Synthetic resin material of higher
toughness to inhibit deformation. The main actuator body portion 86 has a shank
portion 86a ‘on the distal end of which an ellipsoidally-shaped ‘head 86b is
protuberantly formed and on the proximal end of which a tubular ﬁtﬁng projection 86¢

is formed so as to serve for mounting the actuating shaft 57. There is bored a fitting
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hole 86d extending from the fitting projection 86¢ to the mid portion of the shank

portion 86a and in which is fitted the actuating shaft 57. On the outer rim of the
proximal end of the shank portion 86a is protube_rantly formed a semi-spherically-
shaped flange 86e. When the rotation actuators 16 are fitted on the actuating shaft 57,

- the flange 86e fits in an opening 87 formed in the main body unit 4 to permit rotation
of the rotation actuators 16 in order to cover the opening 87 and in order to guide the
rotation of the rotation actuators 16, as shown in Figs.1 and 2.

On the upper surface side of the head 86b, contacted by the hand 01; finger, there
is integrally formed a top layer 88 formed of a flexible material, as shown in Figs.19
and 20. The material of the top layer 88 may be an elastomer exhibiting rubber-like
elasticity. The top layer 88 is formed by two-color molding on the head 86b of the
main actuator body portion 86. The upper surface side of the top layer 88 is arcuately
formed towards above for improving the tactile feeling.

With the rotation actuators 16, having the top layer 88 of a flexible material on
its portion touched by hand or finger, it is possible to reduce the impact otherwise
applied to the hand or finger when the actuators are thrust, thus improving the
operating feeling on acting on the actuators 16. The elastomer of the top layer 88
operates as anti-slip in case of actuation of the rotation actuators 16.

Since the top layer 88 is integrally formed wifh the main actuator body portion
86 by two-color molding, the top layer can be positively affixed to the main actuator

body portion 86 to prevent separation on repeated thrusting operations.
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Although the top layer 88 of a flexible material is formed for covering the outer
periphery of the head 86b from the upper side, as shown in Fig.20, the head 86b may
also be formed of an elastomer similar to that of the top layer 88.

The fifth and sixth actuating units 17, 18, provided on the front side of the main
body unit 4, are hereinafter explained.

As for the fifth é.nd.sixth actuating units 17, 18, the first and second thrusting
actuators 19a, 19b and 20a, 20b are arranged so that the distal ends of the fifth and
sixth actuating units 17, 18 are protruded from the front side of the main body unit 4
via paired upper and lower parallel openings 91 formed in the front sides of the main
body unit 4. Within the main body unit 4 are provided switch elements in aésociation
with the thrusting actuators 19a, 19b and 20a, 20b. For improving the operating
feeling, the portions of the thrusting actuators 19a, 19b and 20a, 20b contacted by the
hand or finger may similarly be provided with a top layer formed of elastomer.

The actuating device 1 of the present invention is provided with vibration-
imparting units 92, 92 f_or imparting vibration to the user to realize more vivid play
feeling. These vibration-imparting units 92, 92 are provided on the proximal ends of
the first and second grips 5, 6 held by the hand or finger of the user gripping the
actuating device 1, as shown in Fig.21. These vibration-imparting units 92, 92 are
made up of a driving motor 93 driven by driving command signals sent from the main
body unut of the game machine and an eccentric member 95 mounted on a driving

shaft 94 of the driving motor 93. The eccentric member 95 is constituted by -a metal
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member of a large weight mass and a semi-circular Weight 95a offset relative to the
fitting hole 96 engaged by the driving shaft 94. The driving motor 93 having the
eccentric member 95 mounted on the driving shaft 94 is mounted by having a motor
housing 98 fitted in a tubular fitting recess 97 of a rectangular cross-section formed on

the inner side of the first grip 5, as shown in Fig. 23.

In the above-described vibration-imparting units 92, 92, the driving motor 93
is actuated to run the eccentric member 95 in rotation so that the driving motor 93 is
vibrated. The vibrations of the driving motor 93 are transmitted via a peripheral wall
section 97a of the fitting recess 97 to the first grip 5 to transmit the vibrations to the
hand or finger holding the grip 5.

It is noted that the driving mofors 93 of the vibration-imparting units 92, 92
differ in power rating so that, when the vibration-imparting units 92, 92 are driven by
a constant driving voltage, the driving motors differ in rotational speeds such that the
eccentric members 95 are rotated at differential speeds to produce vibrations of
different frequencies.

The actuating device 1 of the game machine according to the present invention
is connected to the main body unit 4 of the game machine as shown in Fig.24.

The actuating device 1 is connected to the main body unit of the game machine
101 via a connection cord 102 pulled out from a mid portion on the front side of the

main body unit 4. The connection cord 102 has an end connector 103 which is
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connected to a jack 104 provided on a lateral surface of the main body unit 101 to
connect the actuating device 1 to the main body unit of the game machine 101.

It is noted that the main body unit of the game machine 101 has plural jacks 104
to enable connection thereof to plural actuating devices 1.

The main body unit of the game machine 101 has, enclosed therein, a disc
driving unit 105 for reproducing an optical disc having a game program recorded
thereon, and a picture processing device for displaying the display character, along
with the background picture, on the screen of the television receiver in accordance
with the game program recorded on the optical disc. The main body unit of the game
machine 101 also has a reset switch 106 for resetting t;m game being executed, a
powe.r switch 107 and a lid opening button 109 for opening a lid 108 adapted for
opening/closing the disc loading unit 6f the disc driving unit 105.

The main body unit of the game machine 101 is connected to a television
receiver as a display device for displaying the display character along with the
background picture. |

In the above-c_:lescribed actuating device 1 for the game machine according to
the present invention, the first to sixth actuating units 9, 12, 14, 15, 17 and 18 can be
actuated using up to a maximum of 10 fingers, as the first and second grips 5, 6 are
held with both hands. The actuating device 1 can also be actuated using only one of

the first and second grips 5, 6.

That is, by suitably actuating the first to sixth actuating units 9, 12,14,15,17and 18
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CLAIMS

1. An actuating device for a game machine, comprising:

a main body unit having first and second sides and an upper surface;

first and second grips protruding at spaced positions from the first side of the |
main body unit;

a first actuating unit mounted in the main body unit adjacent one of the spaced
positions, the first actuating unit having a plurality of first thrusting actuators
protruding from the upper surface of the main body unit and a plurality of signal input
elements each for generating a signal when a corresponding one of the second
thrusting actuators is depressed; and

a second actuating unit mounted in the main body unit adjacent the other one
of the spaced positions, the second actuating unit having a plurality of second
thrusting actuators protruding from the upper surface of the main body unit a plurality
of signal input elements each for generating a signal when a corresponding one of the
second thrusting actuators is depressed; and

third and fourth actuating units mounted to the main body unit adjacent the
. spaced positions and in confronting relationship to one another, the third and fourth
actuating units each having a rotation actuator and at least one signal input element for
generating a signal in response to an operation of the corresponding rotation actuator;

the rotation actuators eaéh having a main actuator body made of a synthetic
resin and a top portion formed on the main actuator body and made of a flexible

material which is softer than the synthetic resin.
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2. The actuating device according to claim 1, wherein each of the
thrusting actuators has a top portion made of the flexible material.

3. The actuating device according to claim 1, wherein the top portion of
the rotation actuator is made of an elastomer.

4. The actuating device according to claim 1, wherein the top portion of
the rotation actuator is integrally formed with the main actuator body.

5. The actuating device according to claim 4, wherein the main actuator
body and the top portign are formed by two-color molding.

6. The actuating device according to claim 1, wherein the top portion of
the rotation actuator has an outwardly bulging external surface.

7. The actuating device according to claim 1, further comprising
vibration-imparting units housed in the first and second grips.

8. The actuating device according to claim 7, wherein each of the
vibration imparting units includes a driving motor and an eccentric member mounted
on a driving shaft of the driving motor.

9. The actuating device according to claim 8, wherein the vibration-
imparting units are of different viBration—imparting configurations.

10.  The actuating device according to claim 7, wherein the vibration-
imparting units produce vibration states which are glifferent from one another.

11.  The actuating device according to claim 7, wherein the vibration-

imparting units produce vibration frequencies which are different from one another.

LT L ———
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12.  An actuating device for a game macliine,_comprising:

a main body having first and second sides and an upper surface;

first and second grips protruding from the first side of the main body at both
ends thereof; and

an actuating unit provided in the main body and having an actuator protruding
from the upper surface of the main body and a signal input element for generating a
signal in response to an operation of the actuator,

wherein the actuator has a main actuator body made of a synthetic resin and a
top portion formed on the main actuator body and made of a flexible material which is
softer than the synthetic resin.

13.  The actuating device according to claim 12, wherein the actuator is a
rotation actuator.

14. Thé actuating device according to claim 12, wherein the actuator is a
thrusting actuator.

15.  The actuating device according to claim 12, wherein the top portion of

the actuator is made of an elastomer.

16.  The actuating device according to claim 12, wherein the top portion of
the actuator is integrally formed with the main actuator body thereof.

17.  The actuating device according to claim 16, wherein the main actuator
body and the top portion are formed by two-color molding.

18.  The actuating device according to claim 12, wherein the top portion of

the actuator has an outwardly bulging external surface.
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19.  The actuating device according to claim 12, further comprising
vibration-imparting units housed in the first and second grips.

20. The actuating device according to claim 19, wherein each of the
'vibration-imparting units includes a driving motor and an eccentric member mounted
on a driving shaft of the driving mbtor.

21.  The actuating device according to claim 19, wherein the vibration-
imparting units produce vibration states which are different from one another.

22.  The actuating device according to claim 21, wherein the vibration-

imparting units produce vibration frequencies which are different from one another.
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ACTUATING DEVICE FOR GAME MACHINE
ABSTRACT

An actuating device for a game machine is disclosed in which the hand or
fingers do not fatigue on prolonged use, thereby imparting an optimum feel for the
user. The actuating device has a main body unit and first and second grips projecting
from one side of the main body unit at opposite ends thereof. Vibration-imparting
units are enclosed within the first and second grips. First and second actuating units
are mounted at opposite ends of the main body unit. The first and second actuating
units include plural thrusting actuators which protrude from the upper surface of the
main body unit. Third and fourth actuating units are arranged on the proximal ends of
the first and second grips so as to confront one another. The third and fourth actuating |
units include rotation actuators and signal input elements actuated by the rotation
actuators. The portions of the rotation actuators which actuate the third and fourth
actuating units are provided with top portions of a flexible material having outwardly
bulging distal end portions.
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