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(54) Title: A MOTION PLATFORM SYSTEM

(57) Abstract: The present invention relates to a motion platform system comprising of a base, a moving platform displaceable by
& five actuators along and about the three axes in five degrees of freedom, said moving platform connected to said base by at least
& three links, wherein one of the said links is a column capable of having at least one rotational freedom at the base of the column; the
other two links include actuators controlling rotational degrees of freedom about the "X’ and 'Y’ axes; another actuator controlling
rotational degree of freedom about the Z’ axis; other two actuators controlling translational degrees of freedom along the "X’ and 'Y’
axes; said column including a joint at the top of the said column, said joint capable of providing at least one rotational degree of

freedom about any of the three axes.
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TITLE

" A MOTION PLATFORM SYSTEM

TECHNICAL FIELD

The present invention relates to a motion platform system. Partioularly, the present

_invention relates to a motion platform system for motion simulation by displacing the

moving platform in five degrees of freedom.
The basic function of the present invention is to facilitat_e the simulation of motion |
encountered by a vehicle during its movement by providing a system for generating

relevant translational and rotational .motions.
BACKGROUND OF THE INVENTION

A number of motion simulation systems or mechanisms are known with a restricted

degrees of freedom. It is also known to produce mechanisms which provide motion in
\ . .

~ three degrees of freedom, viz. the axes of heave, pitch and roll.

For ease of convenience, pitch refers to the motion in which the moving platform

rotates about. its . X- axns(transverse axrs) Roll refers to the motion in which the

‘moving platform rotates about its Y-axrs(longrtudmal axrs) Yaw refers to the motlon

in wh|ch the movmg platform rotates about lts Z-axis ( vertlcal axrs) Surge refers to

the translatlona_l motion of the moving platform along 1ts Y-axis. Sway refers to the

 translational motion of the moving platform along its X- axis.
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One of thé motion simulators has been described in US Patent No. 3,295,224 (1967;
re-issued as Re¢ 27,051 in 1971) which describe a motion simulator- consisting of a
planar spatial frame connected to a fixed base frame and is defined by at least three

stationary points on the grounded base. It is connected to six independent kinematic

legs, these six legs are connected to both the base plate and top plate by uniVersal

jointé in parallel located at both ends of e'ach leg. The legs are dc’sign:edv with an upper

body and lower bédy that can be adjusted, allowihg each leg to be var}ed in length. -

Figure 1 shows the isometric view of the motion simulator described above. To

achieve a single degree of freedom in the top frame all the a‘ctuaitotsi need to be

’actliated.'Thc loads are directly on the actuator which would result in greater power

rating for the actuators. For each individual moment (degrees of freedom) either -

. (pitch, row, yaw, surge and sway), all the actuators need to be ir_loved simultaneously
~with varying velocities, resulting in non utilization of alternative constant v'elo‘city'

actuators. In order to reduce the degrees of freedom for different applibations, all six

actuators have to be present.
OBJECT OF THE INVENTION

The present invention obviates the aforesaid drawbacks by providing a motion

_platform‘ system which enabl‘e‘s to control each of the degrées of freedom individually

‘and independently. Further, the present invention enables variable degrees of freedom -

. . o
depending on the requirement.
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'SUMMARY OF THE INVENTION

The present mvention relates to a motion platform system comprismg of a base a:
movmg platform displaceable by at least one actuator at least along or about any of

the three axes in at least one degree of freedom, the moving platform connected to the _

base by at least three links, wherein one of the links is a column capable of having at

least one rotational freedom at the base of the column; the column including a joint at

. the top of the column, said joint capable of providing at least one rotational freedom

i

about any of the three axes.

DETAILED DESCRITION OF THE INVENTION

The 'present invention will now be described with refe'renee to the following iﬂgures,
wherein the _same numerals relate to t_he_same parts and \ivherein:

Fignre 2 shows the isometric view of the assembled motion platform system. -

Figure 3 shows the isometric view of the assembled motion platform system rotated
about the Z axis by 9l) degrees in clockwise direction showing the links.ﬁ |

Figu_re 4 shows the exploded isometric view of the 'motion platforin i_sys'tem‘r'otated' |
about the Z axis by 90 »degrees in counter clockwise direction showing the actuators -
for translational niotions |

Figure 5 shows the isometrrc vrew of the column, actuator and the movmg platform :

rotated about the Z axis by 90 degrees in counter clockwrse direction.

to
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A preferred embodiment of the present invention will be described with reference to
. ) _ ] i .

the aforesaid drawings.

Referring to the figure 2-and 3, the present invention; relates to a motion platform

system compriaing'of a base (1), a moving platform (2) disp‘lace_able'l)y at least-one

. actuator at least along or about any of the three axes in at least one degree of freedom.

The moving platform is connected to said base by three links, wherein one of the said

links is a column (3) capable of having at least one rotationalfreedom at the base of

:the column. The other two links-are preferably actuators capable of eontrolling the

rotational freedom about the *X’ axis or Y axis, which are conneeted between'the
moving platform and the base (l).

One‘ enc_l of the.actuator (17)‘ (roll actuator) is connected to the baaei'(l) A.at a point
along the X-axis or even a shift of +/; 3(l degrees away from X axis of the base (1)
with a joint (18) and the other end is connected to the moving platform (é) ata point

along the X-axis or even a shift of +/- 30 degrees away from X axis of the movmg

' platform (2) w1th a Jomt (19). The length of the actuator controls the rotational

freedom of moving platform (2) about the Y-axis of the top joint (12). Similarly, one
end of another actuator (20) (pitch actuator) is connected to the base (1) at a point
along the Y;axis_or even a shift of +/- 30 degrees away from y axis of the base (1)
with a joint (21) and the other end is.connected to the movin_g nlat'foi'm (2) at a point
along the Y-axrs for even a shiﬁ of +- 30'degrees away‘from Y axis jof'the moving
platform (2) with a 'joint-v(2'2.). The length of the actuator eontrols;the rotational
freedom of moi'ing platform 2) about the X-axis of top joint (12).

Figure 4 describes the use of additional actuators capable of controlling translational
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degree of freedom along the ‘X’ axis or ‘Y’ axes which are connected between the

. column (3) and the base (1). The bottom end of the column (3) (the load bearing link.
of the moving platform) is connected to the base (1) by a joint (4) having two degrees '

“of freedom viz. rotational degrees of freedom about X and Y axes. lt is held upright'. |

by two actuators (surge actuator (5) and sway actuator (6)) The surge actuator (5) is

' connected to the base (l) w1th a joint (7 ) at its bottom end and is connected to the k

: l
i

column (3) with a Jomt (8) Slmrlarly, the. sway actuator (6) is connected to the base
€)) w1th a joint (9) at its bottom end and is connected to the column (3) with a joint
10).

The yoke of the top joint (12) is the base of the moving platform (2)i. The coordinate

positions of the centre of the yoke in space (attained by the rotational degree-of. A

i

_freedom of the column (3) at its base) are controlled by the lengths of the surge

actuator (5) and sway actuator (6). Translatlonal posmon along X axrs is controlled-

by the sway actuator (6) and the translational position along Y-ax1s is controlled by |

the surge actuator (5). The yoke has two degrees of freedom at its top joint (12) i.e.

rotational degrees'of freedom about X and Y axes inrspace wh'ich are parallel to
corresponding X and .Y axes ol' the base t’rame(l).

Referringto figure 5, an actuator(yaw actuator(l4)) capable of controlling rotational
degree ot freedom about the ‘Z’ axis is connected between the movmg platform(2)

and the Jomt(lZ) at the top of the column(3) ‘The movmg platform (2) when coupled

to yoke of top Jomt(12) has one planar rotational degree of free_dom about its Z-axis -

(yaw) at the origin of the Aspatial ‘plane frame(moving platform(2)) relative to the .yoke.

It rotates about a pin joint (13) and the freedom is controlled by the length of the yaw

“actuator (14) between a point on the yoke (centre of the joint (16)) and the point on-
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PCT/IN2007/000349



WO 2008/020459

10

15

20

‘the moving platform (2) (centre of the _|omt (15)) It gets two rotational degrees of |
_.freedom relatlve to the column (3) i.e. two rotatlonal freedoms in space namely pltch
and roll and another two degrees of translatronal freedom along the X& Y axes,- -
: namely surge and sway, m,space which are gettmg controlled .by the fsurge actuator._ :
(5)‘and the sway actuator (6). | |

'Preferably, the motion platform system is designed to facihtate five different degrees

of freedom viz. motions to its movmg platform namely pltch roll yaw, surge and

’ sway on which a payload (for example vehlcle cabin) is mounted.

The motion platform dsystem for achieving five different degrees of freedom

comprises of a base, a moving platform displaceable by five actuators along and about -

the three axes in five degrees of freedom. The moving platform is connected to said .

3

base by three links, wherein one of th_e links is a column capable of having at least one‘

rotational degree of freedom at the base of the cotum, The other tvvo links include ,

i P

| _
actuators controllmg the rotatlonal freedom about the ‘X’ and ‘Y’ axes Another

actuator is included in the system whlch controls the rotational freedom about the ‘Z’
axis. The other two actuators controlling translational freedom along the ‘X’ and ‘Y’
axes are also incorporated. |

All the above motions are implemented by using linear actuators (which act as links
in the mechanism) and joints. Linear actuator-is a cylindrical pair having controlled
linear freedom and independent rotational freedom'to its moving el_ement. Unless 4
activated by 'power, there is no linear movement.

The size of the motlon platform can be changed as per the requ1rement dependmg
upon the type of vehlcle cabm keepmg the actuators axes relatively constant

The base isa stationary platform which acts as a base link for the mechamsm. The
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column is a load beéring iink which is connected at the centre of the fnbV_ing platform

at one eﬁd and at the oth¢r end is connected to the base. Méving pIatfémi isa spétial.

plane frame on which the vehicle cabin'vis hduniéd and to_which: ﬁve &egreé's of
freedom is provided.

The composite motion to the moving platform is brovided by changipg the fength_s of
actuators. The motion platfom des¢ribéd abpve has mény applic‘atioAns"Aliké a motion

simulator, a manipulatqr etc. | B | |

One example of t‘he'use of tﬁe motion platform system is in a vehicl§ siin‘1ulator.v ‘The

speciﬁc‘ations‘of 5 _degrées of it.‘reedom rﬁotion 's‘ir'nula't'io_n platférm? Jsing 'éléctif.iélal'
actuators for a payload of 100'0 Kg.having the center of gravity at S 600mm above

from the lﬁoving platform.

Di_splacement =4 14 Deg
Vélocity = 16 Deg/Sec
Acceleration =405 Deg/Sec? .
Roll:

' vD'isplacel'nent =+ 14 Deg
Velocity =16 Deg/Sec

. Accelgrétion’ | ' | = 465 Deg/Sec?
Diéplacémeﬁt =%15Deg
Velocity . =26 Deg/Sec
Acceleration | = 550_Deg/Séc2 A
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| ‘Displacement =+ 120mm
~ Velocity . =238 mrﬁ/Séc
Acceleration = 6024 mm/Sec?
Sway:
5. " Displacement ‘=120 mm
Velocity . | = 238‘ mm/Sec

Ac'celeration | = 6024 mm/Sec’I_
‘To achieve the motion reciuir‘emer‘]ts,‘ the mbtioh platform .ha; the fdll(j)w‘ing
specifications:
10 Act;ators:
a) Motor Pdwer - =22KW each.
- b) Max. Stfoke lréng.th= + 140 mm
Moti&n platform: |

Base frame Size B ' ‘ = 1800 X 1_80_0 mm

15 ~Moving Top p]atfomx Size - =1600x 1600 mm
: To'tél Height of the platfor_m - =950 mm

The above mentioned is an example and variations can be done by altéring the
" appropriate governing parameters. -
The motion platform according to the present invention has certain advantages, which

20 are listed below:

1. The payload (load of the equipment beingA simulated) is transferred to the base

- frame through the central column which is élose to the centre of gravity (C'.G..) .

| ~ofthe péyload.

2. The platform is so designed to provide motions with least effort as the payload
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is not directly.on powevrrdri\l/‘en actuatoré.'

3 'To cause tmo;/emént in any ‘degrecl:'of freedom only one input parameter, i.e.,-
It'l.le change in leﬁgth of acfuator, is sufficient.

4. It can provide simultaneous and maximum digplabements in all ﬁ"vg.degrees.

5 of freédom.

5. Any act‘uator such as electrical, hydraulic, pneumatic, etc., can be used.

6. Joints are designed to provide requisite freedbrh within a limitéd space. This
results in minimal join? profiles.

*7. Constant spéed linear actuators can be used.
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CLAIMS:

A motion platform system comprising of ‘a base, .a _mdvi’ng"platform

displaceable by at least one actuator at least along or about ény of the three

axes in at least one degree of freedom, said moving platform conrnected to

said base by at least three links, wherein one of said links is a column -

_ capable of having at least one rotational degree of freedom at the base of

~ any of the three axes.

said column; said column including a joint at the top of said column, said :
joint capable of providing at least one rotational'ldegree" of freedom about -

)

A motion platform‘system as claimed in Claim 1, wherein the other links

_include actuators.

i

" A motion platform system as claimed in Claim 2, wherein another actuator

‘éapab_le of controlling the rotational freedom about the ‘Z’ axis is

connected between said moving platform and said joint at the top of said -

column.

" A motion platform system as claimed in Claim 2, wherein the actuators

~ capable of controlling the rotational freedom about the ‘X’ axis or Y’

axis are connected between said moving platform and said base.

A motion platform system as claimed in Claim 4, wherein said actuator is

placed at an angle of +/- 30 degrees from the respective ‘Y’ axis or ‘X’

axis.

A motion platform system as claimed in Claim 4, wherein said actuator is’

 placed along the respective ‘Y’ axis or ‘X’ axis. .
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A motion platform sysfem as claimed in Claim 2; whefein additional

actuators capable of controlling translational freedom along the ‘X’ axis-or -

‘Y’ axis are connected between said column and said base.

A motion platform system as claimed in Claim 7, wherein the end of said .

-actuator on the base is at an angle of +/- 30 degrees erm-the respective

‘X’ axis or ‘Y’ axis.
. i -

A motion platform system as claimed in Claim 7, whéreiﬁ ihe end of said

~ actuator on the base is on the respective ‘X’ axis or ‘Y’ axis.

A motion platform system comprising of a bése,>a moving platform
displaceable by ﬁve actuators__along and abohf_ thé thfee axes in’ five .
degrees of freedom, -Asaid méviné platfbrm connected .to 's'.aid bése by ét
least three" links, 'wl‘1ere'in one of the said links is a column ‘capable of :
having af Ieastl(')ne rotational freedqm at the base of the column; thé other

two links include actuators contfolling rotational degrees of 'fr'ee‘dom about

the ‘X’ and ‘Y’ axes; another actuator controlling rotational degree of

freedom about the ‘Z’ axis; other two actuators controlling translational.

degrees of freedom along the ‘X’ and ‘Y’ axes; said column including a’

_ joint at the top of the said column, said joint capable of broviding at least

one rotational degree of freedom about any of the three axes.

~ Amotion platform system as claimed in any of the aforesaid Claims used

for motion simulation.

{ : : .

‘A motion platform system substantially as herein described with reference '

to the figures accompanying the specification.
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