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MOTION SIMULATING APPARATUS

CROSS-REFERENCE TO RELATED APPLICATION(S)

[0001] This application claims priority to Taiwan patent application no. 110123470

filed on June 26, 2021.

BACKGROUND

[0002] 1. Field of the Invention

[0003] The present invention relates to motion simulating apparatuses that can carry

at least one occupant and create the feeling of being in a real motion environment.

[0004] 2. Description of the Related Art

[0005] Motion simulators may be typically used as amusement or training
equipment. Generally, a motion simulator includes a plurality of actuators that are
respectively disposed at different locations and along different axes of movements so as
to be able to simulate motions along different axes. Unfortunately, the conventional
motion simulators are usually complex in construction and have relatively high

manufacturing costs.

[0006] Therefore, there is a need for a motion simulating apparatus that can address

at least the aforementioned issues.
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SUMMARY

[0007] The present application describes a motion simulating apparatus that can

address at least the foregoing issues.

[0008] According to one aspect, a motion simulating apparatus described herein
includes a support base, a coupling part, an occupant platform adapted to carry one or
more occupant, and two linear actuators. The coupling part is pivotally connected to the
support base about a first pivot axis. The occupant platform is disposed above the
support base and is pivotally connected to the coupling part about a second pivot axis,
the first pivot axis being substantially orthogonal to the second pivot axis. The two
linear actuators are respectively disposed at two opposite sides of the second pivot axis,
wherein the two linear actuators are respectively connected pivotally to the support base
and are respectively connected pivotally to the occupant platform at the two opposite

sides of the second pivot axis.

[0009] According to another aspect, a motion simulating apparatus described herein
includes a support base, a coupling part, an occupant platform adapted to carry one or
more occupants, and an actuating system. The coupling part is pivotally connected to
the support base about a first pivot axis. The occupant platform is disposed above the
support base and is pivotally connected to the coupling part about a second pivot axis,
the first pivot axis being substantially orthogonal to the second pivot axis. The actuating
system is connected with the occupant platform, and is operable to cause the occupant

platform to rotate about the first pivot axis and the second pivot axis.



10

15

20

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a perspective view illustrating an embodiment of a motion

simulating apparatus;

[0011] FIG. 2 is a side view illustrating the motion simulating apparatus;

[0012] FIG. 3 is an enlarged view illustrating a portion of the motion simulating

apparatus shown in FIG. 2;

[0013] FIG. 4 is a front view illustrating a portion of the motion simulating

apparatus;

[0014] FIG. 5 is a rear view illustrating a portion of the motion simulating apparatus;

and

[0015] FIG. 6 is a perspective view illustrating a bottom portion of the motion

simulating apparatus.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0016] FIG. 1 is a perspective view illustrating an embodiment of a motion
simulating apparatus 100. FIG. 2 is a side view illustrating the motion simulating
apparatus 100. FIG. 3 is an enlarged view illustrating a portion of the motion simulating
apparatus 100 shown in FIG. 2. FIG. 4 is a front view illustrating a portion of the
motion simulating apparatus 100. FIG. 5 is a rear view illustrating a portion of the
motion simulating apparatus 100. FIG. 6 is a perspective view illustrating a bottom
portion of the motion simulating apparatus 100. The motion simulating apparatus 100

can carry occupants or passengers and generate motions in different directions, which is
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suitable for applications such as simulating platforms or amusement equipment.
Referring to FIGS. 1-6, the motion simulating apparatus 100 can include a support base

102, a coupling part 104, an occupant platform 106 and an actuating system 108.

[0017] The support base 102 can extend generally horizontally, and can provide
support for the coupling part 104, the occupant platform 106 and the actuating system
108. According to an example of construction, the support base 102 can include a plate

structure.

[0018] The coupling part 104 is pivotally connected to the support base 102 about a
pivot axis 110, whereby the coupling part 104 can rotate about the pivot axis 110
relative to the support base 102. The pivot axis 110 can be a substantially horizontal
axis. According to an example of construction, the coupling part 104 can include a
frame portion 112, and two extensions 114 fixedly connected with the frame portion
112. The coupling part 104 including the frame portion 112 and the two extensions 114
may be integrally formed as a single part, or may be assembled by attaching the two
extensions 114 to the frame portion 112 via fasteners. The frame portion 112 is adapted
to couple to the occupant platform 106, and the two extensions 114 can protrude at an
underside of the frame portion 112 and respectively connect pivotally to the support
base 102 about the pivot axis 110. According to an example of construction, the frame
portion 112 may be generally shaped as a triangle or an isosceles trapezoid, and the two
extensions 114 can respectively protrude from two corners of the frame portion 112 at
the underside thereof. The support base 102 may further include a support frame 116,
and the coupling part 104 can include two brackets 118 that are respectively connected

with the support frame 116 via two cushioning parts 120. The support frame 116 can be
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exemplarily fixed on the support base 102. Examples of the cushioning parts 120 may
include, without limitation, springs, hydraulic cylinders, pneumatic cylinders, and the

like. The cushioning parts 120 can provide cushioning support for the coupling part 104.

[0019] Referring to FIGS. 1-6, the occupant platform 106 is disposed above the
support base 102, and is adapted to carry one or more occupants. The occupant platform
106 can be pivotally connected to the coupling part 104 about a pivot axis 122, whereby
the occupant platform 106 can rotate about the pivot axis 122 relative to the coupling
part 104 and the support base 102. The pivot axis 110 can be substantially orthogonal to
the pivot axis 122, and can be located at an underside of the pivot axis 122. According
to an example of construction, the occupant platform 106 can include at least one seat
124 and a seat support frame 126. The seat 124 is schematically shown in FIGS. 1 and 2
only, and is omitted in the other views for better illustration of other construction details.
The seat 124 can be fixedly connected with the seat support frame 126, and can include
a seat portion 124A and a backrest portion 124B that define at least partially a seating
space for an occupant. According to an example of construction, the seat support frame
126 can be fixedly connected with a plurality of seats 124 disposed in a row, and an

occupant can sit on any of the seats 124 with the feet hanging above a ground.

[0020] According to an example of construction, the seat support frame 126 can
include one or more support bars and/or one or more plates assembled together. The
seat support frame 126 may be fixedly connected with the backrest portion 124B of
each seat 124, and may be pivotally connected to the coupling part 104 about the pivot
axis 122 at a rear of the seats 124. For example, the seat support frame 126 can be

pivotally connected to the frame portion 112 of the coupling part 104 via a bearing 130
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at a pivot connecting location 128, the bearing 130 defining the pivot axis 122. The
bearing 130 may include, without limitation, a ball bearing, a cylinder bearing, and the
like. According to an example of construction, the bearing 130 can be disposed at a
middle location of the seat support frame 126, and most of the bearing 130 can be
arranged above the support frame 116 and the cushioning parts 120. As shown in FIGS.
1-5, the coupling part 104 and the seat support frame 126 can extend along substantially

parallel planes for a compact assembly.

[0021] The actuating system 108 is connected with the occupant platform 106, and
is operable to drive the occupant platform 106 to rotate about the pivot axes 110 and
122. More specifically, the actuating system 108 can include at least one linear actuator
132 connected with the occupant platform 106, the linear actuator 132 being operable to
drive the occupant platform 106 to rotate relative to the support base 102. The linear
actuator 132 may include, e.g., an electric cylinder. However, it will be appreciated that
the linear actuator 132 may be of any types, which can include, without limitation,

pneumatic cylinders and hydraulic cylinders.

[0022] According to an example of construction, the actuating system 108 can
include two linear actuators 132 that are respectively connected pivotally to the support
base 102 and are respectively connected pivotally to the occupant platform 106 at two
opposite sides of the pivot axis 122. One or both of the two linear actuators 132 may
apply a force on the occupant platform 106 so as to generate a torque adapted to cause
the occupant platform 106 to rotate about the pivot axis 110 and/or the pivot axis 122.
More specifically, the force exerted by the two linear actuators 132 on the occupant

platform 106 may be able to generate a torque about each of the two pivot axes 110 and
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122, and the torque amount may be modified by controlling the course of each of the
two linear actuators 132 to cause the occupant platform 106 to rotate about the pivot

axis 110 and/or the pivot axis 122.

[0023] Referring to FIGS. 1-6, the two linear actuators 132 are respectively
connected pivotally to the occupant platform 106 at two pivot connecting locations 134,
and are respectively connected pivotally to the support base 102 at two pivot connecting
locations 136. The pivot connecting location 128 of the bearing 130 is at a height H1
relative to the support base 102, which can be between a height H2 of the pivot
connecting locations 134 relative to the support base 102 and a height H3 of the pivot
connecting locations 136 relative to the support base 102. According to an example of
construction, the two linear actuators 132 can be symmetrically disposed at two
opposite sides of the pivot axis 122 so that the pivot axis 122 is substantially equidistant
to the two pivot connecting locations 134 and is also substantially equidistant to the two
pivot connecting locations 136. According to an example of construction, each of the
two linear actuators 132 can include a barrel 132A and a sliding rod 132B slidably
connected with each other, the barrel 132A being pivotally connected to the support
base 102 at the pivot connecting location 136, and the sliding rod 132B being pivotally
connected to the occupant platform 106 at the pivot connecting location 134. The barrel
132A can be pivotally connected to a pivot mount 138 that is fixedly connected with the
support base 102, wherein the pivot mount 138 is disposed at a rear of the support frame
116 so that the support frame 116 is located between the coupling part 104 and the pivot
mount 138 along a front-to-rear axis X of the support base 102. Accordingly, the two
linear actuators 132 can be tilted an angle relative to the pivot axis 122. According to a

symmetrical arrangement, the two linear actuators 132 can extend substantially parallel
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to each other between the pivot connecting locations 134 and the pivot connecting

locations 136, and can respectively move along two parallel vertical planes.

[0024] It is worth noting that the two linear actuators 132 are not limited to the
aforementioned arrangement. According to another example of construction, the two
linear actuators 132 may be symmetrically disposed at two opposite sides of the pivot
axis 122 but may not extend parallel to each other between the pivot connecting
locations 134 and the pivot connecting locations 136. More specifically, the two linear
actuators 132 may be disposed so that the pivot axis 122 is substantially equidistant to
the two pivot connecting locations 134 by a first distance, and substantially equidistant
to the two pivot connecting locations 136 by a second distance that differs from the first

distance.

[0025] According to another example of construction, the two linear actuators 132
may be disposed equally distant at two opposite sides of the pivot axis 122 but not
according to a symmetric arrangement, and the occupant platform 106 can be driven to
rotate about the pivot axis 110 and/or the pivot axis 122 by controllably imparting a

differential course between the two linear actuators 132.

[0026] In the actuating system 108, the two linear actuators 132 thus may be
disposed at two opposite sides of the pivot axis 122 according to any suitable symmetric
or asymmetric arrangements for driving the occupant platform 106 to rotate about the

pivot axis 110 and/or the pivot axis 122.

[0027] According to an embodiment, the pivot axis 110 can be a pitch axis, the
pivot axis 122 can be a roll axis, and the two linear actuators 132 are operable to cause

the occupant platform 106 to rotate about the pivot axis 110 and/or to rotate about the
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pivot axis 122 for simulating pitch and/or roll motions. For example, the two linear
actuators 132 can be operated to generate synchronous and identical courses to cause
the occupant platform 106 and the coupling part 104 to pitch up and down about the
pivot axis 110 relative to the support base 102, and the two linear actuators 132 can be
operated to generate different courses to cause the occupant platform 106 to rotate about
the pivot axis 122 to the left and right side relative to the support base 102 and the
coupling part 104. With the arrangement of the support base 102, the coupling part 104
and the occupant platform 106 as described herein, the actuating system 108 can have a
simple construction capable of simulating pitch and roll motions with two linear
actuators 132. Examples of applications for the motion simulating apparatus 100

described herein may include, without limitation, flight simulators.

[0028] It will be appreciated that the actuating system 108 is not limited to the
aforementioned configuration. For example, a variant construction of the actuating
system 108 can include an electric motor, which may be additionally provided in the
actuating system 108 or substitute for one of the two linear actuators 132, wherein the
electric motor is connected with the occupant platform 106 and is operable to drive the

occupant platform 106 to rotate about the pivot axis 122.

[0029] Referring to FIGS. 1-6, the motion simulating apparatus 100 can further
include a bottom part 150 and a motor 152. The bottom part 150 can be disposed below
the support base 102, which can be pivotally connected to the bottom part 150 about a
pivot axis 154. The pivot axis 154 may extend substantially vertically. The motor 152
can be an electric motor, and is operable to drive the support base 102 to rotate about

the pivot axis 154 relative to the bottom part 150. According to an example of
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construction, the motor 152 can be mounted on the support base 102, and can drive the
support base 102 in rotation via a gear train 156. For example, the gear train 156 can
include multiple gears 160 and 162, the gear 160 being fixedly connected with the
bottom part 150, and the gear 162 being connected with an output axle of the motor 152
and meshed with the gear 160. The motor 152 is operable to cause the occupant
platform 106 to rotate about the pivot axis 154. The ability to rotate the occupant
platform 106 about the pivot axis 154 may save space for switching between a loading
position and a watching position. For example, the occupant platform 106 can be rotated
to face one side (loading position) so that occupants can get on and get off the occupant
platform 106, and may be rotated 180 degrees to face another side facing a screen
(watching position) for performing motion simulation after the occupants are seated on
the occupant platform 106. Of course, the occupant platform 106 may also be driven to

rotate about the pivot axis 154 to simulate a yaw motion during operation.

[0030] Advantages of the structures described herein include the ability to provide a
motion simulating apparatus that is relatively simple in construction, and can be
manufactured with reduced cost. Moreover, the motion simulating apparatus described
has a reduced size, which may be particularly suitable for use in environments of

limited space.

[0031] Realizations of the structures have been described only in the context of
particular embodiments. These embodiments are meant to be illustrative and not
limiting. Many variations, modifications, additions, and improvements are possible.
Accordingly, plural instances may be provided for components described herein as a

single instance. Structures and functionality presented as discrete components in the

10



exemplary configurations may be implemented as a combined structure or component.
These and other variations, modifications, additions, and improvements may fall within

the scope of the claims that follow.

11



WHAT IS CLAIMED IS:

1. A motion simulating apparatus comprising:
a support base;
a coupling part, pivotally connected to the support base about a first pivot axis;

5 an occupant platform adapted to carry one or more occupants, the occupant
platform being disposed above the support base and pivotally connected to
the coupling part about a second pivot axis, the first pivot axis being
substantially orthogonal to the second pivot axis; and

two linear actuators respectively disposed at two opposite sides of the second
10 pivot axis, wherein the two linear actuators are respectively connected
pivotally to the support base and are respectively connected pivotally to

the occupant platform at the two opposite sides of the second pivot axis.

2. The motion simulating apparatus according to claim 1, wherein the first pivot

axis is located at an underside of the second pivot axis.

15 3. The motion simulating apparatus according to claim 1 or 2, wherein the two
linear actuators are symmetrically disposed at the two opposite sides of the second pivot

axis.

4. The motion simulating apparatus according to claim 1, 2 or 3, wherein the two
linear actuators are parallel to each other and are respectively connected pivotally to the
20  occupant platform at two pivot connecting locations, the second pivot axis being

substantially equidistant to the two pivot connecting locations.

12



10

15

20

5. The motion simulating apparatus according to any one of claims 1 to 4, wherein

the two linear actuators are tilted an angle relative to the second pivot axis.

6. The motion simulating apparatus according to any one of claims 1 to 5, wherein
the two linear actuators are operable to cause the occupant platform to rotate about the

first pivot axis.

7. The motion simulating apparatus according to any one of claims 1 to 6, wherein
the two linear actuators are operable to cause the occupant platform to rotate about the

second pivot axis.

8. The motion simulating apparatus according to any one of claims 1 to 7, wherein
the two linear actuators are respectively connected pivotally to the occupant platform at
two first pivot connecting locations and are respectively connected pivotally to the
support base at two second pivot connecting locations, and the occupant platform is
pivotally connected to the coupling part at a third pivot connecting location, the third
pivot connecting location being at a height relative to the support base that is between a
height of the two first pivot connecting locations relative to the support base and a

height of the two second pivot connecting locations relative to the support base.

9. The motion simulating apparatus according to any one of claims 1 to 8, wherein
the coupling part includes a frame portion and two extensions, the frame portion being
adapted to couple to the occupant platform, the two extensions protruding at an
underside of the frame portion and being respectively connected pivotally to the support

base about the first pivot axis.

13
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10. The motion simulating apparatus according to any one of claims 1 to 9, wherein
the occupant platform includes at least one of seat, and a seat support frame fixedly
connected with a backrest portion of the at least one of seat, the seat support frame
being pivotally connected to the coupling part about the second pivot axis at a rear of

the at least one seat.

11. The motion simulating apparatus according to any one of claims 1 to 10, further
comprising a bottom part and a motor, the support base being pivotally connected to the
bottom part about a third pivot axis that extends substantially vertically, the motor being
operable to drive the support base to rotate about the third pivot axis relative to the

bottom part.

12. The motion simulating apparatus according to any one of claims 1 to 11,
wherein the support base includes a support frame, and the coupling part includes two
brackets that are respectively connected with the support frame via two cushioning

parts.

13. The motion simulating apparatus according to any one of claims 1 to 12,

wherein the first pivot axis is a pitch axis, and the second pivot axis is a roll axis.

14. A motion simulating apparatus comprising:
a support base;
a coupling part, pivotally connected to the support base about a first pivot axis;
an occupant platform adapted to carry one or more occupants, the occupant
platform being disposed above the support base and pivotally connected to
the coupling part about a second pivot axis, the first pivot axis being

substantially orthogonal to the second pivot axis; and

14
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an actuating system connected with the occupant platform, the actuating system
being operable to cause the occupant platform to rotate about the first pivot

axis and the second pivot axis.

15. The motion simulating apparatus according to claim 14, wherein the first pivot

axis is located at an underside of the second pivot axis.

16. The motion simulating apparatus according to claim 14 or 15, wherein the
actuating system includes at least one linear actuator that is pivotally connected to the
occupant platform at a first pivot connecting location and is pivotally connected to the

support base at a second pivot connecting location.

17. The motion simulating apparatus according to claim 16, wherein the occupant
platform is pivotally connected to the coupling part at a third pivot connecting location,
the third pivot connecting location being at a height relative to the support base that is
between a height of the first pivot connecting location relative to the support base and a

height of the second pivot connecting location relative to the support base.

18. The motion simulating apparatus according to claim 16 or 17, wherein the linear

actuator is tilted an angle relative to the second pivot axis.

19. The motion simulating apparatus according to any one of claims 14 to 18,
further comprising a bottom part and a motor, the support base being pivotally
connected to the bottom part about a third pivot axis that extends substantially
vertically, the motor being operable to drive the support base to rotate about the third

pivot axis relative to the bottom part.

15
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20. The motion simulating apparatus according to any one of claims 14 to 19,
wherein the coupling part includes a frame portion and two extensions, the frame
portion being adapted to couple to the occupant platform, the two extensions protruding
at an underside of the frame portion and being respectively connected pivotally to the

support base about the first pivot axis.

21. The motion simulating apparatus according to any one of claims 14 to 20,
wherein the support base includes a support frame, and the coupling part includes two
brackets that are respectively connected with the support frame via two cushioning

parts.

22. The motion simulating apparatus according to any one of claims 14 to 21,

wherein the first pivot axis is a pitch axis, and the second pivot axis is a roll axis.
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