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A Driving System Design of an Electric Motor Scooter
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Abstract : This paper proposes a new design method for electric scooter which can maximize the power efficiency at

the given driving condition. The proposed method is designed with the electric and mechanical parameters and driving
dynamics. These values are extracted from the dynamic and mathematical equations of the scooter. For validation,
numerical simulation results are presented in this paper. As a result, the scooter achieved over 80% efficiency at 360

rpm at 1.42kw load. It is clear that the proposed method was verified through a 1.42kw numerical model.
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Nomenclature

: work

: force

: distance

- velocity [km/h]

: time

: power

: running resistance
: rolling resistance

: air resistance

SN MmNy T <&y

: gradient resistance

: acceleration resistance

8

: maximum velocity [km/h]

S =M™

: diameter of tire [mm]

: rolling resistance coefficient

b

*Corresponding author, E-mail: mhkim@silla.ac.kr

Electric motor(%-57]), Electric scooter(%1s 2=5E]), Running resistance(5=3§ #1&}), Gradient

g : acceleration of gravity
i, - air resistance coefficient[ kg/ m?]
A :frontal area [m’]

p - density of air [kg/m’]
C, :drag coefficient
M, : weight of scooter

M, :weight of rider

«  :decreased length of tire diameter by rider weight
N, :maximum rotation speed of electric motor
7, :maximum torque of electric motor
P, :maximum power of electric motor
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Table 1 Performance of electric scooter

Items Unit Demanded
Value
Scooter weight kg 90
Rider weight One person kg 75
Max velocity Plat km/h 50
Voltage \% 48
Battery —
Capability Ah 40
Mileage @35km/h km 90
. 10% km/h 30
Gradient
20% km/h 20
Acceleration 0-100m sec 12
Tire diameter 90/90-10 mm 416
w
P =—==FV (W ()
AAA LA A des HaEE V [km/h]E 2
(2% Wgske] EA5h 2 (3) 7} o] Hrk.
w_ v,
P=—= k 3
t 3600[ m )
QLA 0 2 Apapo] FashH Fa)S Yah sk
Fow Ao AR o2 FYste] TR
SH(F': Running resistance) ©] 231 gt} O]% 1’4—/\] ?

L 871 AE F, SR
1E?EQ$“G1

3.1 E%X EH(Rolling Resistance, 7))
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Fig. 1 Running resistances
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Fig. 2 Power characteristics of electric scooter
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Fig. 3 The change of forces for the gradient resistance
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Fig. 3 The demanded force for constant speed running
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Table 2 The designed rating of electric motor

output power [kw] 1.43 1.43 1.43

rotational speed [rpm] 657 3,285 6,570
torque [V + m] 20.8 4.16 2.08
reduction ratio 1 5 10
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Fig. 5 Maximun performance in constant speed
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Fig. 6 Efficiency of the electric scooter system in constant
speed
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Table 3 Obtained designed values
.. |Demanded | Designed | Motor
Items Unit
value results | current
Scooter
weight ke %0 %0
Rider weight | one person | kg 75 75
Moxi
amum e Jkmm| 50 50 | 36A
velocity
voltage \% 48 48
Battery —
capability | Ah 40 40
Mileage | @35km/h | km 90 94.5 14.6A
. 10%  |km/h 30 41.8 66A
Gradient
20% km/h 20 35.6 94A
Accelera |0 1oom | see | 12 * | 120A
tion
Tire diameter| 90/90-10 | mm 416 416

*) 7H4:3 5 9] 7%, Fig. 59141 o] 7l W ET} of = F 9] of f
Fhg Frorfol wheh A4

6. &4 E
A& 22T E o T 7 53 ALYl
AAE zb= HAE57]19 AE A
A-EA 3t 55 AAtsts WS ARl s
71 A "agk FAA] A Fro 2
HEN 2ES I T JEF AT
6 sIxSAZEE|=2F M19A MHs5S, 2011

HO

ok

References

1) J. Larminie, Electric Vehicle Technology Ex-
plained, Wiley, New York, 2003.

2) K. Yeom, “Optimization of the Parallel Diesel
Hybrid Vehicle,” Transactions of KSAE,
Vol.16, No.6, pp.26-32, 2008.

3) Y.-S. Cho, “Measurements and Numerical
Analysis of Electric Cart and Fuel Cell to
Estimate Operating Characteristic of FCEV,”
Transactions of KSAE, Vol.14, No.5, pp.65-72,
2006.

4) A. Kusko, “Brushless DC Motors Using Un-
symmetrical Field Magnetization,” Conf. Rec.
IEEE Ind. Applicat. Soc. Ann. Mtg., pp.774-
780, 1986.

5) C. Bergmann, “Direct Digital Control of a
Self-controlled Synchronous Motor with Perma-
nent Magnet,” 1st European Conf. on Power
Electronics and Applications, pp.3269-3273,
1985.

6) R. Hodkinson, Light Weight Electric/Hybrid
Vehicle Design, Butterworth - Heinemann,
Burlington, 2001.

7) P. Bolognesi, “A Modular Simulator for
Hybrid-electric Vehicles,” Proceedings of the
18th International Electric Vehicle Symposium,
EVS 18, p.1,2001.




<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


