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Abstract : In Korea, the Heavy-duty vehicle Emission Simulator(HES) was developed to estimate CO, emissions of
heavy-duty vehicles(HDVs). The HES program is based on vehicle dynamics and uses vehicle parameters to calculate CO,
emissions. The major input variables of HES include the fuel consumption map, aecrodynamic drag coefficient, rolling
resistance coefficient, vehicle weight, and transmission loss maps. In this study, we analyzed the effects of these variables on
the CO, emission of HDVs. The CO; emissions of four HDVs were calculated when the input variables were adjusted within
+20 %. The fuel consumption map had the greatest impact on CO, emissions, while vehicle weight showed the second
greatest impact. We also analyzed the CO, emission changes depending on the vehicle type.
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Table 1 Major input variables of HES

Input variables Unit

Speed [rpm], Torque [Nm],

Fuel consumption map
Fuel rate [kg/h]

Aerod ic dr:
ero ynan'nc ag Coefficient [m?]
coefficient
Rolli ist:
olling res.ls ance Coefficient [N/N]
coefficient
Vehicle weight Weight [kg]

Speed [rpm], Input torque [Nm],

Gearbox loss map Torque loss [Nm]

Speed [rpm], Input torque [Nm],
Axle loss map

Torque loss [Nm]

738 AIASABEAE =22 A30H A9B, 2022

Fo] A5 A Y-S Fg3) o] T COo, viE ol VA=
ggFo] =2 T2 AWM= Table 100 AA]E o] T
Asav)E W U 70719 SHAAEHNEE & E5)
o] ABAHF ARZT FAH o] glom, AT VS
Arksl7] 13k Al Mot 37| A3 E FEA A
T HES Q] 2155 < 8 malo| A] apeke] e 43S 7|
2bsl7] Y8l Abgdn) S xhe] e, SR A g
2 g FEAEY T ko] ARkl oYX an| )
o] ik Zjojutel F EANLS A W50 &
HAGEA S ALtslEd &89, sld 24 3)1Hd
Z9b 918 B0 e B84 Yepdth =y
oM ARAnE W, T7IAE AT 2 TFEAT AT
574 98l o] S-S rgstar k'Y = o
GxF CO, M= TS A, HFAF A ZAR=E AP
of Jolel Al el wpe} 8% s &8sl Co,
W &S ALkl oF g

E AF M= = 5} co, MEF A=
HESE &-8-3}o, HES 2 942 W7K Table 1) CO, i
Zgo v A= WS B4 dld HrES
Lo AFHE S8l SRR 54 expl wet Co,

=
N
off
8
)
N
iy
N
N
i)
o
i
+

gick. web s W7t

2 RAgo A,

4
ol
=
oft
_>:L
O
&
=
x
H
s
>
o

{ Og,
' o
5
o,
|\
ol
Qi
ofo
to

= =4
M % 4v) o] 2 vjolE g 7o
5312 220 % W9l A AR
sl g AT,

2. g7 Y
2.1 HES D272 1R
HESE 20150l 2241 7lidbol| 2F=3}of 20161 o
FH 2= i EH A TE 2017\ ol = A S AL -2 <1n]
AlEdo)ld 23 KEESSF 535 91em,” 20181 ol
= AR Ao SRS 913 GUIZE R E SITE HES
= AFATE Aol nin B4 S Bl =203 A3

7} AR
HESE: A50i8te o)3 Fa4 a3 ule Feag
=48 aeete] AXolA Badt 92 Alksh, oL
Pahe @2 g a3 ot
‘Peng = Pa(x:+ Pslope +Pai7' +PRR+PHU.’1‘
+ P)’i,n ertia, engine + P)’i,nertia, wheel (1)
+ Ploss. gearbox + P/(),s‘&, axle + Ploss. retarder

where, P.,, : engine power (W), P.. : acceleration power



HESE #E¥ jFASale Co, HIS0| IFHE DIAE A e ULHE B4

(W), Pyope : power loss or gain due to road grad (W) P :
power loss due to aerodynamic drag (W), Pgg : power loss
due to rolling resistance (W), P, : power consumption of
auxiliaries (W), Pierigengne : Power loss or gain due to
engine inertia (W), Piueriqwheer © POwer loss or gain due to
wheel inertia (W), Plossgear :
gearbox (W), Pissave : Transmission loss at the axle gear

Transmission loss at the

(W), and Py, retarder - Transmission loss at the retarder (W)
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where, F,; : aerodynamic drag force (N), Cd : aerodynamic
drag coefficient (-), 4 : frontal area (m%), v : vehicle speed
(m/s)

Frp=RRC*m * g ©)
where, Fgg : rolling resistance force (N), RRC : rolling
resistance coefficient (N/N), m : vehicle mass (kg), g :

Gravitational acceleration (m/s”)
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Table 2 Vehicle specifications

Engine Maximum power | Vehicle weight
Truck 1 6.3 L diesel 280 PS 8,300 kg
Truck 2 6.3 L diesel 280 PS 9,800 kg
Truck 3 12.7 L diesel 530 PS 27,500 kg
Bus 12.7 L diesel 440 PS 14,000 kg
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Truck 1: 480 g/km,
Truck 2: 515 g/km,
Truck 3: 939 g/km,
Bus: 649 g/km,

5.45 km/L
5.08 km/L
2.79 km/L
4.03 km/L
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Fig. 2 CO, emission sensitivity analysis result of fuel
consumption map
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Fig. 3 CO, emission sensitivity analysis result of acrodynamic
drag coefficient
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Fig. 4 CO, emission sensitivity analysis result of rolling
resistance coefficient



Sensitivity Analysis of Vehicle Parameters Affecting CO, Emission of Heavy-duty Vehicles Using HES Program

4 3 DA 2 AW
Flg 57k vkt s} o], Fafo] CO, wjE o] 1]
A Be 314 % FEADAFR A ol

Zako] 7].5:&] 5,\43& :rL__

9] CO, WHago] 7F4 #How, 1 th&2F Bus® CO,

ik Ol itk Tl AL AHd s

OM Zo] CO, HlEol v A= Fk
2 Y]}, D}UF THS U2 W gy S

—&— Truckl

@ Truck2
S| —&— Truck3
—v— Bus

CO: emission change rate (%)

-10 1 s 1 s 1 s 1 s 1
-20 -10 0 10 20

Vehicle weight change rate (%)

Fig. 5 CO, emission sensitivity analysis result of vehicle
weight

e}
Z)ojuts e W

35 7lojgA &4 W 24 Hut
B

[§)

—&— Truckl
““““ ®— Truck2
T —&— Truck3
— v Bus

CO: emission change rate (%)

2 1 1 1 1 1
-20 -10 0 10 20

Gearbox loss map change rate (%)

Fig. 6 CO, emission sensitivity analysis result of gearbox
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Table 3 Summary of the sensitivity analysis

Variables CO, emission change rate
Fuel consumption map -20~20 %
Aerodynamic drag coefficient -2.65~2.64 %
Rolling resistance coefficient -2.8~2.72%
Vehicle weight -4.98~5.09 %
Gearbox loss map -0.94~0.93 %
Axle loss map -1.16~1.17 %
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