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<SUMMARY>

—

. Development of break-in standard test mode(plan)

Identify the test mode related to break-in

Identify the key factors related to break-in

Analyze effects of key factors

Derive the following conclusions for actual break-in standard mode and
operation plan

2. Development of road load standard measurement method and integrated
measur ing program for road load

- Develop the standard measurement procedures of road load

- Analyze impact of road load test conditions

Purpose & - Develop the tolerance estimation standards of road load
Contents ,
- Develop the integrated measuring program for road load
3. Study of correlation management plan between domestic fuel economy testing laboratories
- Perform the council between fuel testing laboratories and carry out the
correlation test
- Analyze impact of fuel economy test conditions
- Improve correlation test method and criterion(plan)
4. Study of improvement for fuel efficiency system
- Analyze fuel mileage system of domestic(oversea) passenger vehicle/large
vehicle and prepare improvement(plan)
- Improve joint administrative rule amendments on the basis of this research project
1. Development of break-in standard test mode(plan)
- Select the break-in vehicle and set-up key factor(test site, test mode,
accumulated mileage, etc.) and perform the break-in test
- Measure the vehicle loss on a chassis dynamometer in 2 ways to analyze the
effects of key factors
- Effect of resistance of Vehicle loss appeared up to 6,500km. However effect
was not appeared according to additional break-in from 6,500km to 10,000km
- As a result of Z-score investigation based on [S0-13528, mechanical drag
reduction according to test mode and test site do not reveal meaningful
differences to |Z| <2 level
- For efficient perform within a set period of expost investigation of fuel
efficiency, select the C mode to standard mode because it takes less time for
Results

target break-in traveling distance

2. Development of road load standard measurement method and integrated
measur ing program for road load

—-Research trend road load test and improve 4 steps measurement standards
procedures of road load(preparing vehicle and equipment installation step,
warm up step, measurement test step, result value calculation step)

-Apply 5 criterion to calculate road load tolerance and derive a constant of
road load coefficient

-Grasp effective factors that influence on road load(road condition, local
flatness and grade change, break-in condition, steering system operation by
driver, etc.)

-Road load test site is only effective factor that effect on road load and

_4_



other factors have small difference no more than 5%

-Develop the integrated measuring program for road load and implement road

load test by domestic(oversea) regulation and analysis method

3. Study of correlation management plan between domestic fuel economy testing

laboratories

- Perform round-robin test according to council between fuel testing

laboratories

- Analyze effect of fuel economy test conditions of gasoline vehicle and
diesel vehicle : battery charging status, cooling fan air flow, laboratory
temperature, drive trace-ability

- Early SOC condition and drive trace-ability effect on fuel efficiency and

effects of cooling fan air flow and laboratory temperature are minor on fuel

efficiency

- For the correlation test, all test laboratories carry out the experiments in

the same condition of prior consultation with everyone concerned.(Early SOC

condition, using same batch fuel, the test vehicle that had break-in test over

6,500km, etc.)

- Determine correlation test criterion measure(CVS-75:basic Z-socre, compared

to the average min/max 5%, HWFET: after CV analysis about 3 test result of

each test labs, take average and use it to one date if CV<3%. Suggest basic

Z-score about 6 data and reference point compared to the average min/max 5%)

4. Study of improvement for fuel efficiency system

- Develope the vehicle following-up management test measure improvement(plan)

- Road load tolerance : In case of final calculated energy, calculate to

nearest integer and compare with this result. |f the difference is within 15%,

allow road load value presented by company.

- Break in test vehicle : select "C mode" to standard mode for cost and

efficiency

- Correlation test method : test laboratory temperature(keep temperature at

25+2° C before the test and at 25+3° C during the test), measuring equipment

(drive on a chassis dynamometer 80km/h for 30 minutes without the test

vehicle), drive plan(FTP-75 1 time, HWFET 3 times)

- Derive the following conclusions for joint administrative rule amendments on
the basis of this research project and develop the fuel economy correlation
measurement method

Expected
Contribution

1. By performing a development of fuel economy test system, systematic
creation, and standard test mode development, provide feasibility evidence
and based data provision on domestic fuel economy standard and evaluation
process

2. Take advantage of the gaps in the implementation of the joint
administrative rule announced fuel economy standards to be identified in
advance and implemented a reliable government policy complements

3. Prepared based on objective and reliable follow-up fuel so that the fuel
can be induced to provide accurate and reliable information about the
vehicle manufacturer for Consumer Protection

Keywords

Fuel Efficiency | Break-in Road Load |Correlation Test|Joint administrative rule
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[28 15] Worldwide harmonized Light-duty Test Cycle(WLTC)

[ 4] NEDC, WLTC RE=E4 Hlu

NEDC WLTC
Length(s) 1,220 1,800
Length(km) 11.06 23.26
Idle time (%) 33 13
Vmax(kph) 120 131.6
Vavg(kph) 31.6 46.3
Accel.max(m/sec2) 1 1.6
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FTP-75 HWFET SCO03 US06
Length(s) 1,874 765 598 596
Length(km) 17.77 16.5 3.58 12.86
Vmax(kph) 91.2 96.4 88 129
Vavg(kph) 34.2 7.7 34.9 7.2
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[Z29 19] Japan 11 Mode cold cycle

Japan 10-15 Exhaust Emission & Fuel Economy Driving Schedule

Duration 892 s - Distance 6,34 km - Average Speed 25,61 km/h

(Preceeded by 15 min warm-up at 60 km/h, idie test. 5 min warm-up at 60 km/h)
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[29 21] Japan JCO08 Cycle

[ 6] dE 3 R=EA v
11 mode 10-15 mode JCO8
Length(s) 480 660 1205
Length(km) 4.084 4.16 8.2
Vmax(kph) 60 70 80
Vavg(kph) 30.6 22.7 24.4
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[Excevpl, TNO Scionce and industry (2006)]

A short reviiew of relevant itorature has rovealed the range of the CO. reduction potential of enargy offickent tyres
but also some other Interesting isswes as well Table 51 summarses the reduction potential retrieved from various
biblographic sources. The Mirst remark that can be made on these data ks that there is an evident Incomistoncy on
what it conuidered low fnction tyre This was expected due o the lack of specific definition of low rolling resislance
tyres (LRAT) Two mafor approaches sre distinguished, reduction potential expressed with regard to a certain roll-
g resiktance decrease (usually 1) or expredsed In relation 1o the generaised idea of a low rofling resistance
tyre It i estmated that the second equals appraximately a 20% reduction of the reststance factor. Additionally, 2
clear difference i observed between alder estimates [IEA 1993 ] and newer ones. This difference reveals the slore-
mentioned technological improvements that were achieved during the (ast decade. Finally it must be commented
that there s no referenced methodology on wiich these estimates were based Due to the lack of a predefined
protocol, most of them afe based esther on measurements that wene conducted under different conditions of on
calculations that adopted different assumptions. Therefore the présentad numbars cannot be dinectly compansd
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4 fFEetA AAEH AUS. ool Al=Ee Ag, 24712 AYHE A& AFeE A
H 7] Eo] 24712 HjE 7]Fe) vl8l] tha ks, 20161 83 2 HEHo A9 Av] H o]
ek s 2= 7247 35.5mpg, 250 g/mileE A A EH AL

[ 9] dn7lE 24 Al 2472 Wi & (F9 @ g/mile)
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2 3 ole B} A3H dn FAS B8 AA & A% 27.5mpg, EYO 22mpge] BT
£ 20203 7bA] 35 mpg= N A9, sl 29k wjEol st ArE A o 3
g dgstH, 71& AFe AxE AT As ST

[ 10] o) m= PAR] AulFa FH v@

=i 1

5% (3H) Al 7] 7k

&

1975 oy AAH =2 FHeby AA, 7EHTA
H] 2<1]J£(CAFE) =9

109 W A% 2gke Oﬂ”]‘—% HAHOZ 27.5mpg
2 _‘ch_cp_pl )ﬂﬂ/‘wﬁ A_q

Aol A(F3E) | 1981~1989 | 1986 AAu]7]FE 26mpgE 1k

¥e(F39) 1974~1977

HH (A5 1977~ 1981

FAI T (83 | 1989~1993 | v]7]&S 1985 43¢ 27.5mpgR Ak

AESIA

AgEee] sz A4 24

Ha =t} —~
Z/R(NFT) | 1993~2001 o} uA|A=E o] gEoz

-0 2
r e

2007 & 20209747 @AM 7)EEE 3SmpgR EO
BADEE | 2001~2009 | Acka 23
2008 49 2011~2015MY Su]qrA] Z<oF &g

2009 59 M 7]ES 20163717 35.5mpeE =

evplazd) [ 20— | DO LY

(W) CAFE (Corporate Average Fuel Economy) A%

v AYARANM= 12 L3 E AlZIZ 1975d 9 Energy Policy and Conservation Act of
197590 2] Ast &3t Ui 719dH F A8l (CAFE) Al =5 A, o] Alxs 54 #
2k AzGA A Al AAEE S8 B ARIE AISHE WA O E vl A 1 O o]
dS BulE A zAbe] AEEHH, AVHA ) 1& ' QS AME 23 Hoe AHIE ARS
S 197TTAEREHE A diido] -8kl A 8500 Ibs (3856 kg) ©l3te] 4 EE (LDT : Light Duty
Truck) o2 gigion, 74 M= YO= oS5 yold ZAoR oiH.
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g 2E3 SA0) AZAATE U729 e FolaA s Xt B BN BHS X
g}

AFa AzAH(EE FAGAE d v= Yol A 272 Busts s&xe FRs Ege
of i3, CAFE 71=dH] 714 Awjo<= 7t 3P AAnDE REE3s)ofF shH, 2+ A+e] CAFE
AHl7} CAFE 712& wgshs A fols HaS Fastsd, 352 71 Hvdv 7= =
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AE ALY oju] o d ARE Al e ARl Blud 43 Fxta & 5 s

=2 oA ™ HlwA Anl Al Astel] &A=l on, 2000l FEH | thek AR Tf
AL A2k Astasfgon, 201195+ /HA 8 CAFE 740 wet A0 2 8419 HEY
(At T 4,536 kg olste] EY) E5Fo ik An] Al RS GAZCE FEd o o)
0, [ 1113 Ze] 20200l s8xtet FEY BF9o FAHE 35.0 mpg (T<= 4+ 14.8 kn/L)
A FEA 71 =5 AFstal A%+

[ 11] vl Avj7]&X]9] Fo] (129 o] F&= ¢/
(F - mpg)

2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016
S8 | 275 | 275 | 275 | 27.5 | 30.2 | 33.6 | 34.4 | 35.2 | 36.4 | 38.0

A2PE" | 225 | 225 | 23.1 | 235 | 24.1 | 25.0 | 256 | 26.2 | 27.1 | 28.3

o A - - - - 27.3 | 29.8 | 30.6 | 31.4 | 32.6 | 34.1

¥ a1 38.0mpg = 16.2km/L, 28.3 mpg = 12.0km/L, 34.1 mpg = 14.5 km/L

[ 12] 7Z3}9 w= CAFE 7|& B+ ¥

(c+¢] mpg)
T = Passenger Light Truck Combined
2009 27.5 23.1
MY2010 27.5 23.5 25.5
MY?2015 35.7 28.6 31.6
2016 74 39.0 30.0 35.5

Zel 20099 59 owbvl AR E §5 AsE dnl FAE Adstgon] 1 $A e [E 1319
@ol sg3te} HET pg (R g4k 15,0 kn/L)2 7] £t} 283
1, ol% AT %

CAFE®] H] 7|&2 A xAke 25l SA S 1dste] A= A=A we}, AAI= A9
Footprint (& H] o] 2 (70l 247 2] "ol (7)€ =3 w0l wet vd=A 734,

Target (mpg)

Footprint (sf) Footprint (sf)

(a) Passenger cars (b) Light trucks
(13 35] w]= CAFE x}% Footprinte]] w& n¥] % X
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38t

36+

341+

32+

—s— BMW

—es— Volkswagen
—a— Hyundai
—v— Honda

. || ISP 1 - by SRRR— e —g— Chrysler
—+— Ford

—o— Mercedes
—&— Target Aver.

2010 2011 2012 2013 2014 2015 2016
Model Year

(1% 36] &4 HdAE @4 =%

Fuel Economy (mpg)

26+

[ 13] Rquired CAFE Levels (mpg) for Passenger Cars (&3 : CAFE)

Manufacturer MY2011 MY2012 MY2013 MY2014 MY2015
BMW 33.3 35.0 36.0 36.8 37.7
Chrysler 28.7 29.3 32.2 32.6 33.6
Ferrari 30.4 32.0 33.1 33.9 34.9
Ford 31.0 32.7 33.7 34.5 35.5
Fuji (Subaru) 36.9 38.7 39.6 40.1 40.8
General Motors 30.0 31.7 32.8 33.7 34.7
Honda 32.1 33.8 34.8 35.5 36.4
Hyundai 33.4 35.1 36.0 36.7 37.5
Lotus 38.1 40.0 40.8 41.2 41.7
Maserati 28.9 30.6 31.8 32.8 34.0
Mercedes 31.7 33.3 34.4 35.3 36.2
Mitsubishi 33.0 35.1 35.9 37.0 37.9
Nissan 31.2 33.2 34.2 35.0 35.9
Porsche 37.6 39.4 40.3 40.7 41.3
Suzuki 37.3 39.2 40.1 40.6 41.2
Toyota 30.1 31.5 32.7 33.6 34.6
Volkswagen 35.4 37.2 38.2 38.8 39.5

Total/Average 31.2 32.8 34.0 34.8 35.7

(D Reformed CAFE

DOT<} NHTSA (W]=r==2 0 5 <Hd =, National Highway Traffic Safety Administration)oll A+

HJEZ tigk CAFE AE=E A3% =4, Model year 2008 ~ 2011¢] 74 E# (Light trucks)el
o3k CAFE 71&2 7Zskgh F=7]17kQ1 20081 ~ 2011l sl A&=F A2 A= A E %
(Reformed CAFE)o| Al A A= CAFE 7% == 7]Z W (Unreformed CAFE)o| A A A= 71&
of mpefof & ol= Aps Ak A ZAY T 7] #o] Reformed CAFE 7]&9] Aldidl & AdS 5
Hstrz] 913 Ao EA 2011d0d= 2 AsAk AZALE o] 7Es wetok &

Pz

o

Reformed CAFE= 71201 AA A At ol AL E FH2] 85001bs o]ste] FEH
ol 41 10,000 1bs o]sle] HEH o2 S o, Fstd CAFE o= <13) 2008 ~ 201137}
A oF 789 A# 9 “v"rﬂ Hofd Ao 7 st g

RUSEY &=

[¢]

A



(¥ 14] FE9 (Light trucks)ol| i3t Footprint & T+

Category 1 2 3 4 5 6
Footprint T 43 ft? T AT ft? T 52 ft? T 56.5 ft? T 65 ft? T 65 ft?
(ft*/m?) 73.99m? | T4.37m? | T4.83m? | T525m® | T6.04m°® | T6.04m?
=2 Small . Small . . Largest
2} SUV Mid-size Pickup Mini Vans | Full-size Pickup

Y

o] 7L T2 AFsE AFt= A S =, Footprintg 7|E o= g AH] 1A %4

E eke mle A GAle A oe®E fE8d ol

H| B3F0] AAHE 2024, Footprint7} 2t HEH &

A, w3 A2V 7| GG HF A vl = 2+ Footprintol| A1 9] 2

of o3 T2l o&) 7tEH. webA 2 AxAbe 2 A4 BERE ] thste] T s
HE 713,

Unreformed CAFE 7]2-& MY2008¢ 22.5mpg, MY2009¢] 23.1mpg, MY2010¢] 23.5 mpg<l.
Reformed CAFEZ9] HolZ 93l o|& Wdx9| Reformed CAFEZ} AAEHH, T 3 dx]
Reformed CAFE®} Unreformed CAFE 7|0l whE A AFgalo] A% wlgo] gk L3t
A", MY2011e] tiste] Reformed CAFE 7]&-2 Net benefit-& FHuUjgsi= ddE= HAAH.
Net benefite= 7= Lo W& FEY 7149 A<, vl T4, AHF A 78 8d0& 283
BE 7IES 713 834, BAA 4843, 1 Y A 55 1Hste A vbed R

A= HAHo=z AAHE Reformed CAFE 7]&& [E 1619 2L

e
o f

o rlo
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[ 15] AEZo| tig Footprintd w] 7]&

1 2 3 4 5 6

Footprint .
(f*/m?) ~43.0 ft° ~47.0 ~52.0 ~56.5 ~65.0 65.0~
~3.99 m’ ~4.37 ~4.83 ~5.25 ~6.04 6.04~

2008MY 26.8 25.6 223 22.2 20.7 204

2009MY 27.4 25.6 235 229 21.0 21.0

2010MY 27.8 26.4 24.0 229 21.6 20.8

2011IMY 28.4 27.0 245 233 21.7 2102

[ 16] Reformed CAFE®} Unreformed CAFE H] 1

Category 1 2 3 4
Unreformed CAFE 22.5 mpg 23.1 mpg 23.5 mpg -
Reformed CAFE 22.7 mpg 23.4 mpg 23.7 mpg 24.0 mpg

@ Proposed CAFE

NHTSA-S- 20083 4€¥ 229 US.’s celebration of Earth Dayel]l 23] & t] 7}3-3¥ Proposed
CAFEE A|¢+gh Proposed CAFEE A|<Fgk v 7d ol = The Energy Independence and Security Act
of 2007 (EISA)7} Qd+=Hl, o] Zd&+= NHTSAZ} 202037} &AA] thv] <F 40 %7} =2 35mpg
+9 CAFEE AH&3t7|& a7sta e, olxd CAFEd+ =3 A k™ work trucksd
heavy-duty trucksel]l thg+ @Au]74 3} renewable fuel AHE Zthel &3 &S G UL



Proposed CAFEE= 7€, 444, t&
Hato] A Hom, AnriE AL B
AbsteE A RS PCS non-PCE WUrlow, Faz o= Ad thvl 45% 7HF S7tete &
713,

NHTSAE= PC¢} non-PCe] H+ CAFE standardE A3l 2020 @714 o] A& 35mp
Lol&d AdolH, H CAFE standarde= 253 g4glo] 18 AnFAFS o]
Ao R oig. o] Ate] CAFE PCE 257] 984+ 162 2d, non-PC 7]&
A 3lx 287 B AR Aq4dsta o, Astd S E I8 mid 54.7x AP A
5 A7y 521 billion metric tonse] CO, AZE 7|dsta L.
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[ 17] Estimate CAFE Standards by Vehicle Category

MY PC non-PC Combined Averages*
2011 31.2 mpg 25.0 mpg 27.8 mpg
2012 32.8 mpg 26.4 mpg 29.2 mpg
2013 34.0 mpg 27.8 mpg 30.5 mpg
2014 34.8 mpg 28.2 mpg 31.0 mpg
2015 35.7 mpg 28.6 mpg 31.6 mpg

* Combined mpg is based on each manufacturer meeting their minimum CAFE obligations

(th CARB (California Air Resources Board) A=

A xYolo = Fo| 43S w#sle] CAFESE B2 2 224712 (GHG) 7AAH S A3
Z<%. 2004'@ CARB (California Air Resources Board)+= Chapter 200, Statutes of 2002 (AB
(Assembly Bill) 1493, Pavley)ol] o] Aste] &27Fx~ A4S 93 WS EFA A, o HAS
Passenger car (PC)¢} Light duty truck (LDT)ell th3al 2009d H-E A= o] gk AF oA vl =
= 247l2~+= CO, , CH4, N20, HFCS To.= <z UlFoi Enl olye} glo]oje} 2
BFoME WAyt AB 1493 A2 ol# g gt viEEES [ 1919 2 A
Abg-stel CO, 2 34kt & 3hake F vl &3 (CO, equivalent emission standards)S Al 3}
WAlg o] &stal low, Zhzto] AA| sk Ml [ 18] 2. CO, Bt mlEF2 AI7HA]
to} a&Reo] wjEFFo] sl CAFES} w7t A= 242y 55 %, 45 %7t 7he5 o 4bE.

AB 1493 #+A& o] Ast= CO, wWE#F2 Anle= v stERE AB 1493 A4S 459 A
FAZE H7HeE = 9lov, [& 2119049 o] MY2009\d F-E] MY20167HA) %83 + 4 EY
o|4tstek A W& 36.5% A7, AHIE A A 57.6%2] ALERE JHA L A=Y ERE A

o &3t S+

bl o B>

[3 18] CARBY =7] A< 7IsA

Greenhouse Gas Compound Global Warming Potential
Carbon Dioxide 1
Methane 23
Nitrous Oxide 296
HFC 134a 1300
HFC 152a 120




CARB| M= AelZ ol Z ol A il
5F9 eAzts 5F ghue pES

3t A T o} FoAE 19989 R W T RE Algs] oW 7]Z¢] Smog Index Label g A

=

[ 19] CARBY]

271 A 7tEAS

GHG emission Compound Rate (CO? equiv., | Calculated Share (%

g/mile) Total)

COs emissions resulting directly from 291 ~ 512 929% ~ 959

the operation of the vehicle © ©

CH, emissions resulting directly from ~

the4 operation of the Veghicle Y 0.1 0.02 % 0.03 %

NoO emissions resulting directl ~

fr%)m the operation of ﬁle Vehicyle 1.8 0.3 % 0.6 %

CO, emissions resulting. from ~

opérating the air condi%ioning system 13.5 19.0 4 %

Refrigerant emissions from the air ~

condlgtioning system 8.5 2 % 3 %

[3& 20] CARBS] AB 1493 4

Tior Vear COs equivalent emission standards (g/km)
PC/LDT1 LDT2
2009 201 273
2010 187 261
Near-term
2011 165 242
2012 145 224
2013 141 221
2014 138 218
Mid-term
2015 132 212
2016 127 206
(3 21] CARBS] 247k 74 81 CO, oF Anl &b
PC+ LDT1( ~ 1701 kg) LDT2 (1701 ~ 3856 kg)
M COg (g/mile) AH] (km/L) CO; (g/mile) AH] (km/L)
2009 323 11.6 439 8.5
2010 301 12.5 420 9.0
2011 267 14.1 390 9.6
2012 233 16.1 361 10.4
2013 227 16.6 355 10.6
2014 222 17.0 350 10.7
2015 213 17.7 341 11.0
2016 205 18.3 332 11.3
CO, A& 36.5 % 24.4 %
AH] FEE 57.6 % 32.2 %

o3}l 7hzol thE RS £33 $7 4% (Environmental performance) P82 7| s AB



off

1229¢] Health & Safety Code 43200.1¢ 2005d F7}sll<. @744 5ehE2 20099 Zdd =5 H
AgHglon, gt deEjel FolA s BE S8, AFFFE 85001bs ol
o] HEH, A#FEFF7F 10000 1bs ©]5te] F& 582 (Medium duty passenger vehicles)¥d.

(

@) dFAFo 7] Anl 2@ 24712(CO, , CH4, N2O)Hi&=F Al

EPA¢} NHTSA (National Highway Traffic Safety Administration)2 2017~2025 light-duty =}=F
S tiAt o 2 National Programe 733712 Z2A. 9 T2 73S Ha)] 2471~ A7
A5 A% ol 7] fEY. EPAE 24712 #lE A& Clean Air Actell A3t =
Q, NHTSA+= CAFE (Corporate Average Fuel Economy) 7+#|& Energy Policy and Conservation
Act <A dtoll AA %

EPAS] 24712~ A= MY 2017~2025¢] PC (Passenger Car), light-duty truck %
medium-duty passenger vehicles thi oz g5, 24712 A4 8 2L 24712~ A o] &
2 Axel HT g of=%thd 2025 average industry fleet-wide 7] 163 grams/mile (1
7B 3 54.5 mpg (miles per gallon)oll “+-8-3t= Fx)o] 714, Light-duty vehicle2 @A U.S
JJ_%JJr Add MF AHEF F GHG WMiE%9 60 % 5= AA st 7] wiEel light-duty
vehicles SO =2 A7} 73hE.

EPA: light truck®} x}&Fol] tidt fleet-wide B CO, HIEH FAI=S - TA e
CO, H&=<] footprint curveE 7|02 3dlal JJom, ol wrel z} x}%toﬂ s 2 v
CO, footprint curve(@u¥rz o 2 2pgke] H7]1¢ AT BAESE 71A)E 2ASA o]d A3t
T+ CO, WMEF A Fo] 2Ad. dik¥oz ¢ &2 359 CO footprint curveZ
7HA &= Aol disl] 6 =2 5 sidsts CO, HlESHAIX7F &85, o] we}, 7+ 2}FA|
zYgA4E A= S 133 179 fleet-wide FAX S X—i%‘ﬂ:‘% F7H2 o=, EPAY
GHG Z =19 & AFA2GAte Zstd A4 55 98] b3k Al =(Credit program 2 7

Ae fo 5T =9 A,

L re

[3F 22] A= Fleet-wide 71+ CO, 44 WiE+E

Table 1 - Projected Fleet-Wide Emissions Compliance Targets under the Footprint-Based
qu:standam (g/mi) and Corresponding Fuel Economy (mpg)

2016

hane 2017 20138 2019 2020 2021 2022 2023 2024 2025

Passenger Cars (g/mi) | 225 | 212 | 202 191 182 172 164 157 150 143

Lighit Trucks (g/mi) 298 | 295 | 285 | 277 | 269 | 249 | 237 | 225 | 214 | 203
Combined Cars &
¢ : 250 | 243 | 232 | 222 | 213 | 199 | 190 | 180 | 171 | 163
rucks (g/mi)
St & 355 | 366 | 38.3 | 40.0 | 41.7 | 447 | 46.8 | 494 | 520 | 545
Trucks (mpg)

MY 2017-2025 7|=o =2 zt&Fe] CO, wWiE = g wA7F ZAstge] w2t 20173 2
20253 7] 242y 212 9 143 grams per mile, truckel] thgk 295 2 203 grams per mile,
light vehicle(car % truck) 243 2 163 grams per mileZ 742 HAO=Z o33 163 grams per
miles g A7 A% 4TS 1#H3H 54.5 miles per gallonol] 483t =39,



2 e

(@) A% light duty x}=Fe] CO, Wi Z4

(b) d=49 light duty trucke] CO, vi&% A

(19 37] d=2E CO, W% Al

(28 37]9] ()= A= 2A CO, footprint 43S YeEFNH CO, ¢ footprint =A1-& 117
1 CO, o B¢ WZE $F& MY 2016-2025 717t B2 72+ a9 A= 5% fFslE 202
28 Aog AAFE. [119 3719 (b= light-duty truckel] tha =¥ A4 CO, footprint 7
< YeldH CO, 9| footprint 344 2 light-duty trucke] CO, ®&F AS A% 7|e+F

13 CO, o B W& FFL light-duty &3 2] MY 2017~2021 713+ B¢+ 7+ 33
54 35 %, MY 2022~2025 7]%F &+ 24 G AEE 5% TFoE FAE AR qi
A Tier 30 8% 247k ME7]EL offollA AW Ae|xyol Fo] 247k A

=
s FUI.

ru[o od o roi'

2

(nh) A EYol F9] 247] 24742(CO, , CH4, N20O)WEF A

2009\ #-E 201617k 2472~ Hﬂg?rxﬂ A-E2E AZAZY Bujdte BE A ES °
2 719B8daS AT 20179 RE 20257 A &= A S JHH e e 8rE S AA
3t91 2w Footprint 7'd-& 283t 2 7tE|aE <A AFH 7ES AT [# 2312
2009 F-E] 2016W@7kA] 247t~ 7198+ WlE7]ES YER I 9o, [ 24]= Footprint
41ft2 o]s} % 56ft2 23} & 247l JdHF wE/IES e S



[ 23] 20093 F-B] 2016137k 247k~

W E71E
FLEET AYERAGE GREENHOUSE GAS
EXHAUST MASS EMISSION REQUIREMENTS FOR
PASSENGER CAR, LIGHT-DUTY TRUCK, AND MEDIUM-
DUTY PASSENGER VEHICLE WEIGHT CLASSES'
4,000 mile Durability vehicle Basis)
Fleet Average Greenhouse Gas Emissions
Mode! Year
{grams per mile GO z-equivaier)
All PCs, LOTs
LDTs 0-3750 Ibs. 3757 Ihs. LW - 8500
Ly ibs. GV, MDPVs

2008 323 439

2010 301 420

2011 267 390

2012 233 361

2013 227 355

2014 222 350

2015 213 341

2016+ 205 332

[ 24] 2017d 55 2025\ o] F7tA 247t wj&7]&(PCs)

CO; Target Value CO, Target valle
Modie! Year (grams/mile) Model Year (grams/mile)
2017 185.0 2017 2630
2018 185.0 2018 250.0
2019 175.0 2019 238.0
2020 166.0 2020 2260
2021 157.0 2021 215.0
2022 150.0 2022 205.0
2023 143.0 2023 196.0
2025 137.0 2025 188.0
2025 and subseguent 131.0 2023 and subseguert 175.0
(a) Footprint 41ft> o]} (b) Footprint 56ft> =3}
Footprint 41ft2% 3} 2 56ft20]3} AFe thga & F4o0= wjZE/1%S A3
Modie! year a b
2017 ¥.53 8.3
2018 ¥.35 6.5
2018 pa7 o |2
2020 ¥.01 1.8
I 2021 3.84 104
Target gCOzmile=[ax 1+ b . I P
Where: fis the wvehicle footprint and 2023 3.54 H1.8
coefficients & and b are selected from the following table for the o024 34 Lo 5
applicable model year.
2025 and 326 p32
subsequent

(29 38] Footprint 41ft2z=3} 2 56ft20]s} 2}aFe] wjEr]FE 4AH&2)

T3 20173 RH= 78 24712¢0 N209F CHA v ZF s AT A4 d. aldAEY N20=
FTP-75 A=zt 71 0.010g/mi(PC, LDT, MDT)& Z3#381A] ¢Fotof stal CH4= 0.030g/mig =3}
SHA] grotof 3 N20 ¥ CH4 &3 5tAl= FTP-759F HWFET modee] A zk& &3t 7193
T N20+= 2987HA] CH4= 257bA) 8184, A= 471 5 7-A ¥R T stuE Addste =




7)ol H-3tafoF .

Q) FHIFE
b s&AF2e] CO, % oAiAaHIES A7 AE

20094 4¢ 23¥ 9 ®3rE EC Directive 443/2009+= Light Duty z}&2] CO, =S 913 5%
Y3t ge. 201290 120g/kmE B2 20159 714 oS %9} ¥
T AEa Zled o7 A= F3xk= 130g/kmelH AR E= B 7
10g/kmol| =l 33t

9 EAoAE F3xe G4 fste] B Ao
ALEFe- Fleet B4 7|#0 2 3sta, 71g +e 4 .

Al ZFALe] Fleet o228 120g/km 2tgo] 2t 7 3 A=
o, CO, rAIE AAsHA X3 7142 54 WdE =

=3 JAAR Ve gAdEAES X

o =
S udte] 9HgkmE ZRE st 1S,

5 )

: ACEA Start Loval 1995 (186g)
ACEA Fleat actualy achieved in 2002 {162a)
COM Monilering 004 [

- AGEA Commitms 2008 (140g)
- ACEA Float actualy achieved in 2008 (153)
ACER Fleot actually achiaved in 2008 (145g)

[6CO/km)

A
g
¢
D:
=
F
~ G: COM Pass. Gar Flasi Targst for 2012 (130g)
2 O[Q HOverall EU CO, Targat for 2012 (1209)°
E LG @ I+ £ Targst for 2020 (350)
151 ~. 3 | 4:EP Targat for 2025 (7og) ™

=

5 Dt

Gasoline o [re/100km]
&
‘ »
Diesel & [hr/10okm]

m
&
|
@
8
|

= P&
1
1

[s] 34— 32—
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7l
 Ta be schieved by: 130 ies a0 10g fram messures
 Desision for final 2025- Tarael will be mads the lateet in 2018 ster COM costbenslit impact assesament
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5 95 2000 2005 2010 2015 2020 2025

Reduction of CO.-Emissions from the New Passenger Car Fleet in the EU
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Footprint¢} 2-&)& FeelEl S 7wtz & H e 47|3te] B71E 71eES 37 $18h
Z a3 COM2 2014714 HlolE 9] o] 87tsde AESI o 7Hssitty EPS; &3] oA
FEHE 24 A &S AR ALHE A=S A
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7 o] SETE thgel 2o mweha A

(32 25] A|ZAE Bwjsts 5-84Fe] SET o FHl&

Year % of manufacturer's car fleet which has to meet the target
2012 65
2013 75
2014 80
as of 2015 100




SET=130+a(M-M0)[gCO, /km]

o 71 A, 2012-2015: a=0.0457; M=A| AL 252} fleete] H %

2Hkgl, M0=1,327kg
2016°]% : a=0.0457; M=A|ZtAL] A}-52} fleete] H %

2Hkgl: M0=1,392.4kg

EU-Philosophy of SET-Determination for the 2012 CO,-Target

SET T
[gCOx'km]

EU Average 160

n2006 0T l o
ine | —
[
EU Target 1306 / }60"/}1 00%
for 2012 Line C /
:..-;"_/"___ Manufacturer Y

Line A: EU Car Fleet
Line B: Assumed EU
Line C: Political Targs

Distribution in 2006
Car Fleet Distributio
1t for EU Car Fleet in

n in2012

Manufacturer X 2012

1,372
EU Average

—b>
Vehicle Mass [kg]
in 2006

[ 40] == Set & I8i=

1 2= line Ae 20068 =<¢ AA #A-s= CO,

= 13

& BZXE HoZE line AE line
B(2012) 29} H3Y, AHX Al +HOZ line Be 71 €717} 100%9 4 60%2 +HE AL line C
E U, mabA AZA X0 & SETE 7R A H92 AZAF Y= e SETE E53) o 3}
= A4

b 23 wE7ks =
ghof SETell A A
kg

a

]

=3

S

s

i
C

o el3ke] WdE & F

[ 26] =3 W&V ZEu|d ALk

The average specific emissions
(ASE) of CO; exceed the specific
emission target (SET) by...
gCOykm

Calculation of the
Excess Emissions — Premium
(EEP)

From 2012 until 2018

more than 3

EEP [€] = [(EE -3 gCO»/km) x 95€ per gCO«km + 1 gCO/km
X 25€ per gCOs/km + 1gCO/km x 15€ per gCOo/km
+ 1 gCO«km x 5€ per gCOxKmM] x N

more than 2 but less than 3

EEP [€] = [([EE-2 gCOxkm) x 25€ per gCOo/km + 1gCO2 x 15€
per gCO»/km + 1gC0O, x 5€ per gCO/km] x N

more than 1 but less than 2

EEP [€] = [[EE — 1 gCOykm ) x 15€ per gCOs/km + 1 gCOxkm
x 5€ per gCO/km] x N

less than 1

EEP [€] = (EE x 5€ per gCOskm) x N

From 2019 onwards

EEP [€] = (EE x 95€ per gCOxskm) x N

-E3h M E7L N=A 2 $82ke] (5 AZAE EU WA )



Ex) 2012 @ %0l 135g/kme] CO, & ml&3 A|ZHALe] #u4=7} 100,000t & 79
SET=130g/km, ASE=135g/km, N=100,000
EE=ASE-SET=135g/km-130g/km=5g/km
5glkme Z33}g o =7 3g/km ol XA ALk 285
EEP(€)=[(5-3) X 95+25+15+5) % 100,000=23,500,000

38}7] 2=0135,250,000,0009 2] HLE| S HekaA B

(th 2gstExte] CO, 9 oA AnEE AY

2009 10€ 28¥ ECY| 93l “MEE &7 A&As=tel g CO, wWE7t2= 57+ vt
|y 7= & Aoksls EAE 23k “Regulation of the European Parliament and of the
Council setting CO, emission performance standards for new light commercial vehicles as part
of the Community’s intergrated approach to reduce CO, emissions from light-duty vehicles”

$ Aere 2014 @ FE 2016 7kA 717+S Fo] 175g/kme] CO, 7+A fleet S =3t
5EXE XSt A, 183 2020d =71A = 135g/kme] CO, Hl&eS Hx=E 3

20103 12€ 3¥ EP, Council Z28]a2 COM 2016%d ol A 20173 Alolol 175g/kmE & &7 = 3}

o, 2020@ 7} A = 145g/km= WA oA,

2020874219 Bx= FAE A AT F A= AEIF ash 20130l AFH A+
20139 AE Al F3po] =E3tr] 3 AFARE AHojE o g

(D SET(Specific Emissions Targets)
20143 1€ 14 FHE 283 E54-52& AZ}st= SETE =2
SETE AAsl= H4o=, 24 ddrd sFH= MEL &

[e)
zs.

(3 27] AZAZE Bofste shExke] SET o % Hl&

Year % of manufacturer's car fleet which has to meet the target
2014 70%
2015 75%
2016 80%
as of 2017 100%

bol 7t 2@ g3beFe] SET/E AR 017,

ol

gest g Ao o

N

SET=175+a(M-M0)[gCO, /km]

o714, M= A-52ke] F kg, M0=1706.0kg(2014-2017)
MO0=m]# (20183 ©] %)

A3 AZARY] SETE T8 d=ol 559 A&e] CO, Aitgrel Hdo= 7Athe

@ Super Credit



Wl e CO, B MEShE 28483 27149 A9 & 5 9g. S0gkmolshel &
&3t 2ol AFe| BT A gl B,

Oﬁ
rlo

[ 28] 3}&=x}9] Super-Credits & A g

Year 2014 2015 2016 2017 2018
Each new LCV with specific CO, 3.5 3.5 2.5 1.5 1
emissions of

<50g/km will be counted as Light commercial vehicles

Super Credit A& o] A4S 93le] 50g/km ©|3te] CO, x#o] Ha FAZ A ZAE 25,000
o= A3

[¥ 29] EUS] A= SET A& 4¥stEa Hd 5%
EU fleet average target Phase-In Schemel%]
¢ LCV( )T . Long Term Target for
or vansso Rarsetl o014 | 2015 | 2016 | 2017 | year 2020
Year 2014
175g/km(COs») 70 75 80 100 | 147g/km(CO5)

AZALe] SET #45 918ke] E858 Ahgahs A2 20159 129 319 744 SETelA 5%
ZelF71 2 (EUANA Ast= E8SE F/E F A Aol 30%01d AHA 8= 3] =7}l 3
g

@ Pooling

AZAE AR 15 wEo] SETE 24 4 9L,

@ 3} WE7hs Zeju]
20141 19 19%E) 129 31974 293 o] F wpdme] COME 23} wjE7bs Zeju] 9l g
B SETE 2@ AZA A 2ae 5+ g A% e Ml 573 595
A BAH AAS AT 019G EREE b AR S 2
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® Eco-Innovations
A ZAY FgARel o3 A& whet CO, ALES 93 A& 7|&2] Ao AAE. o]y
St JAH 7)ee] F 7z wEl AZHARY] SETO A 7g/km(CO, )& sl & 4 U=

® Derogation
SETell thigh /i 8A} A8S 72 Feids 558 MEL £2FF&AAE 22,0000 2o} &
A AAstE AZFAR] o5t TrEoF.

U AEa AdE5o)7] F2ET(QD A
o =&
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Title 40: Protection of Environment

PART 1066—VEHICLE-TESTING PROCEDURES
Subpart E—Preparing Vehicles and Running an Exhaust Emission Test
§1066.425  Performing emission tests.

(b) The driver must attempt to follow the target schedule as closely as possible, consistent

with the specifications in paragraph (b) of this section. Instantaneous speeds must stay
within the following tolerances:

(1) The upper limit is 2.0 mph higher than the highest point on the trace within 1.0 s of the
given point in time.

(2) The lower limit is 2.0 mph lower than the lowest point on the trace within 1.0 s of the
given time.

(3) The same limits apply for vehicle operation without exhaust measurements, such as vehicle
preconditioning and warm-up, except that the upper and lower limits for speed values are
+4.0 mph. In addition, up to three occurrences of speed variations greater than the
tolerance are acceptable for vehicle operation in which no exhaust emission standards
apply, as long as they occur for less than 15 seconds on any occasion and are clearly

documented as to the time and speed at that point of the driving schedule.

() For vehicles at or below 14,000 pounds GVWR, determine overall driver accuracy as follows:

(1) Compare the following drive-cycle metrics, based on measured vehicle speeds, to a

reference value based on the target cycle that would have been generated by driving

exactly to the target trace as described in SAE J2951 (incorporated by reference in

§1066.1010):

(i) Determine the Energy Economy Rating as described in Section 5.4 of SAE J2951.

(ii) Determine the Absolute Speed Change Rating as described in Section 5.5 of SAE
12951.

(iii) Determine the Inertia Work Rating as described in Section 5.6 of SAE J2951.

(iv) Determine the phase-weighted composite Energy Based Drive Metrics for the criteria
specified in this paragraph (j)(1) as described in Section 5.7 of SAE J2951.

(2) The standard-setting part may require you to give us 10 Hz data to characterize both

target and actual values for cycle energy. Calculate target values based on the vehicles

speeds from the specified test cycle.

[2% 51] EPA Rt 34 B¢ =¥

UN ECEol| A 7 F<1 WLTP BEol% FF4 BwS 213 DQE Indexe} ThresholdE A4 =
2 =8 FY o] AAAA A AP H A AFALY oH S v Y Fol o 7 A2 (&
3013 25

WLTPS] 7% DQE Index:= [1% 5219} o] An|wiglgo] W17e A ZE Bekx = ASCR,
RMSSE7}F A&2FH 3 Qom [WRES A= Fo 2. WLTPY DQE Indexe] 4t& Al v]= ®H
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Indexes (:\F;E dﬂ:at;’) ?:;/i:/ti:; Pm;l’-fsal' Pmp,o el pmp:sar S 5t
LMH | LMHxH LIRM:/H Lm':; :‘x:::) LMHxH | LMHxH | LMHxH
ceon | 8z | %y | s
DR (%) '2:3“ '232" +- 0.4
EER (%) '1'11.7" '2'17. ;| s ; (:: ijg) ; +-20 | +-20
A(SO/S)R ‘ff N 333 s | +-30 | +-30 (:; ::g) 340 o | #-30 | #-30
WR () | 200 | Zos | 435 |y | - | i
RMSSE | _ 407 | ~+07 | +08 | <+08 z <+13 | <+13 | <+1.3
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[ romas = Smoom T o] oo - Sroon |
e %oEvF?or >ER,. DR, EER
e - e bR ) * could not detect
change rate (?) change rate wio WOT inappropriate driving

technique, due to offset
positive and negative side.

EER RMSSE(? )| < EER >ASCR

”
RMSSE(? ) w/o WOT w/o WOT

* ASCR won& change much

4 when special treatment was

wio WOT app“ed
T o e [t © tormare e seen wmeomedl . ASCR s able to detect the
wlo WoT smooth and/or rough driving.

»RMSSE

wloWoT * RMSSE need special
treatment to detect the
smooth and/or rough driving.

F.E.
change rate '

RMSSE(? )
w/o WOT

LMHxH hot
ASCR

[2% 52] DQE A E¥ 6] F3s H7})

5) WLTP Trace Index Task Force(TF), “Study on Applicability of Driving Index(defined in SAE ]J2951) to WLTC”, 2014.
6) WLTP Trace Index Task Force(TF), ‘Progress report “Speed Trace Violations / Drive Trace Index”, 2015.

7) WLTP Trace Index Task Force(TF), “Study on Applicability of Driving Index(defined in SAE J2951) to WLTC”, 2014.
— 49 —



RMSSE (km/h) Histogram
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10 265kmh 7 99 20% 0.80%
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ASCR Histogram Positive ASCR means
= actual driving
contains more
microtransients than
on the original drive
trace.

Frequency.
A

®

-2 to +4 % tolerance
band takes valid test
pass rate to >70%
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8) Ford(C. Hosier and P. Rowland), “Driving Trace Index”, WLTP Trace Index Task Force(TF), 2014.

9) AHE(FHIAHTLY), ‘Aeik &S A% olFZ=eho|BH &5/, KSAE Auto Journal 2009.06.
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oA de AbgE+E VBOX MINIE 10Hz GPSzl, WA <Hely, SD card logging,
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(2" 70] V-box

[3£ 35] VBOX MINI ZH]A]<

& = 3 = T 4
Supplier Racelogic Ltd. in UK
e Accurate GPS data logging at 10Hz
e Internal yaw rate measurement for slip angle and
heading
e RS232 serial interface
VBOX MINI

Hardware e Internal and external GPS antenna
e | CD screen to view live data and results
e USB interface

e Optional input module available for logging of additional
analogue and digital signals

e Logs directly to SD card
VBox Tools
- Data Analysis & Report Tool

(Racelogic Ltd)

Software
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<Some of the aspects affecting the air drag on a car>
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[ 39] Potential effect on emissions due to reference mass flexibilities

Test Vehicle CO, NOx PM CO HC
Gasoline -2.5% Down Down Up Up
Diesel -2.5% Down Down Up Up
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[ 41] Potential effect on emissions due to battery state of flexibilities
Test Vehicle CO, NOx PM CO HC
Gasoline -2.5% Down Down Up Up
Diesel -2.5% Down Down Up Up

(2) Flexibility
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[ 42] A& 7Fs3k <94 (Flexibility)

Test track surface condition Prepared tires Increased inertia of tires
(concrete or asphalt) (modified profile) (fluid or metal)
Slope of the test track Taping of body parts Optimized wheel alignment
Optimized front cooling air | Optimized body position Optimized resistance of
inlet (height/ ground clearance) wheel bearings
Definition of a standard
: Test modes
vehicle
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[23 81] past and avaliable of the flexibilities

Ratio (in %) of realistic and type approval road load curves
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Real world - type approval road load ratio
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[ 82] Ratio of realistic and Type Approval road load test results of all
tested vehicles
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18) Explaining road transport emissions - EEA, 2016

19) The Impact of Offocial Versus Real-world Road Loads on CO, Emissions and Fuel Consumption of European Passenger Cars - ICCT, 2016



OUTSIDE TEST TRACK:

Vehicle coastdown

Yelocy [kmisl

INSIDE LARORATORY:

'

—= Chassis dyno calibration

Road Load

paramatars
o, n, 2

Emissians and
Tual consumption

Recorded In Type Recorded in the
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not accessible to public {CoC), public data
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g loads g/km | lowds a/km | boads g/km real/EL-1 1

THOGZ Paugeot 107 1250 1043 119.4 145%
THOOL VW Passat 1810 1360 1421 12.8%
Tugo Cpel Avtra FUS L7CDTI 1470 1323 147 .3 1L.3%
VT R e 1700 1428 157.0 1865 G 3K
THOO Pousgeot 500 1470 1706 1944 X
TUGDS Audl AT Sportback 1690 1111 118.1 Lh).% B 2.4%
THO04 Mercedes EX50 Bkintec 1430 1|0 1913 2040 X 5.5%
LATEL Opei Astra EUE LI D 1560 174 1% B
TUGDT Mrtsubiishi ASK 4WD 1700 1815 187.7 197.1 T 5.0
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VTTO4 Dacia Sandero 16 Hi-Flex 115 1510 1575 L
VIO é’:’:;l_?:ﬂ“"' W2 T 1360 1z9 1158 o
ViToz BHW 1161 1580 1572 164.7 0.8
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Mercedes E3S0
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0% % 4% B B% 155 125
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Energy loss_Combined [kJ] : 0.55%EL_FPT-T5[kJ] +0.45%EL_HWFET [kJ]
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(th FBAGE FeldA) o] (115 ~ 15km/h)
T FAAY GAA PP SEEUE AgeR Y 115 ~ 15 km/h P2+ 5 km/h
WOl TR F 24 FAAGHEE FYNIA)S AN, HF 217 SRl BF 7

AGE(EE FYNIA) ol B o|r) .

(D) RLHP =te] @ 50mph (EPA)
HA) w]= EPAo| A AM83t3 Q= S50mph 204 F3A3ul=(RLHP) 2}o]& o) u]g}
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[ 43] =3 A T 51§23 AAH7IE=RD HE
Brief description Calculation result Calculation resule Road load
over target road over confirmed diff.(%)
Evaluation criteria Target Confirmed load Hici road load B A./ AX10 Remarks
road load road load oad coctiicients coefficients U(B-A)
coefficients | coefficients ) (B) 0}
fO(N) 120.1 155.7
Coeffi- | o N/kPH) | 0.636 0.691 - - - -
cients
f£2(N/KPH?) | 0.0309 0.0309
1. Energy loss diff. FIP-75 test cycle 4505.7 (KJ) 5175.6 (kJ) 14.9 o
(individual) HWEET test cycle 6251.1 (kJ) 6911.6 (kJ) 10.6
. |0.55XFTP-75 energy loss
2. Energy loss diff. | ™) 4o IW/FET eneray| 5291.1 (kJ) 5956.8 (kJ) 12.6 -
(combined) loss
Averaged road load force
3.' Road load force for 21 points considering 6726.7 (N) 7549.3 (N) 12.2 -
diff.  (115~15kph)
coastdown speed range
4. RLHP diff. @
SOmph (EPA) RLHP at 50mph 8.3 (kW) 9.2 (kW) 10.8 -
5. Each road load fO coefficient 120.1 (N) 155.7 (N) 29.6 ]
coefficient diff. £2 coefficient 0.0309 (N/KPH?)|0.0309 (N/KPH?) 0
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Qv APREE o £ oA A IUG Ee) A WA, T WA BRI DL eARERT
S, SHATL $E0 02 ALSE SETL W BABY 5 AZAY AE71T 2ol Aol
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A o] H 7 =AAYE flelar, Boh W FAAY 2ol A A&l FAHAE A
o A5E HE
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A EAALNN SHREFFEEE TP B FAAD s £AHE U 5
AA} S, ATkl 1w, ofeek ol AT g M AAHeD B WFIF EAEA
ool FAXY DAL 9T ATAEE Aok olel 4L =29



Epp = /(fo+f1v+fzv )< dS
= /(fov+flv + fyv°)d 3)dt

= fy X /vdt—I—fl /vdt+f2><fv3dt

=f, < Y (wAt)+ f, x I w At)
+ £, x>, PAt)

%3¢ ©|vg FIP-75 2 HWFET Av] A]@ =g ustel FYAF A% $5F FEd
W obe) Esh gol A4, FIP-75 BE9] 4% A7 % 4FL 3-bag NPRES 3ejshA 0,
sfolpele Aae] 3t d-bag NPREE TSt FAAG AF FFE FESAL, Ibs
e NGAS| FERE 85 B BUT B FEAQS, o WlesE “FF
AT FESE, A4 Askmh” 9l FAA FYAG AUAE BE 002 A EF
4% Agd iR 7

- 254 AR ALtsta, o] e vlwste] 1 2ol 7} 15% oY
A AZATE AN FHAGS AA T

s slolnel= Ade] 4% /1Ed 4B 2 YAr)Re] %

o aAFoz YA @] FPA G
EA4& meotst=d gt
[ 44] F=IAF AT T3
]‘:]—_ o 1 f g_ o
TB aflicn br =4 HH7E H] 3
AfO Bfl Cf2 AfO Bfl Cf2
FTP-75 WAz
17.4 945.0 58910.7 77.4 2612.0 101124.9 )
(3bag) X} ek
FTP-75 FlolBE &
23.4 1175.4 = 68057.1 104.1 3246.3 116885.9 F&ilAl i}
(4bag) =}eF
HWFET 16.5 1338.0  110662.3 73.4 3698.2  190059.0 Chaa

ook

FE 9 ol ANE FAAY Al AEGe ol gl FANY AL HHA PA
AES 5714 BA712EQD dEl oS WIS FAAG Aol Aol Jbsstnz ¢ Heox)
4R PECDE FAAT SR B

\l

~

FAAY Ndxd 8 9 1A

=

i

L A EAER



(3 45] A @AEA Al

RS Fa Ad
Engine Type 14 GDI
Displacement (cc) 2,359
Max. power (ps/rpm) 190/6,000
Max. torque 24.6/4.000
(kg.m/rpm)
Combined 113
Fuel economy (km/l) '
CO, emission (g/km) 156
Curbe weight / ETW(kg) 1,575 / 1,701

@ E/) A HE FYAY I 24 (@S 2AT A R

dEol7] 73 FA8 (0K / 3K/ 6.5K / 10Kl @& &5 F3hA3e Hlw T == ofef
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o oy, qdZwozs 1 Aolst ot FEAAE WA Yed & gl BATL UL,
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(29 88] AEol7] FHAE FHALH

-9 adze Gehd FaAgE (B FRUAE T4 FAAD ohe A FaAA
A=A zlolZ Zhzy 4HAsE] RW, Okm tiH] 10,000km FoA FTP-75 2=+ ¢F 3.8%,
HWFET =& oF 24% oUA7} Az 297} tend,

f0(Ibs) 100.0% 116 5% 112 9% 120.9% 1146% o
SOl flibs/mph)  1000%  753%  496% 40.1% 408% 5L
il f2(bs/(mph))  100.0% 105.4% 120.5% 116.6% 117.7%

ETP-75 49366k 48424 kJ 48615k 4749.0  10mpho|s}

7=‘-u:1=»l :4|+ -;4 ol4x] x|

Target value 6.5K 10K

1. QlH| 2 =£ 35k ) (4.2%) (2.2%) (2.6%) (0.2%) = A= 07
of| L4 x| X}o] (7H*E) HWEET 6582.6 kJ 6597.0 kJ 6513.9 kJ 6426.3 Ha|
(24%) (2.6%) (1.3%) (0.0%) (EPA)
TN . — TR R— ihad s I
s €597.0
- . 6600 L
: B R
Z_‘ E‘ 6,550 - [ 2 s WA
=3 T 6500 - ﬁ :
6,450 e e ot
6400 — —
0K 3K 6.5K
FA A2 (km) ZE A2 (km)

(227 89] ZEol7] FAAHE FHAF oA v



- BY FYAG oAUA Aol A

- Target value

™, Okm tH] 10,000km <FllAl <F 3.1% A 7E

TN Al % o] X0l

0K 3K 6.5K 10K
; fo(lbs) 100.0% 116.5% 112.9% 120.9% 1146% oo
Sl £1(lbs/mph)  100.0% 753% 496% 40.1% 408% ﬂglﬂgj{;l
R 2 (Ibs/(mph))  100.0% 105.4% 120.5% 116.6% 117.7%
10mph of5t
pIC | = On i 8l 055'FTP-75 - 56773k 56320k} 5605.0k) 5503.8 - A= 0"
CTER B N C S 045+ HWFET (3.2%) (2.4%) (1.9%) (0.1%) 32|
(EPA)
Combined 0f| L4 X]
o
5,650 ==-5632:0
i '?3"54 sas.a
T 5600 N
I
T 5550 s
5503.8
5500 - - J - M - - -
5,450 -
6.5K 10K
Tﬁﬂﬂﬂm
(2% 90] dE0]7] FRAZE EFFHAEY A=A
@) AL, ARSAA, APAB o) BE FAAY GG B
b AE Wy

A@713 3 FRAE FBAe S vE F e A8 JdAE sh=d A F A, B
olo] 24, AW £, Holo] e, odd =4, £EW, B 4 05, 24 B¢ AP A4,
A AP TF T AL Ao 7Hed AR A e 5L 21S H83F L, 7d=
AL AF fAT ZANA FBAADL FADL.

A7 2F FAAY FHAG vaE el AL, AR DAY AHE S wA st
Mm A =43k Datas Data 5 Ao A3 & A do] 4= = Data Analyzerol A A &= o
JEIE B NY F APl A8 FYANGL TR, o7t FEI FRHA gL B
AZ ANFFE & AL Ao 2 Yol AFS A3 ol FRAG A FAA F A
e e

(28 91] FAAIAY

F8 APAR AN GHE, AGLAA AP D 7 AE FEL 2-FFOE 1Y
S AFA Y e A o et AFE TR, TR T AE gl tis drHREE
2efd oA E Bkl ANOVA B4 B3] 7 A48 FA4F 9L 243



b AlEd4a
Z+ AE &40 @& FTP-75 =& % HWFET RES 183 oyA] €4S A4 23 ot
Zo} 2o AAE A5 (I FIAG AFe A FFgl o FuEd 2712 YERd)
FTP-75 BEoA o] AdEEA 1, 3,5, 72 A AE ZadA ST FaAI 3 A &
A ouetar, Bk AU A &2 4824.4k) oW, AFEA 2
St FA A 9gt AR £4E oJnlsta, H oy
A ANERZAE B AIERA i8] H oY= Hol 3,
ZF NEeA E vaA Ho Haks AldsA 49 A e 7oA of 3.6% TR AdeA 1
~8 7HA] AA o A £A4L2 4892.9 kJ olH, o] gk 7|E Hul HA= AFEA TolA oF
2.0% DAY Z wl§ F5I AR} FES A3
SHH AIFEEA 19 A A AR FROE A4S FYAYS BT, AdeA 82 B
NRA71H FHoE SA FPAFTE e 1 oA Aole oF 3.2% EAF o] F 7HA
Aol diall, A 12 AR o5 AAE FHAG, APEA 82 HHol s AAH
FPAG o2 7HFTHE FF B AT Ao dis FAAY ATAST A G &
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[3£ 46] ¥l AFREE ko] AR oA &4 7 $AH 24 23

Run Road load coefficients FTP-75 test cycle | HWFET test cycle

der | XU | X2 | X3
order fON)  |fLIN/KPH) |22(N/KPH?)| Egrp.75(k]) | Diff. (%) | Euweer(k]) | Diff. (%)

1 1 1 1 -0.26% -6.24% -1.91% 4814.4 -1.6 6471.1 -1.9

2 2 1 1 2.36% -9.68% 3.48% 4956.0 1.3 6685.7 1.4

3 1 2 1 -0.26% -10.56% -0.52% 4813.2 -1.6 6481.0 -1.7

4 2 2 1 1.90% 10.27% -1.63% 4972.9 1.6 6672.8 1.2

5 1 1 2 -6.14% 43.48% -7.00% 4875.8 -0.4 6584.4 -0.2

6 2 1 2 -4.51% 41.32% -4.37% 4950.7 1.2 6693.4 1.5

7 1 2 2 -3.27% -7.89% 1.70% 4794.2 -2.0 6507.6 -1.3

8 2 2 2 10.22% | -60.71% 10.24% 4966.2 1.5 6664.6 1.1

Average (1~8) - - - 4892.9 - 6595.1 -




[3E 47] FIP-75 2o Al thgk ANOVA A3 [3F 48] FIP-75 Roli] FR1Ael| thgk ANOVA 237}

Source DF SS MS F P Source DF SS MS F P
X1 1 37565.4/37565.4| 41.22 | 0.003 X1 1 56515 | 56515 | 50.39 | 0.002
X2 1 317.5 | 317.5 | 0.35 | 0.587 X2 1 1474 | 1474 | 1.31 | 0.315
X3 1 1155 | 115.5 | 0.13 | 0.740 X3 1 2429 | 2429 | 2.17 | 0.215

& A2

Ob F3AE FHd BAHS A& VA JIES HES B A YA #Ha FFEo] M
14.9% ~ 4 10.8% 7hA A8 AL, FA 7| Eol wet FA o] o8] EAdH= AHATE
1O

2ebd F dee A

(W) =3 fON), f1N/km), f2IN/km2) F3A 3 Ao Fes FIP-75 REolA WAz A
& (3-bag)ell thall 17.4km, 945.0km2/h, 58910.7km3/h2, slo]lB.gl= =& (4-bag)oll thsiA+=
23.4km,  1175.4km2/h,  68057.1km3/h2®} HWFET ®ZofA  16.5km,  1338.0km2/h,
110662.3km3/h2 & 7}4.
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Physical & Environmental Specifications
Dimensiors (W D ¢ H) 332X 276X 91
Weight 456Ky
Qperaling Temperature =S5~500
Humidty 10~ 905 RH




Electical Specifications

Power Supply Vo ange +1 20 (9 ~ 30V
Power Consur 1 3 (excluding the output of the POVERSDUT terminal)
Protection Fuse 204, minHblade fuse
Fower Cutput 1<channel, N-,-'e}';nr';-'u: only, E*A ‘ne;x*
sor supply only, @4 max
Fuel Flow Sensor 2hannels (FUEL=A, FUELB)Y
Inertial Sensor Interface A=channel (MU AN
Mumber of channels Bechannels (WINDL AN ~ Ak
Input Range £ TV, S\, 10V, 200 (maxx30WV)
g E 1S hit
8 20KSfs parchanrsl
o 200 Kex
§ CC Accuracy #0050 of reading
< | Input Protection £ TRV permanent; additonal ESD protecton
Sensor Excitation Mone
Sensor Cenrection BNC Fermais
Number of chanpels I=channels ¢SPEEL. PLSA ~PLE2)
m TTl CLOW: 0~ 08, HIGH: 2 ~5V)
3 [Bardwidth(=>aE 1000000 Hr
% Isolation Voltage 2500 Vayz
2 | Input Protection £7T0V permanent, addit ona ESD protection
B "Sensar Excitation +1 20 S0 per channel, shon alrcult protected.
Sensor Connecliz BNC Femaiz
Mumier of channels 1&channals(T=4IR, 01~ 15
g Inpu ge =100 =~ 1350 G (Thermocouples type)
9| ADC Resolulion DCelta-sigma. 24bi
a | Resclution & (High resalu =) = 002 .5, 55 mefichannel
£ | conversion timing (High speed <25 i, 740 usichanne|
£ Owervoltage Pratection =300 fwith 2 channel
Sensor Conrectian Cmega MP KaF
Humber of channels Z-channgls CANT ~ CANZ
5 Max Bitrate 4 Mbps
<C | Transceiver MNXP TJA 041
= Safety Voltags (Por-to~com) | =27 ~40Wp- max
Sensor Connecliun 5wl Sqin Male

(72" 96] HlolE 5 FY A

@) FAAT BANY AL W
Oh = W

(FEDER) AEA UALNES . £A7ls NEYF D dnsuls ARPE 5o
B A7 F CDEE 8] FYAY AYPH” o) 42 g4 S A8 AY @ BE Y

Els
AR A
(GO
- SAE J2263 A& : ROAD LOAD MEASUREMENT USING ONBOARD ANEMOMETRY AND
COASTDOWN TECHNIQUES2)
- SAE J1264 A& : ROAD LOAD MEASUREMENT AND DYNAMOMETER SIMULATION USING
COASTDOWN TECHNIQUES2D
(th EC ®Ht
- ECE Regulation No. 83 : “Uniform provisions concerning the approval of vehicles with
regard to the emission of pollutants according to engine fuel requirements” , Annex 4a.
Appendix 7 “Measurement of vehicle road load Resistance to progress of a vehicle
measurement method on the road simulation on a chassis dynamometer”
(@) & H4t
HREZEMORTAEOMBEEESNSET [2012.03.30] © =
R4 (B hEEHREARORBEARZE) T 2] “RIER4
ETERAEAZERU Y LM FTEA—S~OARFBRERE 6. M&k) " o 0= AE

20) Road Load Measurement Using Onboard Anemometry and Coastdown Techniques - SAE, 2008

21) Road Load Measurement and Dynamometer Simulation Using Coastdown Techniques — SAE, 2010
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L ERxfAl =8 K at A|S, SAE J2263
« F=A,+ B,V +C, V2 +05pAVra, + a;Y + a»Y2 + as-Y? + ap Y9 + Dgrav
o 7| 2K} 27| 4XF S SAl

> =L TE54 2hA| SAE 11263
- F = fg + ngz
« 2% g Y (1A 4=

» ECE-R83, ¥&
« F= fg +f1V + f2.V2
. 2% 34 B4

> WLTP (Btd &) wme cew JHEA}RE
+ J|2X o2 SAE J22631t S USILE £ E}|7f CtE0 F 1 £ & 135km/hOj| A A|&}
© Al HO[E0 SAX 75*.@.”80I Q=A| TS0 K71 det HIOJHE As22
Eetu= 7[s0] =7t
* F=Ap+ BV + CyV2 + 0.5-p-AVIP(ag + a1Y + ayY2 + a3 Y3 + a5Y%) + Dy
© 71T 2%, B7) 4%t gt A

£ |
=

P2t 87 A4 2 B0l 482 + 95 Hux o 7

(2% 97] 2+ 718 FF A A2

= g2 FaA3 AF SAE 1226394 A4, B,, C,< 7IAAE AT, Ve A £E,
V2 5 UH AFEE, Yo 5 U8 Ay B3 i 2-4=, D, TIATE
ough I FS=4 W2] SAE J12639F Yo ECE-R8341A f,¢} f,+= 717 road coastdown %

A Aol AEAE F9, Ve AR SES o

@ A% AYY AN
D) S whA 4, 12263
583 22 98 5 3 oo PIY 79 oyt A4 A8,

P = #5434, J1263

-2z F3 oy PPt BE= 0, 2 ghe e & FH4d AEH 10, 2, t 2 4
A3k 2F<45o] RMS ol 27} 0.4kph o] &<l A% sld F3 dHolH = A7

- 10 o ®F HA7F 1IN = B4 5%E B3lstes 4 BaolA 71 Blojd 3 o o]
HE AAT & AN=E

- f2 o] % W7} 0.01IN/kph2 == Ba3ke] 3%E Z3lsts 4% HoolA 71 Hod
T3 HolHE AAY & A=

A =3 met HolBE AAT F Fob e HelErzt 3 4 o4 4+ OK

(th) ECE-R83
] &% 17k 98 Statistical Accuracy (P Value)E Al4kste] ZE 7oA P gkol 2% )3kl

7S OK H& 4 %4 ool dole =4 B+,
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HaolA @o] Hlojd 3 HolHE AAT F ol e HolE 7t 3 4 o] dold OK

(mp WLTP

RE HolHE o gate] 427 F3 A Aso] NE S5 Vi 2 tdeted FV@e At
w0, ) 3 wlolE 4 vhth S HolEE ALlEy 4EF FAAY ASE FVE AL
2, [ Fi(V) - FV) | [ FOV) 2ko] 003 / sqrtn-1) & 2331 A5 a5 28 golg %2 Al
7. olw o} = Fa HolEl7} 5% oatold 9w

W #S4 w2, SAE J1263

xu k2l gl J1263 9] A 7] RE7) 20° C, 736.6mmHgol A 1.1678kg/m3 o= A
oj®. ISO 2533:1975 (International Standard Atmosphere) o] AHo®H ®EF= tr](15° C,
101.325kPa)E sl =71(20° C, 736.6mmHg) .2 24+t 2 == 1.167088831kg/m3 o] o]= &
4 v 2 J1263 o] AoH "Wxe 0.06%8E ZFol7t A=

b 718 B A& gA124], SAE J2263, ECE-R83, WLTP &)
ISO 2533:1975 (International Standard Atmosphere)ol] <J=® 15° C, 101.325kPa, 1.225kg/m3
S I EOE ALIER ZTE

6) T3F 2 F%(Blockage) BA

GA2 FFEEAL] A ALGAAY gAY FF - FH
Ual xpeFe] Sz 0lo)s ek wol A HAZFS A] o
o] 7% 40kph o]/de] A&oA dojX= HolHE AME olw, AAH A&9 A%, SAE
J22637} SAE J1263 AAIE 3k Farste] AMESHE S

—_

Obh ¥ 2A
QA NG HolE e BE AZ F Ao 80kph ol 4l o E % ol gate] FF W G A
A H, o] ghol 0 o] HEE 9y 1y AHE ¥,

P

(1} &< (Blcokage) 2H
AA A dolg o BE AE F 2kl 40kph o)<l Hol Rl o] &3lo] Ap&o) mE T
o AEFS Feofste] AP dHolEHAA 7 AE vt} id 2ol F&5 2] gh(Blockage) S

« 2 tloJE Sampledl A FHFHVNS ZSFY) ol meh SHFHVroa FLFHVry) o

= Vr * cos(Y)
Vr * sin(Y)
o k& (Vo] W& Vrxe] FA A4 (A 4
— Vrxref =A-1,+B-V+C
« ZE dlo]H SampleOH sl &5V g zk&alAe] Vrx_refe] zko] Vrx_errorg Al
Abste] VrxE BAS F Vector g A4kl Vr_corr ¥ Y_corr QHI0lE
— Vrx_error = V -rx_ref

N
= <
5 3
< >

1] |

— Vrx_corr = Vrx + Vrx_error



— Vr_corr = sqrt(Vrx_corr - Vrx_corr + Vry + Vry)

— Y_corr = atan2(Vrx_corr, Vry)
o Vra} YAl Vr_corra Y_corrE o] &3] EA

(1) Z7gdlole 3t43t WH (GHz — 1Hz)

(7D Reduce (Average, 7]¥ w2))
- o] 1% Sampling Pointe}t} /& 5 AMES HFslod AL
WAE gEr, A S 2 $ WSS FaiA A

- Reduce W21& EPA AZ =2 73 0]

ﬂ

[29 98] Reduce ¥4

(1} Sampling

- o} 1% Sampling Pointe] o] &%k A&

[29 99] Sampling W

(th Low Pass Filter
- 5Hz dlo]¥lo] 1Hz LPF A&
- Phase ShiftE 27| 93 Zero Shift Logic A&

¥in}

(29 100] Low pass filter =4

B FAA s8&x dA 7
b FIAF A=A 4 T
- EnergylJ] = Force[N] * Distance[m]
Force[N] = A + B - Vlkm/h] + C - V,[(km/h)2]



Distancelm] = V* [m/s] - At[s]

VvV’ [m/s] = Vlkm/h] * 3600 / 1000 = V[km/h] * 3.6

EnergylkJ] = (A + B - VIkm/h] + C - V2(km/h)2D * V* [m/s] - AtsD / 1000

=A -V’ [m/s] - At[s)/1000 + B - VIkm/h] - V* [m/s] - At[s)/1000 + C - V2(km/h)2] - V" [m/s] - At[s]/1000
- Coefficients (f At[s] = 1)

For A : 'V /3.6 /1000 = V / 3600

For B: V-V /3.6 / 1000 = V2 / 3600

For C : V2-V [ 3.6 / 1000 = V3 / 3600

() Zt dAvjr=d 2 oy ALkE A (&, £571 15km/h 79D 7712 Alto A A L))
- FTP-75 =& (N ©$))
 3-Bags : Energy Loss (k) = 17.4Xf0 + 945.0xf1 + 58910.7 X 2
« 4-Bags : Energy Loss (kJ) = 23.4xf0 + 1175.4.0xfl + 68057.1xf2
- HWFET == (N &9))
« Energy Loss (kJ) = 16.5xf0 + 1338.0xf1l + 110662.3 X {2

O ANFIY [ A3 | HuX &9 75 (o, =W @44 3 J2263)

3
92.1
91.8
90.5
0.2
887
286
B6.6
26.0

000 = &
B

N B4B

30 839

3 828

n =

X w3

[ 101] F3AY EFz=279 Ay 31H
TIATY T2 N A

T P S8 WOl ME FAAG AP 2w 8 B P B9 2 A 2 H
weh Y EHRE R0 FHAA 41 ABsE AY AAE A FAAY 24 Z2
age FET FU AF B AA dolg AS 8 AsA Aol s AFeE dolH
AS §3 ALE EF QT AN B ARl ALY £ Qe A RES TAG

T 229 wE A
FAAEY THEZE P dAVIZHEE 6~1271¥) EUEHE S A
SAAE 3] B S AdAF A B o FH sk A ZALZE A4A| A o



A g AF.

7t AR BA

s ARGEAA Y B R BTIE 24 e A’ dHl A 7183E Round-robin Test
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A&zakE | - HG 2.2 Diesel 30
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- Alg r=/3l4 0 CVS-75/18) + HWFET/33]
- 7k - A1 Al G PIXA] e 19 Wl sl =
R A e A p = P e o
A | - AE G A
A BE | - xo)EEA Adaptation : x1< 80kph &304 F3¥5}e] o] A5 Adaptation | ¢
Abst (71o] D& & Cruise 715 A8 7Fs/ Hood Close)
- 2 Bzbaka) o 7 & Hood closed (30.5cm 9F W2tk A X))
e I L A ke D
71eF AV | FE A A mE

oA A AL 9 e g

(3£ 50] A A= Al

Vehicle/Fuel Gasoline Diesel HEV
Engine Type 14 GDI eVGT + CRDI 14 MPI
Displacement (cc) 2,359 2,199 2,359
Max. power (ps/rpm) 190/6,000 202/3,800 159/5,500
Max. torque
24.6/4,000 45.0/3,800 21.0/4,500
(kg.m/rpm)
Combined
11.3 14.0 16.0
Fuel economy (km/l)
CO, emission
156 142 105
(g/km)
Unloaden
weight/ETW (kg) 1,575/1,701 1,691/1,814.4 1,680/1,814.4
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[ 53] 7I<d

A
T Gas]o‘—ij—iLne
10% +=(C) 44
50% +=(C) 73
=7 44 90% +=(C) 119
FTLH(CC) 178
R (F%) 1.0
=R A=(FI%) 0.01 m|qt
FoE2 (50T, 3h) 1A
WeFEslehE & (F9%) 7.0
WA ke (9 %) 0.4
=dA FF (FH%) 10.0
kA 3 (FA%) 2.1
ks I (FA%) 0.1 w|%t
(A $HEd FMJ/kg) 82.72
CH(F-A1%) 15.15
U % (g/cm3) 0.69582
[ZE 54] 9 A
F&EHCC) -6
A3H(C) 49.5
=0T, mm2/s) 2.56
SF4300% FE22%,C) 348.2
10% 3 =2 S AR (FA %) 0.04
ERH A =(F%) 0.005] Tk
&E(mg/kg) 4.614
3] (F-Al%) 0
A ezt 55.53
& 35-21(100°C,3h) lo) 5}
eI H(C) -4
£33 A HFRR vFR2EZ, um) 110
1 %= (kg/m3) 825.18
Hl-o] @ v} Al & FH(F-1] %) 2.0781
vk Al A
(1) Ax A=
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[ 55] DQE &4

el

BE

is defined as the percent difference
between the total driven and target
cycle energy

ER

Smooth driving : Negative value
Rough driving : Positive value

Index value varies depend on each
phase

is defined as the percent difference
between the total driven and
scheduled distance

DR

Smooth driving : Positive value
Rough driving : Negative value

Difficult to  detect
driving technique

inappropriate

is defined as the percentage
difference between the distance per
unit cycle energy for the driven
and target traces

EER

Smooth driving : Negative value
Rough driving : Positive value

a significant difference according to
driving techniques

linear relationship to fuel economy
inpact (only smooth driving)

is defined as the percentage
difference between the ASC for the
driven and target traces

ASCR

Smooth driving : Negative value
Rough driving : Positive value

a significant difference according to
driving techniques

iIs defined as the percentage
difference between the inertial
work for the driven and target
tarces

IWR

provides the driver’ s performance

in meeting the schedule speed trace
throughout the test cycle in terms
of the Root Mean Squared Speed
Error

RMSSE

Smooth driving : Positive value
Rough driving : Positive value

a significant difference according to
driving techniques

7
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g 16617 [& 5610 A18-& Falst7] fa AdsEA K AE AFs DX AP 2 A o]
Uetd. 234325219 Qo2 thekdt OBD tlolHE HE56HA AdS F3std o, b
He gt dde o5, Ao ox 5 U2 =A%
[ 56] 749 AlgE A2 Ald

ZpeFA A 20134
F3% Hkg) 1415

IR RS 2.0 CVTCII
e 1,998

] 119 (ps/rpm) 141 / 6,000

HuEzkg - mipm) | 19.8 / 4,800
(29 166] FAEHA ol HAA 7H&d MR CVT
A 49 (km/L) 12.6

N A

W 94d A
A Al AR C AR 2,000ccH 2] AXe @A 5822 Euro 5 WiE7t2 7E
e E] 5 237), ECM, BCMe.2 74 5o 2ler BCM
Set=5 ECMo| A&E B

el AkF o2 RVC (RVC 7152
< WEe AFE =2UEAs SOC 2 RVC 7]&F 2] 7}
ECM2 &x7]e] 23 E E‘%H‘%] St FAO AHgtAlY] AEE BRI BUle 7]%522)
< [3 57]0 A= U=

7] 0] %

4850 oL, AAA

2011, KSAE Annual Conference Proceedings, pp.1667-1670
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(3 57] A& AN Y 2 A

RF A A 20143
2T k) 1,645
ol 313 2 CI inline 4 cylinder
Hl| 7] = 1,956
#3129 (ps/rpm) 156 / 3,750
HuEFkg - m/rpm) | 35.8 / 1,750 ~ 2,500
HEH 4 6AT
F A Anl(km/L) 13.3
(th LrbxtzE A ddae] et
A3 A A A S8 WA Anle FdFE vF Ao R dgaE= AP =24
of thall Aulel HAl= YHEHE 55 st FFEVE A= A5 o] FF=C Tt vl
WIS A3 A S8R WEHIRAL Alagh vl 5% v FEoE A5 ¢ e W
e EEdte AolBE dEA S 7 AFA7) obd dRkalbE Al AEAAZE Fou gk A3t
E 7HA ool & UF o] FFEE A AnAERY LA E Eole WUk B
A Foll AuAFEZ2AE FEFEA AFAH 2 AT A A sstd e
o Alg AR 2 FYRE
b 7+&Ed A"
Aol A dejet 22 2 xS BAStY 2R wjErts A g HUHE AAsk] 9
skl [19 16713 o] AtEdA @ w7154 71715 £t AP ZAE &8

Al

| ' .'ul Lm:u!.s

= T

E
i Host computer

WETS-7000NT
Drwer 5 aid
CR50-7F000

Dar-2200

Emam dynamometer 48" compact

(29 1671 W&V}~

258 A= 48“ Single roll type(AVL jit) 7]
74-%- SULEV tl-&- MEXA-7400LE(Horiba jil)E

I60(AVL jit) AWlE AR 7FEd Ao A =¥ Al
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L

Emission Analyzer
MEXA - TA00LE & CVS- FEUE}E

Multigle CFV '
H ey Blower

l:l'-'rla mometer controb
cabinet

Ao =

£ AHgstslen, w7154 7171+ LPG A9
Agstda A =] A$ Euro-6 <
EAN Hr1E 935l FTP-75,



HWFET 2=5 3¢ [18 168l a3 AdE=e] AR £= Z29dS YetWlon, 7}

2 FYRE AP 29 oY 24 B4

Seue 1584 1 (LB P 1B 4 (03 Ergm s o hsd Phoe ] 505 & 750 b

o B Codpies tnad g s 2l TRl ] | vwples .:-i
i 4 ] mnetiee Yl i 3 1 aiads 2
- P ] - hw‘l L] f '.
mh - FTF PLI =k L] A i |
- e L“Eu."’"" N IF IJII'“ IIII IJI::H::HHJ
i lﬂ:a:?m . I.~l"' I,l : ':;h |
; r M r e i |
; i focors : '.
2 " r m : mmmwmwmnmwi
. e el gl -
[29Y 168] 3= AtY &5 29
h gA Ay
O =d-5 = A
AEA7F AA EEE FHT W A - VS > AE > S TE WES e A S dEse
AS FYPREE ALY FAL 7 AEF st FaE HolFe AXEA A FHA
g3 A T AEHOIASIY HA FAH U &3 21 7T B GANA AREH
A FHA = AC(2LF) SHA (AVL A2/ F & AthsHAD=ZHA, B4 S (nertia weight), &
&4 (Power absorption unit), #o~7] (Controllen=z /34
[ 58] 2t EE A2 A
229 ¥4 9 A Single Roll 48 inch (MIM type)
B F=F 1000 ~ 15000 Ibs
HAdTsF Fo 2 9 T8 F533 AC Motor (7] =5 &)
Apes 200 km/h
&= ox + 0.01% F.S
Ed 3 + 01% FS
FAAY =3 Encoder
AR & 63000 CFM
IXE T 1% o]y
@ wZE7F2=747]
712 S8 ANFAEA7E A58 A|Y] 28 folA 2 REEE F3dS o vj7|do=
BE wWjEdE 72~ E A &% A B3 A X (CVS, Constant volume samplen 2 YA 2o Z7 &
]

st &, A5 A FHW(Sample bag)oll AF k] wlE7t~E A4

B ApgA o AHLH vjE7tx~ =4 AX (HORIBAAF MEXA series)= AExo] viE7tx &
CO, THC, NOx, CO, , CH4E BAT 4 = AXZA, E4U8+= CO % CO, 7} v|&E4HA 9]
182 (NDIR, Nondispersive Infrared), THCE= &2 8%0] 237 & 7] (HFID, Heated Flame
Ionization Detector), NOx& &}stak3s (CLD, Chemiluminescence Detector), CH4+= GC-FID
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(Gas chroomatography-FID)< Ar-8-3. 4% wl&7}2% =(THC, CO, CO, )& 7IWte = 7}
22 ol 93 AnE A3}

=4

I
2

[3E 59] wj&712 #4719 A9

vl &7}~ %4 7] (Exhaust Analyzer)

NSRS CFV ®2(4 8 FA A H 1)
e=Ale A% +0.5C ol
A A= +1kpa ©|U]
NEAHFHY LR | 01
Wl 7 2] 714 15, 30, 45 m3/min
=44 CO/CO, (NDIR), HC/CH4(FID), NO/NOx(CLD)

CO (0 ~ 50/100/1000/2500ppm)
CO. (0 1/2/3/16vol%)

E29 9] CH4 (0~ 10/20/50ppm)

HC (0 ~ 10/50/100/500ppmC),
NOx (0 ~ 10/50/100/500ppm)

CFO%1 A A +2% ol
SEAZE Fels s ~WMIb ghe] 90% 7HA 52 oY
WS A +2% ol
2134 Zy B wAHANA +£2% ol
ANHEZEAN Y 90% ©]%

(3 60] 3 HE D] A

3 A Ed (CVS Tunnel)
74 &7k BN EE, A, oA ST
X Eld 3y 355.6 mm
AT A4 38.1 mm
A= R P 70 mm
AR KR 712 +5% oy
AHHY YRrLx | 51.7C oy

@ AY A

A RA7) e A71A 9 Q%Y AR AGe 24 9 7129 SAo) AEAHL A
L %e FRsE 319

B ATl A ASH AHBAIE T A4S ABEH FAN A Hioki 3300 AF 24
A% AESTON AR 245 fskel Av] 2004 S0 s Hoki CT 9278 271Ele] 5
BAF 9 AT ALAT ZA)sh 20A 20| w9277 27)(ElololEH W £RAEY ZH)
b AHgE
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=e (U HE) gaua iR
G ) 1%dg 0 1% s #) 1% g a0 1% = &) 1%rig #0 1Ei 5
= XMz = 1%rcg =0 il s =0 1%l 0%l s =) 1%rdg 0 3% s
30H; - &5Hr =) 1%rdg 20 1%l s =0.1%ndg 0 1% s =) 1%rcig #0154 =
A8Hr - My | 20.00%dg 0008 g, | 20.08%rdg 20 08% 0. | 20.08%rdg <0.05%E 8

-] = 1%rog 0. 15 s

0. Thrdg.=0. 1%L

=0 1%ig =0, 1508

r - 1ORH 2] 2%rdg 10 15 s

= P hmia 0 1R s

) Ferdig 0 1% n

Sk | 0Madg202%ls | Dndg202Ele | D4%ndg 03
- WO0RHz | #1.0%rdg s0.0%Es. | o1 O%rdge0.3% s | #15%ndg 0 5%ia
150kH iy 0%z 270 5,

(23 169] AF

(29 170] A5 2Wxe] AHQsh

HaAel AT A=

Al

g 1
— Lomde
\-" Currmnt 1 "
Current 1
Batt voltagsls)
ﬁhﬂ wabtide+) o vatr ey |-
(29 1711 &2 7] ‘%l HHEW/]

AFAA 5A

@ AP E
Ao =
HWFET 2 =& Abgstlon 2 =308 23] o 4o A<
g
0 - hii]
Cabll s8a phiase Tr avsissd s Hod saan phise
i TET T S 1160 R LT BO

Spesed,

Aol R 9iste] AY AmANE ZPPPOE AFHE FIP-75mE
8 B3] A4 YE ElolEE

50 50
&
i”' i LI
iIn] 30 -
-
x4 a0
i 4 10 4
o ; : ; | | ]
a a0 400 [=1x] B [din ]

A0 1400 EDD w0 X o 100

Timie, &

00 kL) Llen)
T, 5

(2" 172] FTP-75(z) % HWFET($) mEo Fd&T A
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[ 61] FTP-75 ¥ HWFET 2= 3 =3

Test Schedule
Driving Schedule Attributes Z=4(City) 1.4 = 2 (Highway)
FTP-75 HWFET
FH 14 5(Top Speed) 90.1 kph 96.6 kph
3 ¥4 =(Average Speed) 34.1kph 77.7 kph
FHj 74 =(Max. Acceleration) 5.31 kph/sec 5.15 kph/sec
3 7 2](Simulated Distance) 17.7 km 16.58 km
53 A ZH(Time (min)) 31.2 12.75
A A F7HStops) 23 None
&3] A A1 ZH(dling time) 18 % None
A% z7(Engine Startup®) Cold Warm
Alg L =(Lab temperature) 20 ~ 30 C
AR Eo] B
(Vehﬂé>1 a‘i} igngt—ignmg) ort orf

, Wgstel Ades, AWAEe el delS00), Y2 2 e
BE 334 5 du APEAE JFE BAS AL, o8 Wgos JuYNE NE=D

=

&
£

o
=

O

HIAIE 548 dgot Ade 3 & 5 gle AV Bz, A AdA

1 Warm up : 80kphF £38 Coastdown 0| % Dyno setd}! HE

N

2 Y 2 OH|FHUDDS) T AR soaking(2 14-16A4] 71

N2

3. = 8I0IH|(FTP-75 & HWFET)ZS 2 C A|H(0{Y 2 F)

(29 173] ¥~ F=3b
¥ 2~3H whE

SOC(%), Accelerator position, RPM, Speed, Torque, Coolant temp., Battery voltage &< A2}
ARl Al e = 1Hze] OBD Il tlol8 & FHSston, Al Az Aol Wz, A e, wig e
e AT MErte 25U olHe 123 A0 7Hs3 modal 20 E AP AA S

Standard =31 Al ol ofefo] =3} Zo] AFE FAsIR O, 7hEH AFY Tk Al
g 2 dv d¥EE 24
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[ 62] goFsk Ag =4

HE Ak EXs =

1 Base %71 25+1C, 7PAZF%A, 98% SOCLA, Alternator HA 15
2 High SOC(%) 25+1C, 7P Z &, 88% SOC, Alternator A%

3 Low SOC(%) 25+1C, 7FZF 2, 99%SOC,

4 High fan 25+1C, 2.5m°/s 1479, 98%SOCLA, Alt. AA 75
5 Low fan 25+1C, , 98%SOCaLA, Alt. A5
6 High temp. 29+1C 3&=Z7, 7}1:%%%_, 98%SOCLA, Alt. A T%
7 Low temp. , 7P Z 2, 98%SOCLA, Alt. A&
8 Hard driving +1.5km/he] HAZE 715 A F=F, ol =AY

9 Soft driving +1.5km/he] HAZE 25 1 FF, 0|9 2HFY

@ B AH

O 2=2E AP2A

B oTe] A4E AR APAL A LA Aol BrHe] A YAY HEr]E

Aot WL WAL B Zael Ay o) ) Y A IBE 1Y &
/\

P 47HAA.(d2 ‘% HiEl2] SOC, A 2E, RE F34) Adxd2 33 Al
37

2 oo rE X0 rlo
uskérlr

oA AATIF oW Z; & 7R AL AASIF o HRA 37FA] o] =AHES A
CBEIMRH o m AE A &7t~ X8 AR (DPF) Ao HAE A3 HolElE 435ty
Aol e FegrE 3l
[ 63] &= APz
ACES:
Wz Hl e g] SOC AldAdes HEFEA
EERRER
_ s, 74 2.5,
Y7+ A -8271(m3/s) 54 1.0, 714
AF
=7 ng}gg/a)] o 100 100, 90. 80, 60 100
0
AlHA L%(C) 25+1 21, 25, 29 25+1
ERE Y Egit =z +3.2kma)
71 e} HAz% off AZZ on
2 AldZAE d¥] 9= A3

D) 7F&4 AY
(7B Base condition

ZhERAE Al 20 de] S A3 SH S 9k 7 712 o = Base condition®l] o
gt 71Fo] RS, ole A AUASAHAANTY FEIANE NP s EIUTH, SFH, A
AEGAL R “AFA] oUA LN EE, 2472 HlEF 2 AFLHE AIPEH S &
g 3A)(2015.4.8)” & =F°te ASE o

2 S 53te] 7)o Base 21 71F &g #5391, Base condition #& =

= Fo] Alternators= A F3l7t s E = AEE W«]@L Alternator 25 /5
o #Hdt] A PP o] 4H] E% =4 éﬂr Zv‘b‘ﬂ DV\ T Zo= XP°17P SR o]

o

mi



[ 64] Base condition®] thaF A& 23}
L

%27] SOC A50C Algd e A= A H]
A& 53| vf el 2] (V)| Current LE(C) |[E(C)| &%) | dnl (km/L)
Z271 |rE km/L
OBD |ZA (A& =5 | OBD A& =8| =4 OBD | =4 FTP-75HWFET
If%’ 126 - | - | - | = = 251 | - | 2484366
Base
1-1
HW
A e R B B B - - | - [20.298
14.325 | 20.241
FTP 12.32] 12.6 |98.64|98.82| 0.18 [25.14|24.41| 25.5 260 | 25.0 14.284
Base -75
1_2 HW
FET 12.40f - 198.67]98.64| -0.03 |25.14(24.75 - 81 - 20.183

th&9] [19 174]= Base condition®] SOC, Alternator Load, Coolant Temperature 3 7}# =
A gkl gk A AIZF OBD HolEE yEd L, o] 53Fa] SOC oF 98% 114, Alternator Load <F
500W “gA] 53} 7}, Coolant Temperature ¢F 81 CZ nA = u] &9 A AvEE Ao}

}oasglel 48 # e HAT.

SOC Current : FTP-75 SOC Current : HWFET

Alternator Load(W) : FTP-75 Alternator Load{¥) : HWFET

M

'-.: w@. '-I L-..- T

L5

Coolant Temperature(TC): FTP-75 Coolant Temperature{C ) : HWFET

=y e ]} P e R

[1¥ 174] Base conditione] A A7+ OBD ©lo|g] =443}

Base condition?] & UUA LB EE =4S ¢3ste] FTP—-75 W HWFET &
b=

AIZE WjE7EAE 24T A3E obdlle] TY o R YER
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THC(ppmC1) : FTP-T5 THC{ppmC1) : HWFET

EEBBEEE
-
- owm W

cdl

b - L] L) fre ) ke 1480 1686 is30 Joah a I i Ll sl B o L iEs & e 18 b
CO{ppm) ! FTP-75 CO{ppm) : HWFET
- | L .
o 1

: Ik | | = M
B *!. 1 A J - -
MOx(ppm) : FIP-% MO=(ppm) : HWFET
= =
" J i = L : o

a L) 1 100 o o Ml g 15 om
COppm} : FTP-/% COzlppm) = HWFET
w11 \ e I
N (L)
ko g e aa

[ o ol il L0 100 LEE e Jreig iBGG D a Fl &30 s - i 1380 a0 N G oW

[Z2¥ 175] Base condition®] AAzF W&/t~ =343

(1} Low SOC & High SOC(Alternator saving) condition
oFx Al &3k Base condition oA AR &S =& AFoA 283 HFE 2 5 9= SOC%)

71%7 Alternator 2H5 AR5 #H&3}7] 93t Low SOC ¥ High SOC(Alternator saving) 71
o] g+ FTP-75 @ HWFET Azt Au|ZA AFS 533
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[& 65] Low SOC(%) & High SOC(%) conditionel] o3t A]& 2}

%27 SOC AS0C AdA (PR Wz A A
Alg |F=38vl el 8] (V)| Current LE(V) |[LE(C)| &%) | Ayl (km/L)
271 | BnE km/L
OBD|=# | A% | =8| OBD | ANz Z8| =4 |0BD|=% FTP-75/{HWFET
Low Ifr%’ - l125| - | - | - |24522541 255 | - |25.1 14.148
S0C 14.166 | 20.175
) 1w
2-1lpr - | - | - | - | - |2435/2561 - - | - P0.123
Base | Base
Low lf%’ 12.32| 12.5 |88.39/89.74| 1.35 24.19/24.96] 25.3 | 26 | 25.1 [14.184 thu] | o)
SOC 1.11%|-1.33 9
2-2 |fpr|1248| - [89.45[89.91) 0.46 24.3525.83| - 78 | - [20.226

High P_‘;‘g 12.32] 12.7 197.47(90.26| -7.21 |24.23|25.14| 26.2 27 | 25.4 14.524
SOC

(%)
HW
3-1 |ppT

14.659 | 20.382

12.32) - 189.91/90.25 0.34 |24.18|25.52 - 79 - [20.375

Base | Base

High FTP 12.48] 12.5 199.41|90.42| -8.99 |124.92|25.48| 25.0 26 | 24.5 14.794 div] | Wiy

75
S(C/))C 2.33% | 0.70 %

3-2 |ppT 12.32] - 190.30{90.38| 0.08 |25.06|25.12 - 85 - [20.389

21F2] SOCE =483 71 AlgS sl 23] H SAANE B3 23} Low SOC(%)
=710 M= Base tnl FIP-7501A41= oF -1.11% u17F2 223 HWFETol A= oF -1.33 %]
Azt e,

High SOC(%) ZANA oA 4H &g ZH A Base thl FTP-7504 o 2.33%9] nl%
7}, HWFETe| A <F 0.70 %] Anl7} Z7b8kQ4aL, FIP-75 F8 == A@ Al High SOC(%) %7 o]
Low SOC(%) 71tk einle] that 27} Zo] wj$ ok HWFET FARSojxE 2 wairt
vhehbA erghe

Z5 1.00% :II:UI L .
ey
- g
20241 20475 20 382
|Basa) {-0.33%) (0.70%)
Pl o I 7
14,325 14168 14 659 |
15 | (Basa) [-1.11%) {2,335

me B

T, 4% &} 0| ey

L B ] | pa
I : . ‘
0

HF‘ 75 HWFET FTP-75 HWFET - FTP-TS HWFET
Base Low SOC(%) High SOC{%)

Fued Economy (kmiL)

[2¥ 176] Low SOC(%) % High
SOC(%)e] Av] &= F7}t
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vl Wslsh 270 vhehd FIP-75 Falm=e] 99l shob 9)shel, 2 1) OBD dlolel g A
Arem ZA4se olE olee] LHZ= veh,

Low SOC[%) SOC Current: FIP-7% EESE condition SOC Current : FIP-7%

98% SOC 0 &

88 — 90% SOC zs]'r

HIEI1 SOC([%] sOC Current: FTP-75 ﬂ

99 — 90% S0C :é.'.i

(29 177] Wi g] Sl & SOC(%) OBD Azt H o] ¥

Low SOCI%] Altemator Load(W) : FTP-75 Base condition Alternator Load(W) : FTP-75
- 500We| D% A2 P35 500Wel D&M 25

LT a1 Lo il {74 1D Ll ikm 10d H = Firos

Hngn SOC%] Altemator Load(W) : FTP-75
. SIASL S5 MY

LA

(238 178] wiElE] &= Atejo] wE Alternator 2% OBD A A7 dHlo]H

2] OBD A AIZE HlolHE &3k 23} High SOC(%) Z712] SOC Current= 99 — 90 %=
= W37} ey, Phase 1, 294 = Alternat0r7} A=3}2] ¢2th7) Phase 3 SHbE o)A FHa}
7} Z7Vste] Phase 3 #E SOC7F X8-S &<l

F719] AR st A oA 4H] E %:% S 3ol 9lol Alternator®] 2bEofF7} w9
e Falstar, AP FF&FS F0]7] YA = Alternator7t FAFH o2 AFdE 2

=
T =
1g BRol AP AT Bt .

il
o
=

e, 4>

N

1

(th High/Low Fan condition

ZY o] FEaAE Az Ao 2k o 30.5cm(12in)e] xFFE S 938 FEAS A A5
Al Hol de=d oo g FFE 45 913+ High Fan 2113 Low Fan 202 o] A

de Ay
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[ 66] High/Low Fan conditionell th3+ A2z}
271 | SOC |, qnq ANEA [dAey W B
A% [FauE e (V)| Current |4 LE(C) |eX(C)| €=(C) | Nl (km/L)
Z7A | km/L
OBD|=4 | A2 22| OBD [A&| 28| =4 |0BD| =4 FTP-75|HWFET
Igiagrfll gg - |128] - | - | - |247025.35| 26.2 | - |25.0 [14.426
A-1 14.361 | 20.369
(2./2?1311;113‘7% L= = | - - |oss7l2527] - - | - 20425
_ Base | Base
Iglag;‘ ljg 12.40| 12.8 |99.24(98.99 -0.25 [25.39(24.33| 26.2 | 27 | 25.7 [14.295 th®] | ofu]
4-2 0.25% | 0.63 %
(2.5miHW _ _ - -
o lpET| 1256 98.80(98.76| -0.04 [24.12|25.06 84 20.312
Iﬁg‘g If'%’ - 1127 - | - | - |2a702489 263 | - |257 [14.387
5-1 14.396 | 20.371
(lgnngV% L= = - - 246702504 - - 20.336
Base | Base
%‘;‘n” lf%’ 12.32] 12.7 (98.70/98.99| 0.29 (24.2825.35| 25.1 | 26 |24.9 [14.404 wjn] | win]
5-2 0.49% | 0.64 %
(1.0m3 HW _ _ _
o] 1248 98.88(99.00| 0.12 |24.17|24.94 91 20.405
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FEAAANME AEILAE ALT AE W SFLS 25m3/sE GA otk Ak FAH ]
AL, o] FAL U Tl Av] YFE Hlw BAS Wastr] 98te] High Fan(2.5
m3/s) 18]al Low Fan(1.0m3/s) 71&S 2 A3

1

5 HWFET
an(1.0m%s)

[29 179] High Fan 2 Low Fan2] <14]

GG B}

FFolo A AA 2 o2 Base condition thH] &

BE Z70A HaAn e FIEo] ug v
ARE ol AEHEE 2 1 AY FHH IAERd WA Ao ¥z 80 CT7RA k8
3 A7HE B4 A 270 £ 3 XE FARE FFEOE e

High Fan Coolant Temperature(C) : FTP-75

S L e LES
- i 27 ~80THA 268E 4R

400 ) B0 LLrs HEs e i e By LEE e i)

Base Coolant Temperature{C) : FTP-75

ila

« 7t wneoms xa
=/} 26~ 80THK 270% 48

lam L 1A e ]

i g ] L1 I LN

Low Fan Coolant Temperature(C) : FTP-75

i

o e =
ST wns amn za
s 26 ~ BOCHA| 273 4+ 8

[2¥ 180] High/Low Fan Wz &%
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THC(ppmC1) £ FIP -5 THC {ppmC1) : FTP-7%

a4 o
T (F
- »
- =
L a1
an a
= L " o
a 0

CO{ppm) : FTP-1% CO(ppm) = FTP-7%
cC - = am
9] am O =,
= ) T ]
E o i | -ﬂ b '1
= o i = e 1] 1
D nl i ..“ L ey 2 D & A ! 3 - -
u a fo L L O D 130 AN 16E = U L i - L] e i 40 1M0 1W0
% MOx(ppm) : FTP-7T5 % NOx(ppm) : FTP-75
. - e -
o . J\ 0 = L
e 1 = =
I I: E— __.._____J. P ._.. S P— e

= Tem Ex [ ux o = mn
COWppm) : FTP-75 COglppm) : FTP-75

]
I ey

iaisiahd Eihonsiohg

= = e

i

i =

[2¥ 181] High/Low Fan condition®] AA|7}F w|Z7}2~ A A3

(2h) High/Low Temperature condition

FTEIANNE Aol APEH= ¢ ALY 25+ 20~30C68 ~86 F)E A8t rhar
A E o 7o, AP 250 met Axf A 4B EE SEAF PR = FEFE etet
71 98 AEE JYPg. 1A =S F83MWA High Temperature(29 C) 18]3 Low
Temperature(2l C)2 A @7]|FS AAste] & 63 o] AF AxE HET
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[ 67] High/Low Temperature condition®ll gl Al &2 3}

%27 SOC S0C AdA [[dRed] Wiz 3 <A H|
A& |F8|mee (V)| Current |2 2T(0) |[e)| e |4anl (km/L)
S A== (km/L
OBD|=# | A% | %2 | OBD | A& %8| =% |OBD| =4 FTP-75/HWFET
High lfrgg - l126| - | - | - |28.7202853] 300 | - |29.2[14.453
Tg{nlp- 14.417 | 20.259
@C)gor = | - | - | - | - [29.3828.49 - 20.279
Base | Base
High ljg 12.40| 12.7[94.55(94.68| 0.13 |28.43/27.81] 29.8 | 30 | 29.2 14.380 ohu] | chw]
ngp- 0.64% | 0.09 %
29 @)IEIE"YF 12.48| - |94.56/94.64| 0.08 [28.38/28.24| - | 85 | - [20.238
High }3“51’ 12.32] 12.799.00(99.00 0.00 |20.83/20.80] 20.8 | 21 | 20.4 14.214
T$TI11P- 14.236 | 20.241
(21°C) o 14.00 - |98.89/98.85 -0.04 [21.8522.47 - | 83 20.206
Base | Base
High lf%’ - 126 - | - | - l2n14]21.100 209 | - | 206 [14.257 o | opw
Temp. ~0.62 % 0.00 %
2 |ow
@C)en - | - | - | - | - [2L552054 - - | - 0275

(29 182] High/Low Temp.&] 98] JF=

37}
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THE(ppmC1)  FIP-75 THC(ppmC1) : FTP-75

n Promeee e y =

" = M MR WS @R BT EE b bR P [ EE (R TR T T ]

CO{ppm) : FTP-T5

= CO(ppm) : FTP-T5
L [= Q [w
i.g - ' :: -
[T IE ey !
= = 'l i c = ‘ [
Q i i *_ 1 o = 1" 1 II
0 ) - : Lhl (5] SNl - I
E' MOx(ppm} : FTP-T5 EEl NOx{ppm)} ! FTP-7T5
@ o] Qo |3
= -
& o w -
© = L 2 |z L
I I: ..-.;. _____ J]_l_.n_-_ A b _E I: il o ol e
COylppm) : FTP-75 COyppm) : FTP-75

i

o

Wikt 2

EEEER

SE W R R CpEn ] s = g m gEn

[2¥ 183] High/Low Temperature condition®] Azt wj&7t2~ =43

A" Az} FTP-75 Anle] 2% Hot 294 Anl 443} Cold ZANA dnl sh7o] Lhehe.
7FE- ApEFe]l zuF warm-upe] zbo]Z Hot/Cold 7oA HoH A} 1.26 %] AB] 2fo] 7} HHAY
3k Low Temp. oA W% ehgsto] =2 7|717 203 27} 225 on), HWFET 24-&
olu] xpzFo] AZF AejE AFol WAH 7] Wi AR exo] B 9n] Q= Base of vl
ok 0.09%= i k=

A
0°C T okay UN-ECE R-83: Temperature in Soak-Area and Test bed
20°C _———\—— Okay + Temperature shall be between 20 and 30°C and relative stabile.
GTR-15: Temperature in Soak-Area and Test bed
2345°C -« 23°C This is a set point (296°K)
23°C — « 23°C+/-5°C  Temperature soak area, on a 5 minute running average
23.5°C « 23°C +/-3°C  Temperature set point and tolerances during engine start
- « 23°C+/-5°C Temperature set point and tolerances during test
23+5°C + Aset point with tolerances does not mean, that everything within the tolerance is okay.
239G not okay A clear Off-Set can be rejected by the Technical Service.
not ok
23.5°C e

« Test cell and soak area temperatures measured and recorded with at least 1 Hz. Test
cell air temperature and humidity (5.5 - 12.2g H20/kg dry air) shall be measured at the
vehicle cooling fan outlet

v

Note: GTR-15 defines temperatures in “K (296°K+/-5), here it is shown in °C without decimal paces, for a better understanding and in mind keeping.

[13 184] WLTP 2=2] AlgA 9 Soaking ==

(7}) 36h Soaking condition
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AFE 25 £5CY 2ExdolA d7|sh= 271 Soaking Alzbell B3l &A= dHF
go] guH F HE Ollﬂ of AAFAE FHANA E& § FA4(Soaking roomE A4 T3}
& FH, FAANLE IAEF D ShaAFAE 12~36A%0) A, ARAEAE 1247 oo

o

7VEAATF AlY 7]Fo) 230] Base ZJEl 2] 12h soaking 73} 36h soaking =718 H|nls}
[, I AFHE g F 7o A

[3 68] 36 hour Soaking condition®l] th3F A &4z}

Z7) SOC AS0C Alga dRed| W<+ A n]
Alg |53 |welg] (V)| Current LE(C) |—E(C)| &%) | 9H (km/L)
Zz7 |RE km/L
OBD|=# (A% =5 | 0BD | A& =8| =34 |0BD | =4 FTP-75

Base ETP
23] 12.32| 12.6 [98.64|98.82| 0.18 [25.14|24.41| 25.5 26 | 25.0 14.325
S e

36h |FTP Base
. 12.24] 12.6 (92.11192.76| 0.65 [24.31|24.61| 24.9 25 | 24.9 |14.213 tiH]
soaking -75 ~0.78%

12h HEt} 36h Soaking 2712 Rt} @3 A|F 2sF WyZto] {1 =, oo mEkA FTP-75
T3 ZRko] Avl7}t shE = A aFo] WEE. Base tiH] 36h Soaking Zzd oAl Wzb F 3o
L AlZto] AQEW, WZES 9 QI FFo Qg B&7]7]9] warm-upe] =] A A Phase 1
o] AH|7} Apol7t wol Y= A
HASoE HF AnAHxzto]

[

e A 3FA| T Base thH] oF 28] ©o]2] soaking Alzte] 74 7
= 1% "o g2 Yelys S 30T 5 AS.

-7 36h | deviaon
Bass
TI!IIII‘ ‘ml (&4}

Phase 1 13.030 12812 L52

14,328 14213
{Bass) (-0.78%) Phase 2 14329 14246 058

n - Fhises 3 i it g
arfe =g - ——

" n bt T i e s
(<]

FTP:-75 FTP-75
Basa 3h Soaking CFTP-To T RS2 Phase 2 J (] >

Fusd Economy (k')

[2¥ 185] Base 12h & 36h Soaking®] ¢iv] 93w 7}

(¥ Driving trace condition

v = ApFpa-sks] o) A SAE J2951 “SURFACE VEHICLE RECOMMENDED PRACTICE®S] ~7]&#
of me}A EER, ASCR, RMSSE, IWR #4& 25 ZAFsR AL, o] & 9ste] Standard/Hard/Soft
Al 74 F8E Tt T3 FFAF Wi 24 e FI%

Standard 271& AA & %OH OA AAsta LAEE FF4 vlnAIP-S A Standard =
73} FTP-75, HWFET In| 235 v w8t o) Hard driving F8-2 2+2F -1.8 %, -0.7 % <14]
o] Zrar) yeRar, Soft driving 2N A= 3.4%, 1.9%2] 4] A<5o] YER. Hard driving =&
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A3} Soft Driving Z719] Au|xtol= Huj oF 5.2% & HmZA Z 2o]E K.

[& 69] High/Low Temperature conditionol] ™3t A &2z}

%27] SOC AS0C Aldd A7 Wz <A H]
Alf%. 3w ele) (V)| Current LB(C) |25(0)| £=(0) 03_71 (km/L)
Z7 | B= —(km/L) -
OBD|Z# | A% | %% | OBD A2 Z£8| =4 |OBD |4 FTSP 7H\’%FE
StandalFIP| _ 194 - | - | - | - | - | 243 | - | 243114153
rd =75
drivingHW
1-10 FET| ~ - - - - - - - - 19.909
14.183/19.903
StandalF 1P| _ |04 - | = | - | - | - | 242 | - | o242 14212
rd =75
driving rw
1-10 FET| ~ - - - - - - - - - 119.897
FTP
Hard |_75| ~ 124 | - - - - - 26.3 - 26.1 |14.038 13.923(19.763
dnwngHW
8-1 I I Y R N . .
FET 19.879 Base | Base
Hard | op| - 123 - | - | - | - | - | 218 | - 2a9fssor 7| Y
ariving -1.83 |-0.71
8-1 A I Y R R _ | % | %
o 19.646
Soft |ms| - 126 - | = | - | - | - | 24 | - | 2521462
drvng 14.662|20.279
9-1 I I Y R N . |
o 20.144
Base | Base
FIPL o6l = | = | = | = | = | 255 | - | 256 14.699
Soft [-75 . . . . o8] | tin
driving % %
A e e B B R ) T 204143.38/ 1.89 %
FET :

10Hz=2 243 OBD data®3-E] EER, ASCR, IWR 52| 24&
Z3 2ol2 Hlwe. FTP-75 FAREE 717ke] ©xs} 27 o

£5}e] Hardz7 7} Soft 271¢)
2o =& EER WFe} An 3

o)7} vrehd.
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Hard driving

Bose drbving

Son driving

EEREERTE - m AT TR e §ETRE

_ ls ez 0ln] 9 | 82
e LFTP-75| 2.003) 3.T5| 1.787| 1.881) C.722|-0.050
HWFET 1,050 1.710 0,845 0489 0.544 -0.57
:Ff'F"—TE_—q.EEI .EI_[E'EI'—B:DSH l]... 0,330 01.291
" wwreT 00w .00 0008 0010 02 0.0m
FTP-T5 2033 3580 1,794 1,819 0,390|-0.344
FER TAWRET| 10| 1.747] 0.810] 0.497] 0.251 | -0.507
FIP-T5 3431 5.011| 2,567 2,250 0,000 -0.564
HWFET 19,122 22,421 9.342] 7,751 +m|—1a|:_e
FIP-75 0.2571 0.261 0.230) 0.217| 0.290 0,29
HWFET 0177 0,37 0.250 0176 0.267 0.248
FIP-TS 5.531111.359? a4.441 | 380 H.EBET-B.EIIT
e HWFET 26,042 30,788 11,828| 0820, 6240 -2,235

n il i[u - -
-JMH\N- I . e

[Z1¥ 186] Standard/Hard/Soft driving®] F3) F=A H7}

[29 187] Standard/Hard/Soft drivinge] DQE(Drive Quality
Evaluation) 37} 23}
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(2 94 A4

(7h Low SOC & High SOC(Alternator saving) condition
FTP-75 2= A& A SOC z7 9 mpet ¢n] W7 &. FTP-75 =04 SOC 100 =7 tin]

1.2%(SOC 90%), 5.0%(SOC 80%), 13.2%(SOC 60%) x}ol7} U= A =
A% amAHo] WAyl PIHE A& A0 BorE. FAYH 27
FE ug g Sdd AR8-E. SOC 100, 90% = oA += njie gl A

A 24L& g =4
oA WAHE HAF= T
A JUAE AR AL

FTP-75 REolA e g7} =H Pl wtgl HWFET REE S55F0 2 Yebd. ($H34 o
H] HIL ON& 15% 743 ZAEd 2144 14 Avrt 55 58 Jells A2 FIP-75
2 o d HWFET F#3toll A wlElglrt SHA= o] &7 drsgo] F54Fo2 A7 Wi

o2 Ty,
[ 70] 7] #1E]g] SOCeo| W& x| H3k=
el %
Mode SOC 100 SOC 100 SOC 100 SOC 100
vs 90 vs 80 vs_60 vs H/L on
Phase 1 -3.5 -8.4 -17.1 -3.5
Phase 2 0.8 -5.0 -15.7 -3.5
Phase 3 -3.2 -2.0 -3.5 -0.6
FTP-75 -1.2 -5.0 -13.2 -2.8
HWFET 0.2 -1.0 0.0 -1.5
B S0C 100%
H S0C 80%
=200 B0%
00 60%
_ sl Hl Head Lamp OM 1
g
=
2
Phase 1 Fhase 2 FPhasa 3 FTP-TS HWFET
(29 188] =~7] v g SOCe| W&
SRIEE
0 W4 e
é T 100% é 0 mo§
- I g W, P Vehicle Speed - | | N RN Vehicle Speed

1 I L 1 1 L
0 1000 2000 0 500 1000 1500

Trace Time(sec) Trace Time(sec)

(19 189] FTP-75(xh) 2 HWFET($) RE A & 7] THd 7
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16 T T T T v T T T T T T
= S0C 100% 234 = S0C100% J
e S50C80% s S0OC 90%
4 50C 80% s A S0C 80%
by v SOC60% = B4 v SOC60%
E sl ¢ H/LOn é “T e H/LOn
=
E E
2 g
=) 230 + P 4
g g
2 E
w 1 §oezsl i
] . Equation ymae by
F_- i é Adi. R-Square L
w by Stangard T Wakie Sfandard Eror
162282 207428 v HWFET Fuel Econamy  Intercept I dse [R5
FTF-7% FusiBosomy  Elope 08614 a0az7e 228 - HWFET Fusl Ecanomy Siope EaeT 003663 . b
13 ! 1 . 1 " 1 L 1
4] 20 40 60 2 4 3] g
Generated current (Ah) Generated current (Ah)

(17 190] FTP-75(zH) ¥ HWFET(%) RE Ao A dAvle] FaaA

e 2] ZgEiel gk &

3k Aol RE3 AE Y. S o d33Y(80kph, 30& ]S mx]ar Coast down<

TIEE sl o E A A du|FY(Preconditioning)S vl & 12A17H~32A417F &<
Soaking ¥ & Aol A EF HodE. o] APTHS d&EHo s wETA My SHH
7F Aol mAE dFS ZS F US olv AF Hx JGH Y viE g S o] EEFsiy
g B AP A oA EdF F Coast down, of|HIF3B(SF 1A Z~15AIZE A Q)X F&3] T2
T A= A sholl Fadh wreF o dF3) 9 Coast downs D-3¥0] AAEa oH|FH S
D-1¢el 38 & DYoll & AFdS F3hste= A5 o] Ad2 ARl Addsiy vig e 4%

B 3|
He d5H02 AYe FRsHE 490 b8 & Ag = AP EE HAT} AXHA
Rohe A1 e) o)A 2201 Soaking 713t F %*ﬁ‘é}t— Agols ME A} @
A Fel 1ol IBE 1Y+ 8 F AN SR AT AT AT TAA Y
of AFHel EFH o]0

2 00(4

F7H o2 A A2 ErAolg = Ve A Estal . BAA S id 2 Aol &%
st A7 A e EAE sEHLE Addstes A, LA 7eol fle AT MEY F
e ok aQlol 3 T Aol axss A7|UAE %‘1171011/‘1 AAsk7] wEoll dnlA
4 T AV ASH R TheE. Iy EAA 07 Xi d AF2 e AT A4
T= oA A EAVNE ARESHA gL HiE ol T OﬂLﬂX]% ARgSte] Xl H-etE
Sre dHoR dRaRFES e B ¥ TdE e BrAols AT g e
2 A A5 A 2RV BHYEe 8 YHoE WHYE SAse WHeE dsaRY
= HA2AF.

WAt A EE AP PO ANAGE FAT W wEY TG} FED
$ @Al 2o meh Auls FAHI, WA BAA ] B g o Fo] Fug
AYHTE B A9 dus o,

B A AE W AguHe) FAH R xﬂ/«lﬂxl ore wEle AT w ol B
TAH e AN fstel B AY A e FAFENGO0E Yo HOT 2HA00% 2
90%. 80%, 60%)3te] AMA YL ANG. EF %XW]OH G HrH7) lshel BaA ot
4g5A e 20Q AEF FSHL on) 20 AHAYE FH Y.

(29 19105} [ 711& WA @Avie} RS Vepd. FIP-75 2=ol A wElz 384
7V €55 Avle A4 UERS S H(SOC 100>SOC 90>SOC 80>SOC 60) 2+ 374 (SOC 100%) o
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1) 24 E(SOC 90 2 80, 60%)7F = 1.2%, 5.0%, 13.2%2] AW} 3}
== o A& SOC 905S0C 100=SOC 60>SOC 80 w202 =A] LJehtom %7
A ehoka 2 Aol S U)X 9. 181 HIL On A@zdel v
ShdZd =AU 2.8%0] olul7l s1eE ol om] HWFET weo s 1.5%0 ousl aiek

_ —

ot

] Alternator saving(SOC 100%)
Low(SOC 90%)

Low low(SOC 80%)
I Very low(SOC 60%)
1 L I Head Lamp ON

Fuel Economy (km/L)

Phase 1 Phase 2 Phase 3 FTP-75 HWFET

(% 191] =~7] #iE]le] SOCe| w& AHlA}

[ 711 =7] WlElg] SOCo| W& v 9=

=49 %
Mode SOC 100 vs 90 SOC 100 vs 80 SOC 100 vs 60 |SOC 100 vs H/L on

Phase 1 -3.5 -8.4 -17.1 -3.5

Phase 2 0.8 -5.0 -15.7 -3.5

Phase 3 3.2 2.0 35 -0.6

FTP-75 1.2 -5.0 -13.2 -2.8

HWFET 0.2 -1.0 0.0 -1.5
(298 192l 24 A dAnZdaset 237 A dFde AZIARAS A =49
FTP-75 REolA Zt A dAn A= TA7I7F gk A7 whnjgsiglen 2445
0.982 w9 ¥5 3t Lxr] ¥3H =& FIP-75 Aulel] & FFS vA 3 & 2102 g,
T2y HWFET ®E9] A= whilg] 73 &Fo] yetuA egton AAYAs= 0502 e
FTP-75 31 HWFET R E=2] oA 3toll A viE gl o] S 87t el A" e 53 SOC =
Ho] HWFET 2E dAnlolE Ao JFe 74 & Aoz #ud. o, o Ade IEE2 3
Y WA HWFET o] Aol whet FTP-75 R= 8l AR 233k 4l 7]
Fe vNA Geg s E @

3t Ao g AA| BEEFE A A SOC AE)7F ¢nlo

Rl
o
=]
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30 : . . 30 ; , ; ,

SOC 100% SOC 100%

® SOC90% ' i ® SOC90%

A SOC 80% A SOC80%
a5 v SoCc60% | B¢ v SOC60% -
£ e HLOn 2 ¢ HLOn
> T | ewe
€ &
=} o
S 20 . S 20| i
o o
© °
2 2
ﬁ — E 16
T 15k : . - .
= R’=0.978 £ ,

L T R"=0.498
Intercept=16.2212 .
[ Slope=-0.05514 1 Intercept=23.4506 J
Rl Slope=-0.08397
10 L L 10 I . 1 .
0 20 40 60 0 20 40 60
Generated current (Ah) Generated current (Ah)
(a) FTP-75 mode (b) HWFET mode

(13 192] Avldyet 7] Y7 34

(19 192]9] H=o ZF 2o tgx AFoA 58 Az WA *MP@
FTP-75 ZZoA SOC del7t @S5 A7 7F Aiksle AFY 42
WA 7] {7 0A7F == F+3Fo] vEeld SOC Zel+= 100, 90, 80% ©] 312

A 5. HWFET BEoA = R A o] FIke] Tt AlgzdoA UrEP;ki»} o g 3@ T3t
NN UeEbom B AE FAE YERA %A B A A ARARFE 20A YR o
AtA dEbor FZFH $AE 7] SOCe Hl#EshA &3
(2% 192]9] &2 7} =119 EHE Ao 58 AAzE wiEE F - 3AgES YEid L
A HIEE ZF - B AFANAE FAA ] F3& TLd AHAA AT 5 o LA
o] FxrollA ZAHHFTFO Y9 Q(BHEM NUYAE A E YEPES 1T + A1
AZE 5 oF 140% o] TRE w79 oy x| 9} wiE gl oy
F

SOC 100% =4l A= FTP-75 2= o
A& FA ARl Slas & 4 35 HWEET RE=o £ A3t M mige 5 - 3
o] 0Aol 7FA Yetde A& B AFREoA drA st o] Foix] ek A

H/L On Z7eAx+= HILY A7]153t2 13t FTP-75 @ HWFET 2= zukel] A X 40A <
ol AT AR[FE £2%skaL 9o FTP-75 U‘:OML B} =39 TxiA o7y vERd 73R
HWFET REoAM= v =7 vebd. wWiE e 5 - 3 F 94 0Ad] 7HA Yehd=

X
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T ool i e
1o o
N

XN

2o
wn
@)
'e)
N

C o
g
H.l_,
}
WHU
T
= o
ot ¢ "
o
EL
SRS
é
o 2
N B
7 8k
7o
\]f
Umlo
I 4
2
5
it
r‘jrzﬂi‘
N
Jl}lrjg
==
o
i)
>
o
=2
>

o

SO

ox
noy

rlr

N

i)

e g
o
oot
o3
kol
Ad)

w2 >
T
o =
S|
]
;%
td
rl
é
_>|:
"
9
rlr
}L
0
.
e
i
i)
_EL
Syl
H
av]
4
(@]
td
ﬂ
L
it
o
o
ox

Fa ﬂzﬂ ol /\l 01] Hl—?—fﬂﬂ % SOC7} 95‘% FFo ]11] Soakmg 7]
AFE nHTIHH AP A1Z A SOC= ¢F 90% o= HAdsE. SOC 90%2]
T 16.9Ah°] HiEl 2] oA AREFFS 3.8Ah°lE§ z - Ho]';d &< 13t
Fﬂ1 A7) AAAAFT AAEFS oF 20.7Ah=E 4 E. o] 7
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o B oy
. P
%k
o o g
40

f
k]
I
T
=
N
i
N
N
2
fo
i
N
50

2 0 XN NN 2 2 i o of
il N 2
ﬁ&l
o
o g

=2
1o
g
R —
E
l:o(
<)
fir
—
o~
R



= o = = 3 . [e] 1=] -3
= 7ML JenR ¢ AdE BE AF] dwtslste] H&shs AL 2 AR AR
o > 5 A 5 =z o= 5
U 9ok o] Aubael A% AnAY Aol SOCeH BHA o7} v AL Aol Foetm W
S o) & = 5 [e)
B AnAdE Algdz7] SOCo tidk g7t 2ag< AlA
————— 300 300
ST R
— SOC 80%
100 —— SOC 60% 100
g 50 fzoog g 50 mg;
3 0 2 3 o @
S 0 = o
g gz 2
g 50 e & - J1002
-100 [ ‘ \ -100 ¢
| LT ~— Vehicle speed 4 {g | ("‘HW AT P / Vehicle speed i || [
L Y H il LaflaW AN N YA . il i m mw ! A LY P
=E0 ‘ww‘w Pl i, g a1 A A 0,
0 1000 2000 0 1000 2000
Trace time(sec) Trace time(sec)
(@) FTP-75 mode
T 300 T - r 300
150 [——soc 100% 150 H—F——SOC 100%]
—— SOC 90% ——80C 90%
— soc 80% —— S0C 80%
Ry — soc 60% 100 - 50C 60%
% 20 i‘: 2 5 i 20 g
g a3 0 \ -3
<100 e ik “ ‘ ~V “ 0 - / \ ’ ' .y
" i !~ Vehicle speed ‘ | Y Vehicle speed ‘\
150 T ] i -150 |- =t 7
: . ; L | . i} . L
0 ‘ =00 1000 o 0 ‘ 500 1000 1500
Trace time(sec) Trace time(sec)

(b) HWFET mode

(23 193] AARE 27 BAAFZFED 2 e 5 - A3

[ 72] AZ7F AR 7o A4t wiE el 5 - 3 AR Aqtd

Condition
Integ. SOC 100% | SOC 90% | SOC 80% | SOC 60% | H/L On
current(Ah)
Alternator 9.461 16.878 25.820 47.655 21.301
Batter charge 2.033 7.101 14.639 33.938 2.562
anery discharge 6.895 3.847 2.594 0.590 1.418
Alternator 7.828 9.777 11181 13.717 18.739
- Battery charge

(1}) High/Low Fan condition

A ANEH W W7 2do] Avld H X FF wlg e I ARS div] g
(1.0m3/s) AF-& A FTP-75 E oA FgFe ujg Fotom, 7pHI ALE v 24 3M(1.0m3/s) A
€ A HWFET 2=0lA 1.0% vz} ZH43sh 24 W(2.5m3/s) AHg the] 24 M (1.0m3/s) AH&A
HWFET 2E=olA 1.2% 987} ZH43%F HWFET REo)A dnjstete] ¢l grjooly = %
T ME Hr|FEetE A9, FFEE WS FOou JPHA ARRA] AHEEA| 2 gl ool H
Hol nABM AHEA A AoE FAHE. AHM(2.5m3/s) AHE thE] Z3M(1.0m3/s) AHEAl
ghrjoolE] W ALE-Fo] F7HEh

Az o Yz AL AYADPEE FASHE o] FeAA Ao Berey B Ao
A RQl EF ol mE Aule] GFo| BHSPo we 1A M AL A FEF FF A4S
Agsta WA AgAve] AG05cmE B E5atodok



o9l %
Niotle 7P vs 7T vs 39 (2.5m°/s)
1.4 (2.5m%s) 1.4 (1.0m%/s) vs A (1.0m%/s)
Phase 1 0.5 -0.1 -0.6
Phase 2 -0.2 0.7 0.9
Phase 3 -1.0 -0.3 0.7
FTP-75 -0.2 0.3 0.5
HWFET 0.2 -1.0 -1.2
B Vanible Fan
I Fiaed Fani2 Sml's)
I Fixed Fani1.0m¥s)
g L
E
g
wosl
(]
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20°C e Oy + Temperature shall be between 20 and 30°C and relative stabile.
GTR-15: Temperature in Soak-Area and Test bed

2345°C - 23°C This is a set point (296°K)

23°C — + 23°C +/-5°C  Temperature soak area, on a 5 minute running average

23.5°C = 23°C +/-3°C  Temperature set point and tolerances during engine start

+ 23°C +/-5°C Temperature set point and tolerances during test

v

23+5°C + A set point with tolerances does not mean, that everything within the tolerance is okay.
239G not okay A clear Off-Set can be rejected by the Technical Service.

5~~~ potokay
23-5°C

+ Test cell and soak area temperatures measured and recorded with at least 1 Hz. Test
cell air temperature and humidity (5.5 - 12.2g H20/kg dry air) shall be measured at the
vehicle cooling fan outlet
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A 2015 update.
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~FWAS A A BN = AE2AEEA] + 5 + TMEAAEA - FE.

- A7 AsAE 2kE §A = 185,508,736 R
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@ AFAAY Ha FAA AT AT £ FE FH

AgAAu ] T FAO) o3 ARTEE YAFe QolA QO i
webd] AFAARE AE FAHE Aol wstel (19 21010 4248 AEE, A7wE
AR FA ] B A, ok WHlE AFAANY T FAE &u X
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7y ARE 2793 AsEg0l 371E A R
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N2ty ARE, 2/(ME 99 4 193} 2ol 242+ UL
4% Ae TAW ol ABAdue] Ha FA @ fFustAe] st ey

Aol 4 @ e Aoz FIAT F IS
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AzHos AEAANY e FA AT AUFAY LUTFR FRFRE 556908 34
9. ueb] AEAAUE kA FASE B9 ANFTAL 5569 AWF Sk Aow
98, ARHOE ABAAN 5% Fi FAo) AT AT UFE FYFRE AF
Acdule] 5% Tl Aol % ABFAY £ATRG FAT Ao WAL,
@) ABAAn ] B - T FAE LHE FEOZ AGIE A4S AT F/HFRE O
&3 2g

[ 79] A-sxkAn] S - 2 FA AAN 2T AT SR

St BAE
5% 10% 15% 20%
A8 Ay ST B 5669 ¥ 2,264< 9 5.094¢ ¥ 9,056 ¥

4) #AFat AnlE v MR oz SAHS ] anjAbdA AS3 ARE ALsts 45, Al
o I - A FAol o7 AR ol mE AR FA Ede BT UIE S =T

B Ao BAAR ANFA FAFRY AYE SR o2t o ey

2. AAH S &3EA
7y A2 A 59

(D) A=z o8] AL YR E88 FAA 77 3 #E Vg HeozRxA0=E z}
A Aule] BAE B AsAUe) AuAAel dF wd g AFIAL flely B A&
MEe R axrt dAysh

Q) BAC 71x7} o= AE A=d AQl7}E
Blo] T3t AA ZAAEL] Y

219
TN, ol FEALRE Ut A AAY] BIE 71| F5og olojd

(D AA - Ao Qv 53 D BAG) Wt ol AAA HFE ANE ANE I AFA &
8 S LUAEA TN 3 FAALN A5 F
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3) B Azxl : duAY ¥ d7 2HFOUAEAAR) A FRE
LE AASI, FE5& JdUAE JUH, AR, LPGE EF3S F A5AH i wE g
Jeu g 7tAE Holow X

Feuet 58 AL vl (3 80]d AdH Bkt 2

.

[3£ 80] 2014\d & ANHALE v F

EEEE v EREE e 9]
I 71,178 W& 19 F=158.99 | 11,316,590 k1
7B 112,090 wj & 19 F=158.99 1 17,821,189 k1
Rt ‘
R 9=158. ,
(LPG) 40,8887 Hj 18] ==158.99 1 6,500,783 k1

FEyet =58 UAYE &9 2HFEE) T drleded Eede ved 2

[ 81] #5& UALE ¥ FHEH) & reded WE%

(Et2] - (kg/2|E])

CIRE PR NOx SOx PM;y PM;5 VOC NH;
3k 0.0023 0.0000 - - 0.0033 0.0008
745 0.0164 0.0000 - 0.0007 0.0012 0.0000
o)
(LPG) 0.0014 0.0000 0.0000 0.0000 0.0001

(2) [# 82]ddl= A 9E Asiv i FHX7F FEl=o] .

[ 82] YA LE A5 AH A (T2 KD

At gag
ALH A & LPG

2015 21,834.7 40,307.2 7,711.8
2016 64,514.5 125,090.0 21,231.4
2017 148,893.5 299,521.4 46,280.4
2018 316,682.5 654,009.5 94,332.5
2019 651,305.2 1,369,436.5 188,360.9
2020 1,319,610.9 2,807,637.1 374,335.3
2021 2,655,300.1 5,692,355.4 744,215.4
2022 5,325,775.1 11,471,159.4 1,481,938.1

(3 [# 83l tirledE=d Wi 4" FAX AEEH A+

- 169 —



[# 83] 719 &4 W& Fad =4 A3 2015-2022 (9] kg)

A e LPG
NOy VOC NH, NH, PM, 5 VOC NOy NH,

221 50,220 72,054 17,467 661,038 28215 48,369 10,797 0!
201

6 148383 | 212,898 51612 | 2051476 | 87,563 150,108 29,724 2123
201

; 342455 | 491,349 119,115 | 4912151 | 209,665 | 359,426 64,793 4,628
221 708370 | 1045052 | 253346 10‘725'75 457807 | 784811 132,066 9433
281 1498002 | 2149307 | 521,044 22*428’75 958,606 | 1643324 | 263705 18,836
282 3,035,105 | 4354716 | 1,055,689 46'035'24 1965346 | 3,369,164 | 524,069 37,434
2(1)2 6,107,190 | 8762490 | 2,124,240 93*334*62 3984649 | 6830827 | 1041902 74,422
202 | 12288 [ WST05 | o000 | 18120 [ g0 [ 17639 | e | e

2 3 8 14 1

(4) ¥ Z7te ot F7] A 7N &=t

3 1)
£ 8ldl= trledE=d s A4

[ 84] 7| dEH &40 93 SAFsu g dd (S <)
2015 2016 2017 2018 2019 2020 2021 2022
NOy 19 57 132 281 578 1,171 2,355 4,724
| VOC 8 21 48 103 212 430 866 1,736
NH, 17 51 118 250 515 1,043 2,098 4,209
NOy 295 791 1,894 4,136 8,662 17,759 | 36,006 | 72,558
73 | PM2.5 68 210 503 1,098 2,300 4,715 9,958 19,262
VOC 5 15 36 78 162 333 675 1,360
NOy 4 11 25 51 101 202 402 800
LPG
NH; 1 3 9 19 37 73 147

5
[3 85]ol= ZIEIed =43 co, MiEzd4a T FAXI 2995 U+
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rio

[3 8] 7IEd7IedEd} CO, Wiz 74 e 2015-2022 (9] oD

2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022
e 44 129 298 634 | 1305 | 2644 | 5319 | 10.669
fu | 29=
i o, 45 133 306 651 | 1339 | 2712 | 5457 | 10946
2 89 262 604 | 1285 | 2644 | 5356 | 10776 | 21615
AW s | 106 | 24 | 5313 | 11024 | 2807 | 46239 | 93181
——l—uié
Bf | co, 112 349 835 | 1822 | 3816 | 7823 | 15861 | 31963
2 40 | 1365 | 3268 | 7035 | 14940 | 30630 | 62100 123’14
71=d7]
ez 5 14 30 60 120 239 475 947
LPG
o, 10 21 59 121 242 481 956 | 1,904
2 15 41 89 181 362 720 | 1431 | 2851
F A 543 | L1667 | 3961 | 8602 | 17.945 | 36705 | 74309 14%60
g Ak v STl mE @AM Wl VRS tedt 2E
[ 86] A& wdujzt AWl F7ho M AMA W] FTHTR
A%
20153 20163 20173 20223
A7)
‘;Lo B 5439 2 1,677 € 39619 ¥ |14z 9,609
T7o T
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H5E. Aridarel g8 A=l
Agah Qul Aguel AAH AU EE AR

s3]
e Sastel AR Avlol the AL8)A A
3 =

©
Al i BgA 24 2 V2ARE ATd 7 S
2 A A7ANE e 2017d 12€ 7hA] 24 FAE dejE RAsted 20181 12€ Aol FEaLA
o] mulY & AR Bebste] A NS dRst] AZA e AR AAo] A¥E F UEE AT
2 Al FFAA 71E Bl 8D F A &HA B E S8 Asa A#AE gk A EA s
AHl AR AFe FEY T JEF AFHola A e Al AAFEE 7RkE rtdd 5 5. Al
A= AL 75 T8l 5l v BEAIze] EdE A} AEar A BAE AsE 97 71 A=

2 &8 79

wg BEA AR W AV ARTH ARl Aol wkEo] Zue) AMAIA FLATANE B
BA EE dnad 9ua 0Pl 58 AAS Bl Te 7 A7ARe olojg Auste] Axae
28 Arskstn WA AW NG AT wHo| o] Fold & UEE AH F9.

byl FARATEAT} WAk 2ALFAADEAWLIP) ZA 8 olo] Felste] A7AHE 24
Tz ANR WA & AT AY F9.

w3 2017dwoE ol Al W7k ohUNW BE(AZIA, HEV, PHEV 5)Eo] that 37b2el 7
Al A G Sl 0189 RYAAE FAATHAST AR 5 AES AL 59 Fol AL,

20174 N AT — AT |
= | BEaA N o= a |
| 20184 RN —— FTARDR Y|

(19 212] A3A= #d &5 AT7AE Time Table
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AKISE = o) A
Med. A+t M EoA =8 e etV HE
Al A vz 7eAHE
1. v]=2] SAE J2951 &4

n|=+o] 2% 21338 3](SAE, Society of Automotive Engineers)®= 20113 11¥€7 o] J2951 “SURFACE
VEHICLE RECOMMENDED PRACTICE® #&& %331, o] EAs A AF £=9 A5 4 F3
LS5 Apolo) FYPFFTAH S AEFZOE FAY F Ae AAE FH 20

FHFFA EANHAME A oluA ZAAA HI7HEER, Energy Economy Rating), A
7HASCR, Absolute Speed Change Rating), A& HH &% LFEXRMSSE, AlF A 4%
3 7HIWR, Inertial Work Ratio)Z # 2|3}

L)
b

bt

3

e

o

LR +1
100 ASC,— ASC,,
EER=|1— R <100 (C ) ASC’R:TXNO (2] 2
" T
100le
N ) N
'Z(VD'&_VE) Z[WFTir
RMSSE=2.237 % || =2 ~ (2] 3) JWR:HT (2 4
T
2] 1ol A ERE olUA] AL ou|gh 2] 204 ASC,9t ARC.-& AU 71&=o] ZHEZ ZAAE

ou|d 4] 304 V9 Ve 4 FAEE} BEREEE ol 4] 40X CFE BELEES F7] oY
Ag, Wi pe 53 9 H53x 3A4YLY FEU4S 9r g

v =9 EPA(Environmental Protection Agency)oll A= 10Hz 71&<] FTP-75 ¥ HWFET F3 =& =23}
= AFsH, ol EME SAE J2951 FAFTAH A4S Y GlE JdHU  F4

https://www.epa.gov/vehicle-and-fuel-emissions-testing/dynamometer-drive-schedules)

e

TP grray L iy D] by Rt
A e e E o e B

N Y
il

T I I L aL]

(29 213] EPAS] 10Hz 8 =259 A ZAE

2. T8AFA AY] e 247t~ W&+
7h vl (A5 g B ZolF)

EPA<} NHTSA (National Highway Traffic Safety Administration)-& 2017~2025 light-duty X3S thiad o=
National Program< 73}et7| 2 AAHZ= 0509 35 T8 24712 A%, A5 A Fdo] 7t 7]
) &), EPAE £4712 vjE A S Clean Air Actoll 2743t £9), NHTSA+ CAFE (Corporate Average

(

26) No.3 SAE J2951 Driving Energy Validation
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Fuel Economy) ++#1& Energy Policy and Conservation Act A 3ol A&

EPAS] 24712 A= MY 2017~20252] PC (Passenger Car), light-duty truck 2 medium-duty passenger
vehicles tig o2 A&H. 247t~ 74 A& 2 24712 AZho] o2 A8 4% 4o &Iud
2025 average industry fleet-wide 7] 163 grams/mile (1722& & 54.5 mpg (miles per gallon)ol “3-&3}+=
s=])o] 71t (Light-duty vehiclee &) US. %53 A#H *—1% Are-EF 9 GHG vi&39] 60 % %=
A8kl 917] o &l light-duty vehicleS FH o2 A7} Z3std A ). EPAZF =43 light trucka} =&
o th3t fleet-wide H CO, WiEF 4] =5 CO, HlE=9| footprint curveE 7|&0. 2 3tal 9o
olof whg}, Zt zp&Fol] thal] AFF o] CO, footprint curve (YR 0.2 x}gFo] A7)} dASE BAE 7
ME ZASEA o]o &3t 59 CO, W& 1A o] 2R E. dutd o= ¢ 52 79 CO,
footprint curveE 7FA|&= A&Fel thsll o & ol @t CO, viEAIX7F A&l el 24 2t
FA 2AAE AarEE 23S 1#3 159 fleet-wide TFAXNE A &S, F712 02, EPAS GHG ==&
Je RFA A AstE A4 55 A g Al =(Credit program ¥ A A& Fo $)E =
A FEIA.

rl

-

= T =
1, Standards (g/mi} and Caresponding Puel Econoy {mpg)

;E:ﬁ 2013 2020 021 2022 2022 2024 F0TF
Eanamnger Cars fpgfmd) 225 212 202 121 182 172 1564 157 150 143
Light Trucks Lg/rmi) 298 | 295 | 285 | 277 | 269 | 249 | 237 | 225 | 214 | 203
iphishen i 250 | 243 | 232 | 222 | 213 | 199 | 190 | 180 | 171 | 163
Combinsd Cary & o |
e 355 | 366 | 38.3 | 400 | 41.7 | 44.7 | 46.8 | 49.4 | 520 | 54.5

[298 214] 9% Fleet-wide 71& CO, 44 W&+

AN

MY 2017-2025 71=Co.2 &9 CO, & o g FA7F ZAstdd ok 20173 9 20254 7]+ 2t
7} 212 2 143 grams per mile, truckel]l ot 295 % 203 grams per mile, ¥+ light vehicle(car 2 truck)
243 2 163 grams per mileZ 7ZHAE ZoZ o4 w, 163 grams per miled T A5 A5 F4HES
13 54.5 miles per gallonol] AH$-3lE Fx]9.

(18 215] 9 =4 light duty xt&Fe] CO, HWiES= =4
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(19 216] A= light duty truck® CO, ®HiZ= =ZA

9[99 215]= 9= AA CO, footprint &S Ueb™ CO, 9 footprint 341 18§ CO, ¢ 3
o & & MY 2016-2025 713t B9+ 7t g A= 5% s|dste o2 7 =)
[1¥ 216] light-duty truckell thdt A=® AA| CO, footprint 74 &-e YeEMH CO, 2 footprint =44
2 light-duty truck®] CO, ®WIEF A& A 7leFsS 18e CO, o B Hl&E F52
ZF3 2] MY 2017~2021 713F &2t 2 sl A= 3.5 %, MY 2022~2025 713F <2+ ZF A= 5% 5
Fog 74AaE AoF oA,

20009 €] 20169712 eA7ks MEFAE AFR AGAT Bulsts BE FF S RFOR /PP
ghe FASEoU 017dRE 202594XE A FF sHnE wEHeEe Ausgon
Footprint(ih kel 7z erolole] Ae]) x FAMF Bholole] A) A< 2 &3] L& 7hela)

Qo A A T2 7EE D A<

FLEET AYERADE GREENHOUSE GAS
EXHAUST MSAES EMESION REQOUIREMENTS FOR
PAESEMOER CAR, LIGHT-DUTY TRUCK, AND MEDIL-
DUTY PASSENGER VEHICLE WEIGHT cLASBES’
4,000 m le Dursbifywehcle 35505

Flessd Aheermges Girenafiases Guas Sesavs
ol Fear
[ranE o e W;fﬂ.ﬂ'a:‘fl
A0S
CAN e GAS) s &5d Tln. Ly f Ay
"_|.-rf 0, GV rL-Plv
2003 k] 433
013 i 421
AU AES =
2maz 223 6t
013 227 355
4 223 157
AS A #11
REETS Al 15

(218 2171 2009 F-E]
20163 71#] &7t~ vjE7|E=
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CO s Target Value SO e Tarpel Vaiue
Model Year fgramrge'mue ) Model Year r;'ra?nrgﬁm.' )
2017 1950 2017 2030
2018 1830 2018 2500
2019 1750 2019 2380
2020 166 0 2020 2260
2021 1970 2021 2150
2022 120.0 2022 2080
2023 1430 2023 196.0
2025 197.0 2025 188 0
2025 and subsequent 13910 2025 and subsequernt 179.0
<Footprint 41ft2 ©]3&}> <Footprint 56ft2 =3}>

[ 218] 2017d E-¥ 20253@ o|&7lA &471~ vl&7]&(PCs)

- Footprint 41ft2x==} 9 56ft20]3} A2 b3 22 F2o =2 WEr|es AF

.’»F.ZIJ“'.'.','IJJ" ?-.'I 2
bty has  la
s .35 )
2119 iy pa
(2020 Ao (]
2121 L
Target g Cimile = [ax f] + & 1
[20:22 .69 i
Where iz the vehicle footprint and (2024 354 HiE
coeficients & and b are selected from the folowing tatile far the b bie
applicable model wear, T
PR ¥ [2728 and il
Eubsaquent

[28 219] Footprint 41ft2=% 3 2 56ft20)38} x}&Fe] wWj&E7| & AH&2)

T3 20179 RE = 78 247F2=20 N209} CH4A Wi &%= 3t sidxtE<e N20= FTP-75 A&k 71+
0.010g/mi(PC, LDT, MDT)& Z3#3a}A] gFotef dta CH4+= 0.030g/mis Z st olof 3t

N20 % CH4 5374 & FIP-759F HWFET mode® A##< E33te] 719H 7 N20E 298714 CHAE=
25744 S8, AZAE A7) F A BE F S Al 89 s1%0] Baslok .

A 2 A UNECE

UNECE?] 374 2993} o= 1&(GRPE, Working Party on Pollution and Energy)ell A theFst &S &
3 FAFFY BAS Ys9a, B4 NEDC FHEEE thA@ WLTP FYmc Aol AHgata 9l
.20 2pgo] B £ 2 wrE u) ER, DR, EER, ASCR, 183l RMSSEE 00l 7124 &, F=dAY AR
FRANAE 719 A4 ghol =AY FS gs el =, old g WS S5t Z}E*/\l d T FAHS
T AT 78S Uetd + A3

27) WLTP-06-16e - OIL#41 Drive trace index by Japan
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Possible . ook [Ref] EPA
T i
S brief description ‘ applicability | i
ER I defined as the percent difference batween the-
total driven and target cycle energy NG
DR iz defined as the percent difference between the
total driven and scheduled distance NG
EER Is defined as the percentage difference between the
distance per unit cycle ensrgy for the driven and NG ./
target traces
ASCR Iz defined as the percentage difference between the
ASC for the driven and target traces OK
I'WR is defined as the percentage difference between the
inartial work For the driven and target traces OK
RMSSE  provides the driver’s performance in meeting the
schedule speed trace throughout the test cycle in 0K
terms of the Root Mean Squared Speed Error
(19 220] UNECE #3534 4 #8484 AEAR
BLOWhat AMID hat ~HIGH hot & EsHIGH hal SLMH hat ALMHH hal CILOW ool
LMID cald  HIGH cold CExHIGH cold @LMH cold &LMHzH cold
= Energy rating [ER] = Distance rating [OR] = Energy econamy raling
Poasis crbein [EER] shsstie crteia
e FEEEEERSh R ¢ Free TR
%, L A ALY Igﬁ R P i i 450
5 I ENEE 96 8 1 O S R AR ELIEEmEAN RREs NERSa
8 i B 5
fI 1 0 5 s L i ) S N S o
3 ﬁ,ln{ gk W o i g I TR E ;
IRt ML i a0 i
! B b r‘;;;u-'n'::l'- ! A . - ¥ J&Y ] ;ms”: iy ar : J J I -cs' dr-; IH 2 :
singnr relmdionshm ||n-anr.u.l.;1|r|nr.ls i
» Absciute speed change » Root mean sguared speed
rating [ASCR] error [RMSSE]
Possibia crisna Possioie criana
i i PR JE S L P P T 2 S S S P Y
P O i S s i i By B
g e e cad R B T T ot
B . ¥ 3
:.1 i H ;i : !. ot i fin 3 W
Mo Res i R A D o A "R
b is b e s B
Pgl®ii i 15 £
il 3 [ L3 i |I._ £ = A #i il
l“_‘l‘ﬂ.& LIl ey T AR N
e duromadiie Reyearslo buasmay L

(29 221] Aol AHd F3FTAH 22D
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[ 87] AZAML dofjsls 83 2 3HEA}o] SET o F H|&

% of manufacturer's car fleet which has to meet the target

- %87 a8

2012 65% -

2013 75% -

2014 80% 70%

2015 100% (as of 2015) 75%

2016 - 80%

2017 - 100% (as of 2017)

7y 82 A7 SET+ o9 2o wefa] ALkE
SET=130+a(M-M0)[gCO, /km]

o714, 2012-2015: a=0.0457; M=A|2tALe] 2152 fleete] % Fkgl, M0=1,327kg
2016°] % : a=0.0457; M=A|Z}ALe] A5 =} fleete] ¥+ o[kg], MO0=m]74

2y stEAf 2] SETE o9 2l wehA Al4ke
SET=175+aMM-M0)[gCO, /km]

o714, M= A-52ke] F#Hkg), M0=1706.0kg(2014-2017)
M0=1,392.47]4(2018'd ©] )

Wk SETOIX A% 23k CO, & 243 RAW gt we AL 3hod JHH § g
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of A UFE HAgFH 4EF 5 UL

[ 88] 3}&E=l2] Super-Credits 2§ A&

Year 2014 2015 2016 2017 2018
Each new LCV with specific COq 3.5 3.5 2.5 L5 1
emissions of

<50g/km will be counted as Light commercial vehicles

Super Credit Al &2l #&< 9lsle] 50g/km ©]3te] CO, =] HA SFHAE A=A 2500002 43t
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[ 89] EUS A=W SET A48 4283}Ex F+ &

EU fleet average target Phase-In Scheme[%]

¢ LCV( )T Long Term Target for
or vans)dargel | oq14 | 2015 | 2016 | 2017 | year 2020

Year 2014

175g/km(CQO3) 70 75 80 100 | 147g/km(CO»)
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