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Abstract : Most of countries start to restrict the emission gases of vehicles especially CO2 because of the global
warming. Many vehicle companies including Toyota have launched various HEVs to satisfy the restriction laws and to
improve the vehicle's efficiency. However, development for heavy-duty hybrid system is not plentiful rather than the
passenger car. In this study, we choose the optimal size of engine, motor and battery for heavy-duty hybrid systems
using dynamic programming. Also we analyze the correlation of the system's cost and efficiency because the added cost
of vehicle to make the hybrid system is very important factor for the manufacturing companies. Finally, this study
suggests a method to choose the appropriate system components size considering its performance and the cost. With
this method, it is possible to select the component size for various systems.

Key words : Hybrid electric vehicle(d}o] 2.2] = x}-5-%}), Heavy-duty vehicle(“d-& X}%F), Dynamic Programming
(DP - 54 A& ), Component sizing(-8- % 417), Hybrid system cost(3} 0] B8] = A] 2~ & H]|-&)
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Fig. 1 Composition of the HEV system

td
(1
Ak
2
oo
L
off
o
2

N
OQL-”

rx
02
1l
B
fot

o 2
>
o
T oo
o

ol
o
2

‘
2%
-

N

0,
op
oﬁ, oL

Hob o oy
oo

™
&
(o, 1o

ox -

ol 2
2
(i)
o

e g
N
¥2
o

lo,
)
>~
>
o
2,
flo

O,

B off 4o oo =
=
=
z

a
2 B2

18 g

(feasible region)> 2} o] 87 A5
k7] %= AbgF 53 o] & 2 A5
ARG B =FolA 283 A
Ho) 8 £(100km/h), 5 Als
15%, 20km/h), 7} 43°5(30s, 70km/h) B 742 37}
22 71e} AFEHS a1e]dte] Fig. 29 2o AyE

&S

o
£
oft

off o |o
fo &

O, o

4

o

Q

a

oX

—~

Table 1 Properties of the vehicle

7™M % (kg/m’) 1.204 (20°C, 171%h
Frontal area, Ar (m3) 7.5
Air drag, Cq (-) 0.6
Rolling resistance (-) 0.0067
% (kg) 15000
2 A, a (%) 15
25710l 8, 0.9
WE7] E8, 0.85
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Fig. 2 Feasible region and the simulation points
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Table 2 Components for simulation

Motor Mot. Max. | Bat. Max.
power (kW) | power (kW)
#1 pm_10_10_insight 10.0 13.0
#2 pm_7 15 prius 15.0 19.5
#3 | pm_14_20 UQM_DRI156S 20.0 26.0
#4 pm_15 30 prius 30.0 39.0
#5 id_21_40 HPDG_40_4A 40.0 52.0
#6 pm_49 49 Honda 49.0 63.7
#7 pm_25 50 prius 50.0 65.0
#8 pm_58 58 58.0 75.4
#9 pm_30 75 _UQM_intets 75.0 97.5
#10 id_83_83_GE 83.0 107.9
#11 id 93 93 UQM 93.0 120.9
#12 | id_75_110_Westinghouse 110.0 143.0
VITO_RW_BUS_VH_Turnhou_Full 1
Cycle VITO RW_BUS VH Brussels Full 1
VITO_RW_BUS_VH Brussels Meduum_1
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Table 3 Results of the simulation
Avg.
Mot. Max. Bat. Max. Bat.. fuegl
power (kW) | power (kW) c(alf)\e;]c}llt)y efficiency
(km/I)
#1 10.0 13.0 2.50 4.29
#2 15.0 19.5 3.00 4.41
#3 20.0 26.0 2.50 423
#4 30.0 39.0 4.00 493
#5 40.0 52.0 4.50 5.38
#6 49.0 63.7 6.00 5.64
#7 50.0 65.0 5.00 5.60
#8 58.0 75.4 6.50 5.64
#9 75.0 97.5 6.00 5.70
#10 83.0 107.9 6.50 5.48
#11 93.0 120.9 5.00 6.03
#12 110.0 143.0 6.00 6.00
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Table 4 Cost applied results
Mot.
M;))tc Mot. Bat. Bat. Total Avg.
powe.r cost |capacity| cost cost F/E
w4l W) | (0
oy | (TR | GWh) | () | (kD) | (ki)
#1 | 10.00 12.0 2.50 325 337.0 429
#2 | 15.00 18.0 3.00 390 408.0 4.41
#3 1 20.00 | 24.0 2.50 325 349.0 423
#4 | 30.00 | 36.0 4.00 520 556.0 4.93
#5 | 40.00 | 48.0 4.50 585 633.0 5.38
#6 | 49.00 | 58.8 6.00 780 838.8 5.64
#7 | 50.00 | 60.0 5.00 650 710.0 5.60
#8 | 58.00 | 69.6 6.50 845 914.6 5.64
#9 | 75.00 | 90.0 6.00 780 870.0 5.70
#10 | 83.00 | 99.6 6.50 845 944.6 5.48
#11 | 93.00 | 111.6 5.00 650 761.6 6.03
#12 | 110.00 | 132.0 6.00 780 912.0 6.00
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8
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Fig. 11 Result graph of total cost Vs. Mot. Max. power
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Fig. 12 Result graph of Avg. fuel efficiency Vs. total cost
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Table 5 Return time calculation results

]]\\/[/[2; Bat. Total | Avg. | Return | Return

Power Capacity Co:t F/E Time |Distance

(kW) (kWh) | (3H) | (km/l) | (Day) | (tkm)
#1 | 10.00 2.50 337.0 | 4.29 - -
#2 | 15.00 3.00 408.0 | 4.41 | 1783.0 | 42.15
#3 | 20.00 2.50 349.0 | 4.23 - -
#4 | 30.00 4.00 556.0 | 4.93 | 508.65 | 12.02
#5 | 40.00 4.50 633.0 | 538 [ 37133 | 8.78
#6 | 49.00 6.00 838.8 | 5.64 | 41556 | 9.82
#7 | 50.00 5.00 710.0 | 5.60 | 361.14 | 8.53
#8 | 58.00 6.50 914.6 | 5.64 | 453.12 | 10.71
#9 | 75.00 6.00 870.0 | 5.70 | 416.64 | 9.85
#10 | 83.00 6.50 944.6 | 548 | 51441 | 12.16
#11 | 93.00 5.00 761.6 | 6.03 | 313.05 | 7.40
#12 | 110.00 | 6.00 912.0 | 6.00 | 379.73 | 8.98
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Fig. 14 Graph of return distance & total cost
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Table 6 Final results

Engine Mot. Bat. Total Avg. | Return
Max. Max. . .

power power capacity | cost F/E | distance

Wl el

(kW) kW) (kWh) | ( ) | (km/l) | (Ftkm)
171.0 50.00 5.00 710.0 5.60 8.53
wrElo] o) & 2 i=o] whyo] A4 gaeha oS
REREIEEE S s E R
gt

_§_
=S AAAAR A9 7IE gAY
(10033110) 2 20109 &= A (L5 7817 23 <] A
Ao & g AT A e A Y8 whol =8 7] 2
TAFA(2009-0083495) 9] Lgto 2 Y= lF )

References

1) H. Ohn and K. Min, “Combustion Stability
Analysis during Engine Stop and Restart in a
Hybrid Powertrain,” Int. J. Automotive Tech-
nology, Vol.10, No.2, pp.241-249, 2009.

2) Y. Yan, G. Liu and J. Chen, “Integrated
Modeling and Optimization of a Parallel
Hydraulic Hybrid Bus,” Int. J. Automotive
Technology, Vol.11, No.1, pp.97-104, 2010.

3) D. H. Lee, J. R. Jeong, C. W. Shin, Y. I. Park
and S. K. Cha, “Component Sizing of a Heavy-
Duty Hybrid System Using Optimal Control
Method,” Fall Conference Proceedings, KSAE,
pp-2992-2996, 2009.

4) J.R.Jeong, D. H. Lee, C. W. Shin, W. S. Lim,
Y. [. Park and S. K. Cha, “Study on Battery
Sizing of a Heavy-duty Hybrid System Using
Optimal Control Method,” Spring Conference
Proceedings, KSAE, Hybrid and Fuelcell Ve-
hicle, pp.47-51, 2010.

5) S. 1. Jeon, S. T. Jo, Y. L. Park and J. M. Lee,
“The Engine/Motor/Battery Sizing of a Parallel
Hybrid Electric Vehicle Based on Energy
Balance Relation,” Fall Conference Proceed-
ings, KSAE, pp.1149-1154, 2001.

82 sizxsAIR eS| =2F M19A M35, 2011

LIS VAL

6) D. E. Kirk, Optimal Control Theory. An
Introduction, Prentice Hall, New Jersey, 1970.

7) N. W. Kim, Y.-I. Park, H. W. Seo, D. H. Lee
and S. W. Cha, “A Backward Simulator for
Calculating Optimal Control Trajectories,”
Spring Conference Proceedings, KSAE, pp.1498-
1503, 2009.

8) N. W.Kim, D. H. Lee, S. Yang, Y.-I. Park and
S. W. Cha, “Optimization for Analyzing Fuel
Consumption of HEVs,” Spring Conference
Proceedings, KSAE, pp.2042-2047, 2008.

9) H. S.Jo,J. M. Lee and Y. L. Park, “A Deve-
lopment of the Parallel Type Hybrid Drivetrain
System for the Transit Bus Partl: Driveability
and Sensitivity Analysis,” Transactions of
KSAE, Vol.7, No.4, pp.135-147, 1999.

10) K. H. Lee, S. Y. Shin, J.-W. Yoon, Y.-K. Choi
and C.-S. Kim, “Development of Hyundai
‘COUNTY’ Hybird Electric Bus,” The 19th
International Battery, Hybrid and Fuel Cell
Electric Vehicle Symposium & Exhibition,
pp.1181-1193,2002.

11) Y. Horii, J. Takeo, Y. Susuki, Y. Kono, S.
Ruppert and E. Holl, “A Hybrid Electric Drive
System for Low-floor City Bus,” The 19th
International Battery, Hybrid and Fuel Cell
Electric Vehicle Symposium & Exhibition,
pp.35-46, 2002.

12) H. G. Kim, S. J. Heo and G. B. Kang,
“Modeling and Characteristic Analysis of HEV
Li-ion Battry Using Recursive Least Square
Estimation,” Transactions of KSAE, Vol.17,
pp-130-136, 2009.

13) J. H. Song, D. J. Kim, C. H. Lee and C. B. Lee,
“The Study of Analytic Methidologies for the
Driving Cycle Development of City Bus,”
Spring Conference Proceedings, KSAE, Emis-
sions and Environments, pp.173-181, 2010.

14) Korea National Oil Corporation, http://www.
opinet.co.kr/, 10/05/03.

15) A. Rousseau, P. Sharer and M. Pasquier, “Vali-
dation Process of a HEV System Analysis Model:
PSAT,” SAE 2001 World Congress, March
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


