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A Study on Economic Impact Analysis and Effect of Vehicle Fuel Economy
as Rolling Resistance on Tire Energy Consumption Efficiency Rating

Man Su NOH - Jung Chul KIM - Kyung Wan RHO'

Vehicle Energy Efficiency Center, Korea Energy Agency, 15 Sincheoksandan 3-ro, Deoksan-eup, Jincheon-gun,
Chungcheongbuk-do 27850, Republic of Korea

Abstract : The government has make an effort to promote more high energy efficiency tires to solve problems such as
energy shortage and increasing greenhouse gas emissions. The tire labeling regulation with energy efficiency rating was
introduced in 2012. The market of high energy efficiency tires has been therefore increased more than since the tire
labeling program has been implemented. However, it is necessary to promote much more high energy efficiency tires as
low energy efficiency tires still account for almost half of the tire market. This study shows the vehicle road load results
of tires with different rolling resistance and the results of vehicle fuel economy based on the road load results. The
impact analysis aims to provide consumers with reliable information on the economic effectiveness by using high energy
efficiency tires and to make robust policy for the government.

Key words : Tire Energy Consumption Efficiency(E}o]©] ol L] 2] 4~H] & &), Fuel Economy(ll L %] & &, <14]), Road
Load(*H52} 53] A &), Rolling Resistance Coefficient(E}o] o] 3] 2 A 37| 5=)

Nomenclature L.ME
FC : Fuel Consumption, L/100km AA 13T A FFH2 22 FAGd) &
FE : Fuel Economy, km/L 7 3] S7Fske] 2018 71 <F 1439 TOES
RL : Road Load, N ZEa Yok Selkebs A7 89l el hEH o
RLE : Road Load Energy, kJ YA tan] 2712, AAAZ T o X 46 Ae
RR: Rollmg Re51sFance, N . %}\] Oﬂ Da]—}\é _0_1_7] ‘I’% OH l%oﬂ A _—§_ JJ'E] 7] X}'ZH
RRC : Rolling Resistance Coefficient, N/kN =
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Fig. 1 Market Share of Light duty vehicle Tire
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Table 1 Specifications of test vehicle
Length X Width X Height(mm)| Wheel base | Curb weight
4,855 x 1,865 x 1,475 2.805 mm 1,470 kg
Displacement Mileage Max. Power | Max. Torque
1,999 cc | 80,000 km 168 ps 20.5 kg.m
Tire Tire Pressure Cd A
215/55R17 34 psi 0.3349 2.2007 m’
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Table 2 Specifications of test tires

Grade Maker Model Specification
EFFICIENT GRIP
2 DYEAR 21 R17 98
GOO PERFORMANCE 3/35R17 98W
3 KUMHO SOLUS TA31+ | 215/55R17 94V
4 NEXEN N PRIZ AH5 215/55R17 94H

2.2 Al gl Fhd|
22.1 EIO[0] O{X[AHIEESS
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Fig. 3 Photographs of RR measurement system



Table 3 Specifications of RR tester

Maker MTS
Drum diameter 2,000 mm
Surface width 650 mm
Total indicated run-out tolerance 0.051 mm or less
Surface roughness 6.3 4m
Speed range *5 to £250 km/h
Preferred motor power 75 kW
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Fig. 4 Photographs of RL measurement system
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Table 4 Specifications of RL tester
Maker Infomagix
GPS 100 Hz
Communication TCP/IP
Environmental condition -20t070 C
range 0.0 ~ 500.0 km/h
Speed
accuracy +0.2 km/h
X resolution 1.0 cm
Distance
accuracy *+02. %
Update rate 10ms
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Table 5 Specifications of Chassis Dynamometer

Type 4WD(AVL)
Roll diameter 48 inch(1,219 mm)
Inertia weight reproduction 500 ~5,400 kg
Wheelbase adjustment 1,800 ~ 4,200 mm
Rated output 150 kW
Max speed 200 km/h
Wl &7 A A5 Wl E7hs S Bag 4
sto] CO,, CO, HC WiE7F: 5 (gkm)E 574 5

A2 Ay st

Table 6 Specifications of Emission Measurement System

Gasoline/Diesel Bag Analyzer
Component
CVS(Constant Volume Sampler)

NDIR : CO low 0 - 50ppm ~2,500ppm

NDIR : CO, 0-0.1%~6vol%

FID : THC 0 - 10ppmC~2,500ppmC
CLD : NOx/NO 0 - 10ppm ~1,000ppm
Cutter-FID : CHy 0 - 10ppmC~2,500ppmC
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Fig. 5 Test mode
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Table 7 Test results of Tire RRC
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Grade 2 3 4
#1(N/KN) 7.280 8.400 9.550
#2(N/kN) 7.285 8.480 10.115
#3(N/kN) 7.308 8.475 10.235
#A4(N/KN) 7.308 8.455 9.690

Average(N/kN) 7.295 8.453 9.898
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Fig. 6 Tire RRC average
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Table 8 Test results of Tire RRC after RRC, RL and FE test

Grade 2 3 4
#1(N/kN) 7.260 8.266 9.360
#2(N/kN) 7.215 8.311 9.835
#3(N/kN) 7.355 8.403 9.990
#4(IN/KN) 7.295 8.373 9.535

Average(N/kN) 7.281 8.338 9.680
Difference(%) -0.19 -1.36 -2.20
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Table 9 Test results of RL
Grade 2 3 4
£,N) 117.012 183.940 174.365
£,(N/kph) 1.068 -0.229 0.804
£(N/(kph)?) 0.028 0.037 0.030
A5 FYA T ZAGol A eto]o] RRCE £,9)
T2 FFJIAE RRCoF vl el #A7F d o, Fig. 7

of £AE T ZANE AYAHI o £} 2A
SESITE 355 Eolojuk AR A o] WebA] 955
A 2@ S, v Byl mE ARk 29
7] o2 o )
Fig. 7 RL of test vehicle

AER} FYAG AUAE 7} FYRE S T
Zroll A o] S A 3 o] 5 A g 9] ¥ atol 7|

AHA T FTP-75 A & ol U+ = 4 (2)9F 2o,
HWFET 3 A& olyx= 4 3)7 2h. B3, &5

# FAAG AUAE A @) 2ol At D
(5, ZF<40] 15 km/h 1 9RQI 712 022 A 2] $tth



2477

Bsk)= [ Gt fe ) <k

0

2477 2477 2477
= fo/ Vth + fl f szdt + fz/ VF3dt
0 0 0

=174 x fo+945.0 x f, + 58880.2 x f, (2
65
EHWFET(kJ) = f (f0+f1VH+f2VH2)XVHdt
0
765 765 765
= fo/ VHdt + fl f Vszt + fz/ VH3dt
0 0 0
=234 xfy+ 1174.5 x f; + 68057.1 x 3

Econpined(kJ) = 0.55  Egpp.7s(kJ) + 045 x Egwrer(kJ) (4)

36+ Efolol 9] 7} 455 Efoo] o] fuTh 25
Eoh A 2)~@)E &3l 25w ~45H ElOl
ole] mAl-u&ER -5 FPAE A E ALt
&t Tablel07} 7o] RRC} H] el 8to] = 2] 3} of
YA 7} 2bo] 7 QL3-S #1138 5= otk weka] $A
B A T AT AHEAF An] Aol &8

[
T ATHE Zlo] ASH AT
Table 10 RLE
Grade 2 B 4
FTP-75(k]) 4,678.772 5,155.824 5,571.019
HWEFET(]) 6,429.744 6,809.969 7,293.135
Combined(k]) 5,466.710 5,900.189 6,345.971
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Table 11 Test results of FE and CO, emission

Grade 2 3 4
RRC 5.960 7.295 9.898
FEprp.75(km/L) 12.899 12.777 12.393
FEpwrer(km/L) 19.824 19.026 17.908
FE Combined(km/L) 15.305 14.993 14.387
COsprp.75(g/km) 170.538 174.836 177.563
COsnwrer(g/km) 111.309 117.729 123.274
COscombined(g/km) 143.885 149.138 153.133
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FEciy = 1/(0.007639 + (1.1886/FErre7s)  (5)

FEhighway = 1/(0.004425 + (1.3425/FEwrer))  (6)
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Table 12 5-cycle adjusted FE
Grade 2 3 4
RRC 5.960 7.295 9.898
City(km/L) 10.022 9.934 9.658
Highway(km/L) 13.861 13.336 12.596
Combined(km/L) 11.449 11.222 10.790
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Fig. 8 Comparison of 5-cycle adjusted FE

25F~45 Bholo] HE EANT nEE o
A 253} Au] 2ol 7} Zieh. 12) 31 Efo]o] RRCS
mE A} dnlE AP A A Bych o] B
Bato] 157 Elolole] B4 & ER B ]S
o313



3.2 dist 24

A AR IS Ars}sty] 9]8ko] Bfo]o] RRCOI| wh
& =4S e 259 A8 S Fig 99} 7ol Al d
olElE wtgoz AYstsisitt. HiolE 7} Ao &
AEA B E Al Fel7t A& Ao Bl
ol E&THE AEA Av] WMt P oldet
= %@% %S’iﬂ}.
; y=-0.4869x + 17.4257 .
" y=-0.2548x + 13.331
10 Y mmmmene o T T T e ————

y=-0.142x+11.084

©
5 A

7 8
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Table 13 Expected Fuel Economy

Grade 1 2 3 4
RRC(x) 6 7.25 8.5 9.9
FEciy(km/L) 10.232 10.055 9.877 9.679
Difference(%) 5.7 3.9 2.1 -
FEpignekm/L) | 14.505 | 13.896 | 13.288 | 12.606
Difference(%) 15.1 10.2 5.4 -
FEcombined(km/L) | 11.803 11.484 11.166 10.809
Difference(%) 9.2 6.2 3.3 -
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Table 14 Expected Economic effectiveness

Grade 1 2 3 4
13—7}75(" A/ 109 101 93 85
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