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Description

Field of the Invention

[0001] The present invention generally relates to mo-
tion simulation such as in amusement rides including
gravity drops, and in particular relates to an elevator sys-
tem with a motion system with at least one degree of
freedom in a vertical (heave) direction, according to the
US 2 229 201 A. This document discloses an amusement
ride including a car for passengers which is movable
along guide rails in a purely vertical direction. It is lifted
to its highest point and then falls free under the influence
of gravity until it is slowed down and comes to a halt in
its lowest position.

Background

[0002] Vertical elevators and vertical ride systems
have played an important role in the development of
amusement rides over many years and at least from early
1990. The systems have typically been powered electri-
cally with cable drives, or by pneumatic systems.
By way of example, one amusement ride referred to as
Tower of Terror includes a simulated elevator drop ride
that opened on July 22, 1994 at Walt Disney World® in
Florida. The attraction at Disney’s Hollywood Studios
simulated a system of The Twilight Zone Tower of Terror
and employs specialized technology including the ability
to move a vehicle in and out of a vertical motion shaft.
Elevator cabs are self-propelled automated ride vehicles
which lock into separate vertical motion cabs that can
move into and out of elevators horizontally, move through
a scene and on to a drop shaft.
[0003] In order to achieve a weightless effect, cables
attached to the bottom of the elevator car pull it down at
acceleration slightly greater than what a free-fall in gravity
would provide. Two relatively large ("enormous") motors
are located at the top of the tower. The motors are 12
feet (3.7 m) tall, 35 feet (11 m) long, and weigh 132,000
pounds (about 65 metric tons). They are able to accel-
erate 10 tons at 15 times the speed of normal elevators.
They generate torque equal to that of 275 Corvette en-
gines and reach top speeds in 1.5 seconds.
[0004] For a drop sequence, the elevator starts its drop
sequence, but rather than a simple gravity-powered drop,
the elevator is pulled downwards with an acceleration
exceeding 1 g, causing riders to rise off their seats, held
down only by a seat belt or by a lapbar. A random pattern
of drops and lifts have been added, where the ride vehicle
will drop or rise various distances at different intervals.
When guests enter the drop shaft, a computer randomly
chooses a drop profile. Each drop sequence features a
faux drop meant to startle the riders, and one complete
drop through the entire tower. After a series of these
drops have been made, the elevator returns to a base-
ment of a decrepit hotel scene.
[0005] Typically, for operators of other tower ride sys-

tems, control has been relatively imprecise and finessing
a desirable motion through refinement and delicacy of
performance and execution has not met expectations.
By way of example, one of the attributes that owners of
such systems would like to have is the ability to drop with
acceleration greater than gravitational acceleration (i.e.
greater than acceleration due to gravity, 1g or 9.81m/s2).
To be able to achieve greater than gravitational acceler-
ation currently requires a closed loop drive system which
significantly increases the complexity, the power require-
ments, the initial costs and the costs of operation and
maintenance. For example, increasing from an acceler-
ation of 8.5 m/s2 with an open loop system to 9.81 m/s2

with a closed loop system, results in roughly doubling the
size of a drive system (motor and gearboxes) and re-
quires an increase in cable mass of around 45%. In the
open loop system, the cabin or platform drops under grav-
ity, but is limited to an acceleration of around 8.5 m/s2

due to frictional resistance (air resistance and mechani-
cal friction) in the system. The maximum downward ac-
celeration that is permitted with a lap bar or seat belt
restraint system required by typical amusement rides is
1.2 g. Therefore, it is desirable to develop an amusement
system or apparatus that is capable of dropping with an
acceleration of up to 1.2 g, but at a desirable cost and
with a desirable lifetime for the cables which form part of
the elevator drive system.
[0006] To date, only the above described Walt Disney
World® elevator drop ride has been able to develop such
a closed loop drive system. Due to the size and the cost
of the drive system and the ownership costs of operating
and maintaining a closed loop drive system, no other
amusement parks have developed such an elevator sys-
tem with higher than gravitational acceleration as it has
been economically unviable.
[0007] There is a need for enabling acceleration in ex-
cess of gravitational acceleration in a cost effective man-
ner. There is further a need for enabling complex heave
motion (up and down motion) without negatively impact-
ing life of elevator systems using closed loop drive cables.
Yet further, a superposition of complex vibrational modes
up to at least 100 Hz is desirable.

Summary

[0008] The invention provides an elevator drop amuse-
ment ride according to claim 1. Embodiments of the
present invention provide motion systems with at least
one degree of freedom in the vertical direction, known
as "heave", together with an open loop elevator cable
drive system. One embodiment provides an elevator with
an open loop cable drive system that drops under grav-
itational acceleration, less any frictional resistance in the
system, with typical maximum drop acceleration in a re-
gion of 8.5 m/s2, representing frictional and other losses
of around 13.4%.
[0009] One embodiment may be described as an ele-
vator dropping motion simulation system comprising an
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elevator platform and a plurality of actuators carried by
the elevator platform. Each of the plurality of actuators
may include a support plate configured to connect with
the elevator platform, a planetary gearbox engaged with
and driven by at least one electric servo motor, and a
drive shaft driven by the servo motor and engaged with
at least one crank. A plurality of connecting rods is each
engaged at a proximal end with one crank of a corre-
sponding one actuator. A frame is attached to the pas-
senger platform, wherein a distal end of each connecting
rod is engaged with the frame. A control system is oper-
able with each electric servo motor of each actuator for
operational control thereof and for providing a simulated
motion including at least one of heave to the frame and
thus to the passenger platform.
[0010] One embodiment of the invention may comprise
a motion system where the heave motion is designed so
that during the drop of a free fall drop of an elevator the
additional downward acceleration is in the range of 1.3
m/s2 to 3.3 m/s2 to provide a total vertical downward ac-
celeration of 9.8 m/s2 to 11.8 m/s2 (i.e. 1.0 g to 1.2 g).
While higher accelerations may be possible, such are
not currently permitted under rules governing accelera-
tions permitted with lap bar or seat belt restraint systems.
However higher accelerations would be permitted with
an "over-the-shoulder" harness system, wherein such re-
straint systems are used on roller coasters that go
through inversions (i.e. go upside down), by way of ex-
ample with acceleration of typically up to 3 g.
[0011] Embodiments of the invention enable acceler-
ations in excess of gravitational acceleration (i.e. >1g) in
cost effective ways that are not possible to date. A com-
plex heave motion (up and down motion) is provided with-
out impacting (reducing) the life of elevator system drive
cables. Superposition of complex vibrational modes up
to at least 100 Hz is achieved. In addition, other motions
are possible through the use of the motion systems such
as roll or pitch with a 2-axis motion system, roll and/or
pitch with a 3-axis motion systems and roll, pitch, surge,
sway and/or yaw with a 6-axis motion system, by way of
examples. Thus, embodiments of the invention may be
used in amusement rides herein described by way of
example, and in professional simulation and training sys-
tems. It would not be possible for known closed loop sys-
tems developed and operated to date to include complex
vibrations up to at least 100 Hz without the use of a sec-
ondary vibration system fitted between the elevator frame
and the cabin, or integrated into the cabin which would
add further cost and complexity.

Brief Description of Drawings

[0012] Embodiments of the invention are described by
way of example with reference to the accompanying
drawings in which:

FIG. 1 is a diagrammatical illustration of an elevator
system including a passenger platform operable for

having an enhanced dropping effect according to the
teachings of the present invention;

FIG. 2 is a perspective view of an actuator used with
various motion systems according to the teachings
of the present invention;

FIGS. 3 and 4 are perspective views illustrating
three-axis motion systems according to the teach-
ings of the present invention, operable with an ele-
vator drop amusement ride, by way of example;

FIG. 5 is a perspective view of a six degree of free-
dom, six-axis motion system, according to the teach-
ings of the present invention, optionally operable with
an elevator drop amusement ride, by way of exam-
ple; and

FIGS. 6 and 7 are partial diagrammatical illustrations
of a three axis motion system operable with open
loop and closed loop elevator cable systems, respec-
tively.

Detailed Description of Embodiments

[0013] Embodiments of the invention will now be de-
scribed more fully hereinafter with reference to the ac-
companying drawings, in which the embodiments are
shown by way of illustration and example. It is to be un-
derstood that the invention may be embodied in many
forms and should not be construed as limited to the em-
bodiments set forth herein. Rather, these embodiments
are provided so that this disclosure will be thorough and
complete, and will fully convey the scope of the invention
to those skilled in the art.
[0014] With reference initially to FIG. 1, one embodi-
ment of the invention is herein described as an elevator
system 10 comprising an elevator platform 12 and a plu-
rality of actuators 14 carried by the elevator platform. As
illustrated with reference to FIG. 2, each actuator 14 in-
cludes a support plate 16, herein configured to be con-
necting with the elevator platform 12. Further, each ac-
tuator 14 includes a planetary gearbox 18 engaged with
and driven by at least one electric servo motor 20, and
a drive shaft 22 driven by the servo motor and engaged
with a crank. A connecting rod 26 has its proximal end
28 engaged with the crank 24.
[0015] In one embodiment, and as illustrated with ref-
erence to FIGS. 3, 4 and 5, the system may be provided
with a variety of axis combinations from one to six axis
systems, by way of example. The system 10 includes a
plurality of actuators 14, with each actuator mounted on
the platform 12, as earlier described with reference to
FIG. 1. As illustrated with reference again to FIGS. 2 and
5, each actuator 14 (herein a single motor/gearbox ac-
tuator assembly) is connected to a section of a frame 30.
As illustrated with reference again to FIG. 1, distal ends
32 of the connecting rods 26 are pivotally attached to the
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frame 30 using upper bearings 34. The frame 30 is con-
figured to be connected to a passenger platform 36.
[0016] With reference again to FIG. 2, each actuator
14 includes a main actuator support 38 having the sup-
port plate 16 connected to the elevator platform 12 and
a vertical stand 40 rising from the support plate 16 to
receive a motor/gearbox assembly 42 including the gear-
box 18 and motor 20. The motor/gearbox assembly 42
includes the electric servomotor 20 connected to the
planetary gearbox 18 which motor/gearbox assembly is
engaged with the drive shaft 22 driven by the motor. The
motor, the gearbox and the drive shaft are provided as
a single unit referred to the "motor/gearbox assembly"
but can be provided as separate components without de-
parting from the teachings of the present invention. The
motor is an electrical servo motor that is controlled by a
control system as will later be described.
[0017] The motor/gearbox assembly 42 is connected
to the crank 24, which is a rigid elongated member having
a face connected perpendicularly to the plane of a lon-
gitudinal axis of the drive shaft 22. The crank 24 receives
a lower spherical bearing 44 for connection to the con-
necting rod 26, or equivalent.
[0018] The elevator system 10 can employ a single
axis, or multi-axis motion system 50 including by way of
example only, one, two, three and six axes. By way of
example, three axis motion systems 50 are illustrated
with reference again to FIGS. 3 and 4, and a six axis
motion system 52 illustrated with reference again to FIG.
5. The motion systems 50, 52 components can be varied
to provide for desired and different configurations. For
example, the number, size and positioning of compo-
nents can be varied such as varying the number of
cranks, connector rods and frame sections. The electric
motors and planetary gear boxes can be provided ac-
cording to the number of axes, or some multiple of the
number of axes. By way of example, the motion system
can be provided with two motors and two gearboxes per
actuator or even up to four motors and four gearboxes
per actuator, as desired to accommodate payload, and
as illustrated with reference again to FIG. 3.
[0019] As illustrated with reference to FIGS. 3, the em-
bodiment herein described includes the actuator 14 in-
cluding a quad motor/gearbox assembly 54 operable with
cranks 24 connected to a common connecting rod 26.
Yet further, an actuator may include a dual motor/gear-
box assembly 56, as illustrated with reference again to
FIG. 4. Such actuators are useful with the 3 DOF motion
systems 50 illustrated with reference to FIGS. 3 and 4,
by way of example. With continued reference to FIG. 3,
the actuator 14 includes a beam 58 to which arm mem-
bers 60 are pivotally connected at their distal ends to the
beam and at their proximal ends to the cranks 24 at distal
ends thereof. Two cranks 24 are paired to be connected
to the arm member 60. Yet further, two dual motor/gear-
box assemblies 56 are themselves paired to form a quad
actuator 14Q. Thus, four motors and four gearboxes drive
the single quad actuator. One connecting rod is provided

per actuator with two spherical bearings per rod, one
bearing at each end of the connecting rod as above dis-
closed. Such a motion system 50 is used in the elevator
system 10 of FIG. 1, illustrated by way of example
[0020] As illustrated with reference again to FIG. 4, the
motion system 50 may be used as an actuator having a
quad gearbox assembly for an actuator having a six mo-
tor/gearbox assembly, which is desirable for relatively
heavy payloads typical in amusement rides. The beam
may be configured as a triangular beam and three dual
motor/gearbox assemblies are operably and pivotally
connected to the triangular beam. Actuator supports 62
may be anchored to the elevator platform 12 for providing
increased stability to the actuator, as illustrated with ref-
erence to FIG. 4.
[0021] With reference again to FIG. 1, the frame 30 is
attached to the passenger platform 36, wherein the con-
necting rods 26 are engaged with the frame. As will come
to the mind of those skilled in the art, the actuators 14
may be attached directly to the passenger platform 36
without deviating from the teachings of the present in-
vention. Further, the passenger platform 36 may be
formed as or part of an enclosed or partially enclosed
elevator cabin 64.
[0022] With reference again to FIG. 1, a control system
100 as described in US Patent Application S/N
14/094,883 is operable with each electric servo motor 20
of each actuator 14 for operational control thereof and
for providing a simulated motion including, by way of ex-
ample, a heaving motion to the frame 30 and thus to the
passenger platform 36, wherein the control system uses
a motion controller and servo drives to generate and con-
trol complex motion profiles, as desired for the simulation
being executed.
[0023] Motion simulation to the elevator may be pro-
vided by various embodiments providing a single and
multiple degrees of freedom. As above described, three
degree of freedom assemblies are provided for the em-
bodiments illustrated with reference to FIGS. 3 and 4, by
way of example. As described for accommodating pay-
load and ride constraints, each actuator 14 may comprise
a single drive motor and gearbox, a double motor and
gearbox or an actuator pair such that each part of the
actuator pair has either a single or a double motor and
gearbox arrangement.
[0024] Further, and as illustrated with reference to Fig.
5, the elevator system 10 may comprise a six-axis motion
system 52 for providing a variety of motions as may be
desirable to create special effects on riders of the eleva-
tor.
[0025] Yet further, and as illustrated with reference to
FIGS. 6 and 7, the elevator systems including motion
system embodiments of the invention may be integrated
with existing elevator systems and include typical devices
such as brakes, of both frictional and/or magnetic types,
and auxiliary components, or auxiliary cabling assem-
blies communicating with the control system. FIGS. 6
and 7 are partial diagrammatical illustrations of a three

5 6 



EP 2 945 715 B1

5

5

10

15

20

25

30

35

40

45

50

55

axis motion system operable with open loop and closed
loop elevator cable systems, respectively.
[0026] As illustrated with reference again to FIG. 3, it
may be desirable to have two actuators (#1, #3) at a rear
portion 66 of the elevator platform 12 and another actu-
ator (#2) located at a front portion 68 depending upon
anticipated weight distribution. Alternatively, the actua-
tors 14 may be located to account for a known load dis-
tribution as desired. By way of example, locations of the
actuators 14 can also be reversed when compared to the
embodiment of FIG. 3, with one at the rear and two at
the front. The choice will typically depend on mass dis-
tribution, center of mass and moments of inertia. For ex-
ample, the Flyboard described in the above cited patent
application has the actuators with one at its back platform
portion and two at the front because the front row of the
amusement ride has more people than the back row and
hence such an arrangement of actuators provides a de-
sirable configuration for the mass, center of mass and
moments of inertia. Further, such an arrangement of the
actuators allows a projector on the Flyboard configuration
to be located under the platform between the two front
actuators and thus efficiently utilizes space in the theatre
which has a resulting cost benefit. Yet further, the rear
actuator may be of a differing size/capacity compared to
the front actuators if necessary to provide a more even
balance with the variable possible distributions of mass,
center of mass and moments of inertia and thus a better
balance between the static and dynamic loads between
the actuators.
[0027] As above described, the motion system 50 il-
lustrated with reference again to FIG. 3 may be employed
with an elevator drive system 70 such as in an open loop
or closed loop system illustrated in FIGS. 6 and 7, where-
in the passenger platform assembly illustrated in FIG. 1
and the enclosed elevator cart/cabin is not shown for
clarity. As understood by those of skill in the art, the el-
evator platform 12 is typically a rigid assembly which sup-
ports the motion system 50, the passenger platform 36
and the enclosed elevator cabin 64. As above described,
the passenger platform 36 is mounted to the frame 30 of
the motion system 50. The enclosed elevator cart/cabin
64 is mounted to the passenger platform 36, wherein the
mounting arrangement may be permanent or temporary,
as in well-known elevator drop rides to enable the en-
closed elevator cabin to move onto and off the passenger
platform. In the case of the temporary arrangement, fixing
the system would include locks and sensors to ensure
the cabin 64 is in position and locked before any move-
ment of the elevator is permitted. Similarly, at the end of
a ride cycle, the passenger platform 36 is aligned and
locked before the cabin 64 is unlocked to enable the
transfer of the passenger platform. The elevator platform
12 may be either cantilevered from a cable drive system,
or it may be supported by cable drives at or close to its
four corners, by way of example.
[0028] By way of example, and with reference to FIG.
6, the elevator platform 12 and the motion system 50 may

be integrated into an open loop cable drive elevator sys-
tem 70, which has been found to reduce typical costs
and complexity. A DC motor and cable drum assembly
72 drive a cable 74 operable with the elevator platform
12 using a balanced beam, by way of non-limiting exam-
ple. A braking system 76 operable with the platform 12
comprises movable brakes 78, which may include friction
brakes or magnetic eddy current brakes, by way of ex-
ample. Emergency brakes 78 are also employed as part
of the elevator system.
[0029] One embodiment of the elevator system 10 in-
cludes the elevator platform 12 and the motion system
50 integrated into a closed loop cable drive elevator sys-
tem 80, by way of further example. The system comprises
two relatively very large motors 82, and optionally four
motors, and large relative to those of the open loop sys-
tem of FIG. 6, by way of example as in the above de-
scribed system employed at Disney’s Hollywood Studios
for the simulation system of The Twilight Zone Tower of
Terror. The cable 84 in such a closed loop system 80
requires sheaves and tensioning devices 86. As the sys-
tem is closed loop, the cable scheme is doubled on both
sides as the cable has to return up to motor and drum
drive drum 88. Typically with the closed loop system 80,
twelve sheaves (six per side) and four cable tensioning
devices 86 (two per side) are required. While typically
more complex and demanding, the closed loop system
80 is compatible with embodiments of the invention.
[0030] By way of example in achieving a complex
heave motion such as a desired up and down motion of
an elevator without adversely affecting the life of elevator
system drive cables, one control system is such that the
drop of the motion system 50 is accurately synchronized
with the elevator drive system 70, 80.
[0031] The control system is operable with each elec-
tric servo motor of each actuator for operational control
thereof and for providing a simulated motion in at least
one vertical axis to the frame and thus to the passenger
platform. The control system includes a washout filter
module for transforming input forces and rotational move-
ments with forces that are below the level or human per-
ception. Further, the control system provides high data
update rates coupled with advanced real time, and dy-
namically responsive motion control algorithms for pro-
viding desirably smooth and accurate simulator for ena-
bling absolute synchronization with the cable drive sys-
tem.
[0032] By way of example, the control system 100 may
be operable with optionally, one, two, three or six degree
of freedom motion systems that may enable full 360 de-
gree rotations of the actuators for utilizing a full heave
stroke of the actuators. The motion systems can directly
superimpose vibrations of up to at least 100 Hz. One
embodiment of the control system includes a washout
filter module used to transform input forces and rotations
of the platform into positions and rotations of the motion
platform with forces that are below the level or human
perception. This washout filter is an implementation of a
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classical washout filter algorithm with improvements in-
cluding a forward speed based input signal shaping, extra
injected position and rotation, extra injected cabin
roll/pitch (for a 3-axis system) and
roll/pitch/yaw/surge/sway (for a 6-axis system) by way of
examples), and rotation center offset from the motion
platform center when in the neutral position. The washout
filter has two main streams including high frequency ac-
celerations and rotations (short term and washed out),
and low frequency accelerations (a gravity vector) and
is more fully described in US Patent Application S/N
14/094,883.
[0033] As above described with reference to FIG. 1,
the control system 100 is programmed to send signals
to the electric motors 20 to drive the actuators 14 to and
through desired positions. For example, the control sys-
tem 100 may send signals to vary the speed of the electric
motors and to move the actuator elements into a desired
position by moving the crank through a path of rotation
and the connector rod through one or more paths in and
across multiple axis of rotation.
[0034] As above illustrated, embodiments may utilize
a single axis, or multi-axis systems including by way of
example, one, two, three and six axes. Four and five axes
of motion can be achieved by constraining the motion of
the relevant axes in a 6-axis motion system. The motion
system components can be varied to provide different
configurations or to provide different applications with the
same axis structure. The number, size and positioning
of components can be varied such as varying the number
of crank arms and connecting rods and planes which they
rotate and work. Electric motors and planetary gear box-
es may be provided according to the number of axes, or
some multiple of the number of axes. As above illustrated
with reference to FIGS. 3 and 4, embodiments may be
provided with two motors and two gearboxes per actuator
or even up to four motors and gearboxes per actuator.
Connecting rods typically are provided one per actuator
with two spherical bearings per actuator, one bearing at
each end of the connecting rod. The actuators move in
synchronized manner to create motion in a desired di-
rection for providing a heaving effect, by way of example.
One feature to further enhance the above described sys-
tem includes the motion system actuators rotatable
through 360° (thus movable through a complete circle).
This is achieved with the three (3) degree of freedom
system and allows more of the vertical motion to be uti-
lized as the motion system actuators do not need to de-
celerate at the ends of their stroke (unlike a ball-screw,
or hydraulic motion systems). Embodiments may there-
fore comprise the control system operable with one, two,
three or six degree of freedom motion systems that en-
able full 360 degree rotations of the actuators for utilizing
a full heave stroke of the actuators.
[0035] By way of example, the components above de-
scribed, such as the actuators, work through all levels of
axis systems including 1- axis, 2- axis, 3- axis and 6- axis
systems. The frame of the motion systems provides for

variable configurations which can be used for different
simulator applications. For example, in a flight simulator,
the cranks 40 and the connector rods 58 can be adjusted
to configure the system 10 for different aircraft types. The
flexibility of configuration is enabled by changing the
cranks 40 and/or the connector rods 58 by having ad-
justable cranks and connector rods, or may easily be
replaced with cranks and/or connector rods of different
lengths or geometries. This flexibility is provided by the
ability of the control system to be programed for different
configurations and to control the movement of the actu-
ators and platform. Such a variable system has not been
accomplished to date. Embodiments of the present in-
vention provide improvements over known systems
which are geometrically fixed and cannot be adapted to
suit varying geometric configurations.
[0036] The compactness of the motion systems, herein
presented by way of example, enables components of
the system to be desirably packaged on a single base
as herein described for an amusement ride employing
the three axis motion system 50. The more demanding
flight simulation systems can effectively use the six axis
system 52. The load carrying capability of the systems
herein described by way of example goes beyond what
is currently possible with known electrical motion sys-
tems, and goes beyond the largest known hydraulic sys-
tem. The performance of the systems herein described
goes beyond what is possible with current leading edge
electrical systems which are of the ball-screw type limited
in fidelity by the mechanical configuration.
[0037] By way of example with reference again to the
3 DOF system, each pair of motors is synchronized in a
position mode. Typical systems were configured with one
motor controlled by position and the second motor con-
trolled through torque matching (or current following). As
a result of the teachings of the present invention, embod-
iments of the present invention provide an absolute po-
sitioning of the synchronized motors. By way of contrast,
typical torque matching techniques (or current following
methods) do not take into account variations in produc-
tion within and between the motor/gearbox assemblies.
The motors can be controlled to synchronize their posi-
tion on an absolute position of rotation. For example, if
motor pairs are used, the two motors can be controlled
to adjust one motor to match the position of the other
motor. With reference again to the embodiments of FIGS.
3 and 4, by way of example, each actuator 14 has the
motors 20 in a motor pair running in opposite directions.
This applies to any multi axis system using dual mo-
tor/gearbox assemblies Synchronization is achieved via
multiple virtual axes and electronic gearing, with an in-
ternal correction. This enables the nesting of effects de-
scribed above.
[0038] The ability to synchronize the motor pairs within
the actuator 14 allows for the systems 50 to handle higher
payloads. Payloads of at least 20 tonnes for six axis sys-
tems employing a single motor per actuator, and at least
one and one half times this payload when employing mo-

9 10 



EP 2 945 715 B1

7

5

10

15

20

25

30

35

40

45

50

55

tor pairs, are achievable. It should be noted that while
each actuator can run with one pair or two pairs of mo-
tor/gearbox assemblies, systems can also operate with
a single motor/gearbox assembly. The number and con-
figuration of the motor/gearbox assemblies is primarily
determined by the load and acceleration requirements.
[0039] The embodiments of the systems herein de-
scribed operate with reduced power consumption as it
can operate as a regenerative power system. This is en-
abled by the use of servos connected to a common DC
Bus which is fed via the DC Regenerative Power Supplies
and reactors. The regenerative power works by using
decelerating drives feeding power to accelerating drives,
hence reducing overall power intake. The system regen-
erates power throughout the whole ride cycle whenever
a drive is in a decelerating mode, regardless of whether
it is going up or down. This new teaching minimizes the
overall power consumption. During motion where net de-
celeration is greater than net accelerations plus losses,
energy may be shared with other actuators cooperating
therewith, or stored locally in a capacitor arrangement or
returned to the grid (utility supply) at the correct phase,
voltage and frequency. This approach has eliminated the
need for breaking resistors and all excess energy can be
returned to the grid (utility supply). This results in the
minimal use of power. Power consumption has been
found to be less than one half the power consumption of
a traditional ball-screw system with a counterbalance
which may be pneumatic, less than 1/3 of the power con-
sumption of the ball-screw system without a counter bal-
ance system, and less than 15% of the power of an equiv-
alent hydraulic system, thus about an 85% power savings
when compared to an equivalent hydraulic system.
[0040] Improvements and benefits over existing tradi-
tional hexapod electric ball-screw motion systems in-
clude the configuration of the cam mechanism, especially
when coupled with high end servo-motors, drives and
planetary gearboxes, results in zero mechanical back-
lash as planet gears remain in contact with the output
shaft teeth throughout the full range of motion. By way
of example, the system can be readily configured to a
different configuration within a few hours by replacing
cranks and connector rods with those of differing lengths
to suit various aircraft platforms (within physical con-
straints). This will also allow the same motors and gear-
boxes to provide a greater range of excursions when cou-
pled to a smaller cabin of a flight simulator. The classic
Hexapod system has no such configuration flexibility and
a separate motion system is required for each platform
type. The configuration is not constrained to current load
carrying and acceleration performance of the existing
Hexapod systems.
[0041] A 24 tonne payload 3-axis motion system is cur-
rently being developed according to the teachings of the
present invention for the leisure industry. A 9 tonnes pay-
load 3-axis motion system and a 2 tonne 6-axis motion
system are currently being tested.
[0042] A user friendly suite of software tools enables

program parameters to be changed without the need for
a specialist programmer to make changes at source code
level. A desirable motor synchronization is provided
when double motors or quad motors are required to meet
payload load and performance specifications. Synchro-
nization is achieved through the use of virtual axes, elec-
tronic gearing and real time internal correction loops run-
ning at 1 millisecond intervals, by way of example.
[0043] Full regenerative energy capability can be in-
cluded so that any decelerating actuator works in a fully
regenerative mode. This provides typical powers which
are in the region of one-third of a non-counterbalanced
ball-screw system and one-half of a pneumatically coun-
terbalanced ball-screw system. The reduction in thermal
loading significantly extends the life of all electrical and
electronic components minimizing maintenance costs
and maximizing availability. The system also has the op-
tional ability to return excess power to the utility grid when
internal regeneration exceeds system needs. This is not
possible with hydraulic and ball-screw type drive sys-
tems.
[0044] The system uses an industrialized sophisticat-
ed motion controller and high quality servo drives to gen-
erate and control complex motion profiles. The motion
controller receives data from the Motion PC via User Da-
tagram Protocol (UDP). After processing, the data is sent
to the servo drives using a 1 msec Loop Closure (Data
Send and Receive rate) while the internal drive loop clo-
sure is within the nano-second range. High Data update
rates coupled with advanced "Real Time, Dynamically
Responsive" motion control algorithms allows the crea-
tion of desirably smooth and accurate simulator motion
beyond that provided by known motion simulator sys-
tems.
[0045] Motion effect algorithms allow complex vibra-
tions to be superimposed onto the motion (directly im-
parted through the drive system) up to the saturation level
of the whole system. Vibrational frequencies exceeding
100 Hz are achieved. Resonant frequencies can easily
be identified and avoided. In contrast, electric ball-screw
and hydraulic systems have limited vibrational capabili-
ties in the region of 30-35 Hz. In addition, a secondary
vibration system has to be installed where higher fre-
quencies are required.
[0046] One desirable characteristic of the motion sys-
tems herein presented includes mass and center of mass
determinations during operation of the system. By way
of example, when the system moves to the neutral posi-
tion in the amusement industry applications, the system
is able to measure the motor torques and currents of
each motor. Through triangulation the mass and the cent-
er of mass of the system can be determined. This infor-
mation may then be used so that, regardless of a variable
guest mass and a distribution of the variable guest mass,
a ride acceleration profile can be adjusted instantane-
ously so that the guests always experience and feel the
same motion, and hence the same ride experience re-
gardless of the guest mass and guest mass distribution.
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This mechanism may also be used in any type of simu-
lator to ensure that the guest experience is identical re-
gardless of the mass of the guest in each vehicle.
[0047] Furthermore, with the advantages in motion fi-
delity, vibrational characteristics of at least up to 100 Hz
(and possibly beyond) can be superimposed through the
motion system without any further devices.
[0048] Also by using an upward heave motion of the
motion system, immediately prior to a drop, the illusion
of higher acceleration during the drop is created as hu-
man guests sense the difference between relative mo-
tions (i.e. up then down).
[0049] Both the elevator system and the motion system
may optionally include regenerative braking energy
through recovering the energy used in braking to make
the overall system very efficient.
[0050] Furthermore, complex heave (up and down)
motion can be achieved through the motion system with-
out using the main elevator cable drive system. This will
maximize the life of the elevator drive system cables.
Every reversal through the sheaves of the cable system
reduces the service life due to cyclic induced loads. El-
evator cable systems are very susceptible to fatigue
through cyclic loading patterns.
[0051] The heave motion may also be complemented
with motion from the additional degrees of freedom in the
motion system such as pitch or roll in a 2-axis system,
pitch and/or roll in a 3-axis system and pitch, roll, surge,
sway and/or yaw in a 6-axis system, by way of examples.
Such complimentary motions can provide desired motion
effects in a drop elevator system which is not possible
with a simple cable drive, whether such cable drive is
open-loop or closed-loop.
[0052] As above described, the control system sends
signals to the electric motor to drive the actuator to and
through its desired positions. For example, the control
system may send signals to vary the speed of the electric
motors and to move the actuator elements into a desired
position by moving the crank through a path of rotation
and the connector rod through one or more paths in and
across multiple axis of rotation. The actuators move in a
synchronized manner to create motion in a desired di-
rection for providing a heaving effect, by way of example.
One feature to further enhance the above described sys-
tem includes the motion system actuators rotatable
through 360° (thus movable through a complete circle).
This is achieved with the three (3) degree of freedom
system as above described and allows more of the ver-
tical motion to be utilized as the motion system actuators
do not need to decelerate at the ends of their stroke (un-
like a ball-screw, or hydraulic motion systems). Embod-
iments may therefore comprise the control system oper-
able with one, two, three or six degree of freedom motion
systems that enable full 360 degree rotations of the ac-
tuators for utilizing a full heave stroke of the actuators.
[0053] Furthermore, with the advantages in motion fi-
delity described in the above referenced pending patent
application, vibrational characteristics of at least up to

100 Hz (and possibly beyond) can be superimposed
through the motion system without any further devices.
[0054] Also by using an upward heave motion of the
motion system, immediately prior to a drop, the illusion
of higher acceleration during the drop is created as hu-
man guests sense the difference between relative mo-
tions (i.e. up then down).
[0055] Both the elevator system and the motion system
may optionally include regenerative braking energy
through recovering the energy used in braking to make
the overall system very efficient.
[0056] Furthermore, complex heave (up and down)
motion can be achieved through the motion system with-
out using the main elevator cable drive system. This will
maximize the life of the elevator drive system cables.
Every reversal through the sheaves of the cable system
reduces the service life due to cyclic induced loads. El-
evator cable systems are very susceptible to fatigue
through cyclic loading patterns.
[0057] Although the invention has been described rel-
ative to various selected embodiments herein presented
by way of example, there are numerous variations and
modifications that will be readily apparent to those skilled
in the art in light of the above teachings. The scope of
the invention is defined by the attached claims.

Claims

1. An elevator drop amusement ride system compris-
ing:

an elevator platform (12);
a plurality of actuators (14) carried by the eleva-
tor platform (12), wherein each of the plurality
of actuators (14) includes a support plate (16)
configured to connect with the elevator platform
(12), at least one planetary gearbox (18) en-
gaged and driven by at least one electric servo
motor (20), and a drive shaft (22) driven by the
servo motor (20) and engaged with at least one
crank (24);
a plurality of connecting rods (26), each con-
necting rod having a proximal end engaged with
the at least one crank (24) of a corresponding
one actuator (14);
a passenger platform (36);
a frame (30) attached to the passenger platform
(36), wherein a distal end of each connecting
rod (26) is engaged with the frame (30); and
a control system (100) operable with each elec-
tric servo motor (20) of each actuator (14) for
operational control thereof and for providing a
simulated motion in at least one vertical axis to
the frame (30) and thus to the passenger plat-
form (36).

2. The system according to Claim 1, wherein the ele-
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vator platform (12) comprises at least a partially en-
closed cabin (64).

3. The system according to Claim 1, wherein the control
system (100) includes a washout filter module for
transforming input forces and rotational movements
with forces that are below the level or human per-
ception.

4. The system according to Claim 1, including a cable
drive system, wherein the control system (100) in-
cludes high data update rates coupled with ad-
vanced real time, dynamically responsive motion
control algorithms, providing desirably smooth and
accurate simulator for enabling absolute synchroni-
zation with the cable drive system.

5. The system according to Claim 1, wherein the control
system (100) is operable with at least one of a one,
two, three or six degree of freedom motion system
that enables full 360 degree rotations of the actuators
for utilizing a full heave stroke of the actuators.

6. The system according to Claim 1, wherein the actu-
ator configuration includes one, two or four mo-
tor/gearbox assemblies (56) for each actuator (14).

7. The system according to Claim 5, wherein the motion
system can directly superimpose vibrations of up to
at least 100 Hz.

Patentansprüche

1. Hebe- und Freifall-Vergnügungsfahrtsystem bein-
haltend:

Eine Hebeplattform (12);
eine Mehrzahl von Aktuatoren (14), die von der
Hebeplattform (12) getragen sind, wobei jeder
der Aktuatoren (14) eine Stützplatte (16) zur
Verbindung mit der Hebeplattform (12), zumin-
dest ein Planetengetriebe (18), das mit zumin-
dest einem elektrischen Servomotor (20) ver-
bunden und von diesem angetrieben ist, und ei-
ne vom Servomotor (20) angetriebene mit zu-
mindest einer Kurbelwelle (24) verbundene An-
triebswelle (22) aufweist;
eine Mehrzahl von Pleuelstangen (26), wobei
jede Pleuelstange mit einem proximalen Ende
mit zumindest einer Kurbelwelle (24) eines kor-
respondierenden Aktuators (14) verbunden ist;
eine Gästeplattform (36);
ein mit der Gästeplattform (36) verbundener
Rahmen (30), wobei ein distales Ende jeder
Pleuelstange (26) mit dem Rahmen (30) verbun-
den ist; und
ein Steuersystem (100), das zur Betriebssteue-

rung und zur Bereitstellung einer simulierten Be-
wegung in wenigstens einer vertikalen Achse
zum Rahmen (30) und damit zur Gästeplattform
(36) mit jedem elektrischen Servomotor (20) je-
des Aktuators (14) operabel ist.

2. System nach Anspruch 1, wobei die Hebeplattform
(12) zumindest eine teilweise abgeschlossene Ka-
bine (64) aufweist.

3. System nach Anspruch 1, wobei das Steuersystem
(100) ein Washout-Filter-Modul zur Transformierung
eingehender Kräfte und Rotationsbewegungen in
Kräfte, die unterhalb der Schwelle oder menschli-
cher Wahrnehmung liegen, aufweist.

4. System nach Anspruch 1, enthaltend ein Seilan-
triebssystem, wobei das Steuersystem (100) hohe
Datenaktualisierungsraten in Verbindung mit, dyna-
misch reagierenden Bewegungskontrollalgorithmen
mit erweiterter Echtzeit aufweist und eine bevorzugt
gleichmäßige sowie genaue Simulation zur absolu-
ten Synchronisation mit dem Seilantriebssystem ge-
währleistet.

5. System nach Anspruch 1, wobei das Steuersystem
(100) mit wenigstens einem Antriebssystem opera-
bel ist, das ein, zwei, drei oder sechs Freiheitsgrade
aufweist und volle 360° Rotationen der Aktuatoren
ermöglicht, um einen vollständigen Hievhub der Ak-
tuatoren gewährleistet.

6. System nach Anspruch 1, wobei die Aktuatorkonfi-
guration eine, zwei oder vier Motor-/ Getriebe-Ein-
heiten (56) für jeden Aktuator (14) aufweist.

7. System nach Anspruch 5, wobei das Antriebssystem
Vibrationen bis zu wenigstens 100 Hz direkt überla-
gern kann.

Revendications

1. Système de manège à chute d’ascenseur de parc
d’attractions comprenant :

une plateforme d’ascenseur (12) ;
une pluralité d’actionneurs (14) supportés par la
plateforme d’ascenseur (12), où chaque action-
neur de la pluralité d’actionneurs (14) inclut une
plaque de support (16) configurée pour être re-
liée à la plateforme d’ascenseur (12), au moins
un train d’engrenages planétaires (18) engagé
avec et entraîné par au moins un servomoteur
électrique (20), et un arbre d’entraînement (22)
entraîné par le servomoteur (20) et engagé avec
au moins une manivelle (24) ;
une pluralité de tiges de liaison (26), chaque tige
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de liaison présentant une extrémité proximale
engagée avec la au moins une manivelle (24)
d’un actionneur correspondant (14) ;
une plateforme pour passagers (36) ;
un cadre (30) fixé sur la plateforme pour passa-
gers (36), où une extrémité distale de chaque
tige de liaison (26) est engagée avec le cadre
(30) ; et
un système de commande (100) pouvant être
utilisé avec chaque servomoteur (20) de chaque
actionneur (14) pour une commande opération-
nelle de ceux-ci et pour appliquer un mouvement
simulé selon au moins un axe vertical au cadre
(30) et donc à la plateforme pour passagers (36).

2. Système selon la revendication 1, dans lequel la pla-
teforme d’ascenseur (12) comprend au moins une
cabine partiellement fermée (64).

3. Système selon la revendication 1, dans lequel le sys-
tème de commande (100) inclut un module de filtre
de lissage destiné à transformer des forces d’entrée
et mouvements rotatifs avec des forces sui sont en
dessous du niveau de perception humaine.

4. Système selon la revendication 1, incluant un sys-
tème d’entraînement par câbles, où le système de
commande (100) inclut des algorithmes de comman-
de de mouvement à réponse dynamique en temps
réel de pointe avec des vitesses de mise à jour de
données élevées, fournissant un simulateur aussi
régulier et précis que souhaité afin d’obtenir une syn-
chronisation absolue avec le système d’entraîne-
ment par câbles.

5. Système selon la revendication 1, dans lequel le sys-
tème de commande (100) peut être utilisé avec au
moins un système de mouvement à un, à deux, à
trois ou à six degrés de liberté qui permet des rota-
tions totales à 360 degrés des actionneurs afin d’uti-
liser une course de soulèvement complète des ac-
tionneurs.

6. Système selon la revendication 1, dans lequel la con-
figuration d’actionneur inclut un, deux ou quatre en-
sembles de moteur électrique/train d’engrenages
(56) pour chaque actionneur (14).

7. Système selon la revendication 5, dans lequel le sys-
tème de mouvement peut directement superposer
des vibrations jusqu’à au moins 100 Hz.
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