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Development of a Pneumatically Driven 6 DOF Driving Simulator
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Abstract A pneumatically-driven driving simulator that provides a realistic representation of the driving
environment was developed. The motion platform for the driving simulator is a mechatronic device that gives a
driver the realistic feeling of an actual vehicle. The cost of the motion platform comprises the largest part of
the expenses in developing a driving simulator. In this project, to develop a low-cost motion platform, the
self-built motion platform based on the Stewart platform configuration that is constructed by six pneumatic
cylinders was used as its actuator. The Stewart platform that moves in response to the operating signals of the
joystick showed satisfactory tracking performance. We confirmed the possibility of the driving simulator using
rFactor that is a commercially available racing game software.

Key Words : Driving simulator, Motion platform, Pneumatic cylinder
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[Fig. 1] AMC’s Pneumatically Driven 6 DOF Driving Simulator
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[Fig. 2] Diagram of the AMC’s Driving Simulator Components and their Interactions
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[Table 1] Specifications for the Pneumatic Cylinder

Item . .
T Pneumatic cylinder
Specification
Required Diameter(mm) 110
equire
q Stroke(mm) 300
Diameter(mm) 125
Selected
clecte Stroke(mm) 300

[Table 2] Specifications for the Pneumatic Proportional

Valve
Tt . .
'e'm - Pneumatic Proportional Valve
Specification
. Flow Rate
Required (SLPM) 1200
Flow Rate
1400
Selected (SLPM)
Manufacture Festo
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[Fig. 5] Motion Platform
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[Fig. 6] Results of Surge Motion Tracking
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[Fig. 7] Results of Sway Motion Tracking
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[Fig. 10] Results of Pitch Motion Tracking
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[Table 3] Specifications for the AMC’s Motion Platform

Architecture 6 DOF Stewart
Actuation Pneumatic Drive
Payload Mass(kg) 500
Normal Width(mm) 1490(parked)
Normal Length(mm) 1490(parked)
Normal Height(mm) 830(parked)
disp.(mm) +200
Surge vel.(mmy/s) +250
accel.(mm/sz) +4900
disp.(mm) +200
Sway vel.(mm/s) +250
accel.(mm/s”) +4900
disp.(mm) +140
Heave vel.(mmy/s) +250
accel.(mm/s%) +5600
disp.(deg) +20
Roll vel.(deg/s) +35
accel.(deg/sz) +350
disp.(deg) +17
Pitch vel.(deg/s) +30
accel.(deg/sz) +300
disp.(deg) +17
Yaw vel.(deg/s) +30
accel.(deg/sz) +300

Algdely sl 7HE 2 e viRle As &
A ERE —T’ioﬂ *F&H JAIOP%(washout) darelE

l

A Y 3% P*"*J/l *ﬂxﬂ‘*ol R= ol 1
A EREY FAYeR 2ET gof A EHES
252 FAHAIke] gl g mAS 2HsHA HEks| F
of sh=tl o5 "33l F= Zlo| YAlok LETs].



A Satsl=RA) 4147 A125, 2013

. input
e =
=
i .
N ..,,‘____ll,t,r.ll,it
.
Time

[Fig. 12] The Smooth Washout filter

B =RolAL o)y Aol MY f-85tT Hrh
=] Fig. 120] H o] x]= Smooth Washout HE|S ARE35}9
o}H6].

22 SHAE U]
SR o)X, ol AL wolSol/] Slat A

= o

Z|&2 ThrustmasterAH7]2] oAl &, TSO0RSS AM&-3}
@t T500RS+= 30 emZ] 9] A5 FF A ER 14
Heh W52 31080 =9 4 ok W& Y
SkaL whE &34 Zh= Force Feedback W7l &) A
Sk HE AEE dA] Ao wet GT Aedat
FI 2Etd® ANSSE 4= glom] o] Al <lsf
100 % F40=2 AR Aot

2.3 23N Y AR

SANe] AU WAS 915 Fig 70 HolFL ule}
ol AEst doly o % He Hxskn LA
M3 9IXE WAs) JhaA A SIS P o
AN exAe] 2 Aol whe xe] SAelel ofat
Ao wre] WAL ANFOR RRA BelFo] £
A2 selF WA LA LYS LES HAPAE

3x1 monitor(23")

T500RS Wheel
Speaker

Seat

PC

Accelerator

Clutch

[Fig. 131 Cockpit Layout Adjustment

B ATo|H HAHAE Fig 133} Zo| 254 Au
o] 23 Q1% LEDEUEE 3X1 Ho|opx o2 ujx]
shelet. AR A3 wUEe] 3X1 dlolobs: w7 L%
ol Bzt e ATl o3t ATtE B
40] Fig. 17} 20] WA =E)olet. 1)
7}EX= MSI A 3ZA N560GTX CROW D5 1GB [PCI-Ex]
278 PO AAslo] ALgair). Tt &
2 AL DVI Ao|2e AMgalo] mUE R Al

1)
N

2.4 502 S|

2% LS 5 e9% A% v oEw A
48 5 WANA SHAA AAR LA ek
L8 27 913 gAolek. B mloAE Bz
5.1219 BR-DA60002 ZY-8-3}%c}.

2.5 Sato|y AlZa(0lE| AZEof

A7 A ¥ H71E E35}o] rFactor-PROE =2}o|H)
AlEolE ] AxEge] EFHFoRE AAsiqlct A=
smEge] BAEL Erela st 1o, Wt
AFF5E 3}, force feedback #|o]4] B A Y g0
SR A Adue Eetold AEE Alwel <tk

rFactor-PRO[8]+= 2008 o] SA|= ©o|% Fl1, LA7}e}
Asabstgel de] ARgEaL Qlok

22719 o842 o ol EAEAYOl WE T
2 dlS rFactor-PROQ] 2}5f mulg =238 4= Qlth
HA7IA]  rFactor-PROZ; F3EE= HES
C++, Dymola, SIMPACK, CARMAKER 2 CARSIM-&
olg% mulolch

@A rFactor[9]5 o]-§sto] Egto]d] AlEeolE 9
£ZEG0] BABoRA) R4S Felat Arfolch

Simulink,

N

=

1

%
o
o
iyl r.:%
ofth ﬁlﬁ
T
l> _|>i 2
2 mﬁ

>

% f
_?“1:, 1
30
Rl ot

(o}

©

&
o 1>

é
)
)
m,
i)
(2o
M N o
o
rlj
)
3
ofN
ox
ol
o
f
2
2
)
oo
|o
fu

>
s

N
oy
o

0]

6096



5719 7541 6 DOF Ezto]d] Algdole 9] 7

2 Wste] RC AR Ao} AEE Ho| A8 Aojge
=X Y TEA BH BAES HBH0E Aojstol

BT 24 QRS 1BE U R Selold AR
ge] doldl 2eg Sfak AgeolE shEgol, wa A
Beold W Sty ABolHRAY 54 Hol
dhal Bk gl

References

[1] Garrett Weinberg, Bref Harsham, "Developing a Low
Cost Driving Simulator for the Evaluation of

In-Vehicle Technologies", Mitsubishi Electric Research
Laboratories, Inc., 2009.

[2] Geun-Mook Kim, E-Sok Kang, "Sliding Mode Control
with Velocity Feedforward Gain of a Pneumatic Motor",
The Institute of Control,
Engineers, Korea, Vol. 12, No. 11, pp.1061~1064, 2006.

[3] Geun-Mook Kim, "The Ball Screw Position Control

System Driven by a Pneumatic Motor Using Continous

Automation, and System

Sliding Mode",The Korean Society of Industrial
Application, Vol.11, No.4, pp.209~216, 2008.

[4] Maplesoft, High-Performance Physical Modeling and

=

Simulation, http://www.maplesoft.com/products/maple
sim/index.aspx.
[5

[t}

Federico Barbagli, Diego Ferrazzin, Carlo Alberto
“Washout
Filter Design for a Motorcycle Simulator”,Systems,
Man, and Cybernetics, 2000 IEEE

Conference on Vol.2, pp.995~1000, 2000.
DOL: http://dx.doi.org/10.1109/ICSMC.2000.885980

http://www.x-sim.de/manual/washout.html.

Avizzano, Massimo Bergamasco Percro,

International

[6
[7

— =

Thrustmaster corp., Thrustmaster Announces The
T500RS for PlayStation®3 Officially Licensed by Sony
Turismo®5,
http://www.thrustmaster.com/en_uk/node/3669,12. 22. 2010.

[8] rFactor-Pro, Driver-In-The-Loop simulation solutions for

Computer  Entertainment and Gran

vehicle dynamicists and engineers in the motorsport and
automotive industries", http:/rfactor-pro.com, 2012.

[9] http://www.rfactor.net.

6097

Zl 2 =(Geun-Mook Kim) (A2 H]

e 1987 29 : Zdtigtw 7|AA
Aset (FAb

° 19904 29 : ZdiEtw 7|AA
Alsett (F84Ah

® 19909 39Y ~ 19961 2¢¥ : o
Hsta A YA

e 199649 39 ~ A : o}FAE
Abosk i

© 20009 29 : FfSE FALATNT A SR
<ByRP
REBUALE Ao] R 35

Z 0| M(E-Sok Kang) s

® 1974 24 :
sk} (F3HAh

o 19819 39 ~ @A : Fdost
7 ALATE T B

* 19831 29 : o}FtiEa 7|AlF
sk} (F3H4Ah

e 1991 1€ ~ 1992 1¥
MITEHL} PSR R S|

aae4e 714 (Fetiab

Agdieta 7141

o 19941 2 :

<30k
Aolo| o] ¢4, ZHEX, ABAT. HU4F

e U s o




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


