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1. Background

» In order to run the efficient test, some tolerance and
flexibilities are allowed in all test procedure, such as
speed, road load, temperature and so on.

» Some of these tolerance and flexibilities have an
Impact on emissions and fuel consumption.

» Technical University of Graz (TUG) have developed
the “Normalization method” for ICE venhicles to
compensate the deviations against the target values
(see reference R1).

» The effects of Normalization method have reported
In the 8th WLTP-IWG as "WLTP-08-37¢”"

» No further study is done for HEV(Hybrid Electric
Vehicles)
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2.1 Test condition and Test Procedure

Vehicle speed (km/h)

> Test vehicle:
> OVC-HEV (Toyota PRIUS-PHV)

» Driving style & # of Test:
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2.1 Test condition and Test Procedure

day 1 day 2 (Normal driving)
Pre-con| Charge CD test (3 cycles) Soak > 6 hr | CStest | Charge

f Fully Charged Ad d Charge sustaining
1 Soak time i H
Preconditioning : * Charge Depleting Cyclo Range Reoc RL qu |Ck Check
1 Battery Charge Depleting Range R,
1 Charge and pre-con
H ..
i driving for CS test
1 =E,_(recharging
: ) energy from the main)
H First start of CE—| Cold start of ICE in
1 “default-mode”
H All Electric Rangd Continue at“A" o
: next diagram Soak
!
Equivdle
H o
1 charging
1 Testn-2 Testn-1 Testn Test - Test
(] (Transition cycle) (First Sustaining Tes)
' : €O, smissions CD i
Charglng . 'z BMISSI0NS B

I
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Soak: max. 30 minutes

day 3 ~ (Normal/Smooth/Rough driving)
CD test (3 cycles) Soak > 6 hr | CStest | Charge

Fully Charged Ad d Charge sustaining
ey . —_—
Charge Depleting Cycle Range Rene RL QUICk check
Charge Depleting Range Rep, 1 and pre_con
driving for CS test
=E, (recharging
) energy from the main)
First start of CEwi Cold start of ICE in
default-mode
All Electric Rangd Continue at "A” on
next diagram Soak
Equivlent Al
charging
A
Testn-2 Testn-1 Testn Test Test
(Transition cycle) (First Sustaining Test]
—_—
] €0, emissions CD
v . n . n . " .
wLTC wLTCe wLTC wLTC -

Soak: max. 30 minutes
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2.2. Test Results (CS condition)

@ 4 phase [LMHXxH]
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€ CO2 values are varied in the range of -10% to +15%
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2.2. Test Results (CS condition)

Comparison of the veline coefficient
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Driving style Veline coefficient
Normal—1 0.206
Normal—2 0.204

Smooth—Smooth 0.205
Rough—Rough 0.205
Smooth—Rough 0.202
Rough—Smooth 0.205

& The veline coefficient is identical with regardless of driving style
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2.2. Test Results (CS condition)
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Effects of Normalization method (4 phase)

115 ,
1o A14.7 g/lkm ¢ Maximum deviation was
. oA~ A81glkm reduced from 14.7 to 8.1 g/km.
Weorw
100 A JAG.0glkm | o 4 The deviation between normal
T —_— . .
3 o A_VO . —9 driving and smooth-smooth
o~ h o o
9 driving was reduced from 5.0 to
90 —o—Normal-1
—e—Normal-2 21 g/km
85 —A—Smooth-Smooth o
—o—Rough-Rough & The deviation of two normal
80 Smooth-Rough ..
—o—Rough-Smooth driving data was 0.3 g/km.
75 :
Measured SOC Speed Distance Roadload
correction correction correction correction
used RL value after CD test
Me:;g ed SOC correction Speed correction Distance correction RL correction 3¢
Phase Test condition co, ACO, co, ACO, co, ACO, co, ACO, co,
(g/km) (g/km) (g/km) (g/km) (g/km) (g/km) (g/km) (g/km) (g/km)
Normal-1 98.74 -0.07 98.68 -0.03 98.65 -0.14 98.50 -0.09 98.41
Normal-2 98.36 -0.02 98.34 -0.02 98.32 -0.13 98.19 -0.21 97.97
M Smooth-Smooth 93.41 0.07 93.47 2.95 96.42 -0.38 96.05 0.67 96.71
Rough-Rough 107.59 0.63 108.21 -3.68 104.53 0.61 105.14 0.76 105.90
Smooth-Rough 99.58 0.58 100.15 0.54 100.70 -0.10 100.60 0.40 100.99
Rough-Smooth 99.00 0.03 99.03 1.34 100.37 0.21 100.57 0.33 100.90
Standard Deviation (g/km) 4.6 4.8 2.8 - 3.1 - 3.3
Differenc between MAX and MIN (g/km) 14.2 14.7 8.1 - 9.1 - 9.2
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2.2. Test Results (CS condition)

Effects of Normalization method (3 phase)
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105
A18.1 g/km . -
g & Maximum deviation was
o " AN — reduced from 18.1 to 11.5 g/km.
00 —z ¢ The deviation between normal
B .
2 =1 -0 driving and smooth-smooth
QN 85 === v /X o
O driving was reduced from 6.0 to
o 80 /A/ —O0—Normal-1 g
A/ —o—Normal-2 29 g/km
75 —A— Smooth-Smooth L
—~—Rough-Rough & The deviation of two normal
70 Smooth-Rough ..
—o—Rough-Smooth driving data was 0.3 g/km.
65 :
Measured SOC Speed Distance Roadload
correction correction correction correction )
¥ used RL value after CD test
Me:zg £t SOC correction Speed correction Distance correction RL correction 3¢
Phase Test condition co, ACO, co, ACO, co, ACO, co, ACO, co,
(g/km) (g/km) (g/km) (g/km) (g/km) (g/km) (g/km) (g/km) (g/km)
Normal-1 85.23 2.55 87.78 -0.01 87.77 -0.14 87.63 -0.04 87.60
Normal-2 84.79 2.70 87.49 0.03 87.52 -0.13 87.40 -0.15 87.25
LV Smooth-Smooth 77.80 3.63 81.43 3.16 84.59 -0.40 84.19 0.72 84.92
Rough-Rough 95.47 4.07 99.54 -3.49 96.05 0.58 96.63 0.77 97.41
Smooth-Rough 85.69 4.39 90.08 0.83 90.91 -0.14 90.78 0.49 91.27
Rough-Smooth 85.76 2.30 88.06 1.61 89.68 0.17 89.85 0.46 90.30
Standard Deviation (g/km) 5.6 5.9 3.9 4.2 4.4
Differenc between MAX and MIN (g/km) 17.7 18.1 11.5 12.4 12.5
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2.2. Test Results (CS condition)
Comparison with ICE (used only +/- 10% ASCR data)
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¢ICE
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¢ Normalization method for CS condition works same level as ICE
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2.3 Summary (CS condition)

@ Impact of driving style
« CO2range : -5% to 10%.

@ Applicability of Normalization method

e |t was observed that “normalization method” has an
effectiveness to reduce the deviation of the CS test,
although the deviation is still remain (approx.10 g/km)

* [t seems that the effectiveness is same level as the
ICE vehicles.

 Further study Is necessary on the other HEV systems
for final decision of “normalization method”
applicability.

* The vehicle specific veline coefficient in each driving
style is identical.

(additional data can be found in reference R2)
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2.4. Test Results (CD condition)
All Electric Range (AER)
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o
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& AERs are dramatically varied according to the driving style.
(reduced by 80% when rough driving)
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2.4. Test Results (CD condition)

Charge Depleting Cycle Range (R¢pc)
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4 The R has a high possibility to be different due to SOC level and break-off
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2.4. Test Results (CD condition)
Equivalent all-electric range (EAER)
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¢ The EAERs are varied by -10% to +6% even though different Rcdc.
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2.4. Test Results (CD condition)

Actual charge-depleting range (R¢pp)

n-1 —
M Co2,.CS M CO2,ncycle
Repa = d_+ xd
CDA c M M n
c=1 co2cs — '"Y'coz.cD,avg.n-1
n is the number of applicable WLTP test cycles driven including the transition cycle
»When the Transition cycle was 1st cycle, then Mcoycp avgna Was considered 0.
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o
(@)] +—
SEE 50 150 =
B 4 L —
2= 62.2 100 5%
< o~
© 4 40
38 50 §2
o X 0.2 -0.2 0.2 94 1.9 S-S
o O : =
5o 30 * * o— . o 95
(&S] S _50 % IS
T2 20 5 E
= w— O
3> - -100 o =z
< 10 o To) — = < ) 2
© N~ © N €9 - -150 ©
N~ N~ ~ © N~ 0 nd
— — — — — N
0 T T T T T '200
Normal-1 Normal-2 Smooth-Smooth  Rough-Rough Smooth-Rough  Rough-Smooth

® R, IS dramatically changed when the # of CD cycle is different.

Japan Automobile Research Institute 15



2.4. Test Results (CD condition) 2016000%X

Utility factor-weighted charge-depleting CO2 (M¢q, ¢p)

< Utility factor-weighted charge-depleting CO, mass emission Mcq, cp

100 \152 E 200
T %0 - 150 =
£ 80 B
> 70 59.5 )y F 100 5§
(D N—r
= 8 60 /\ /\ Q1 / 50 E 2
é > -05 05 K _G_U/ V 8 5
s £ 50 * — —— 0 35
SO =i
> Y - 50 2 €
=° 30 S
S o - -100 o =z
Qo o 20 @
IS I
<10 % & o % % S 150 @
i i i N -l <t
0 r r r T T -200
Normal-1 Normal-2 Smooth-Smooth  Rough-Rough Smooth-Rough  Rough-Smooth

¢ Mo, cp Of the smooth-Smooth driving is 7% lower than that of the
Normal driving.

¢ If the transition cycle is varied, Mo, cp Was dramatically changed.

¢ Impact of driving style to the M, cp Was the range from -7% to 153%
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2.4. Test Results (CD condition)

Utility factor-weighted CO2 mass emissions (Mco, weightea)

¢ Utility factor-weighted CO2 mass emissions Mco» weiahted
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Rate of change comparet ot

® Mcoo weighted Of the smooth-Smooth driving is 5% lower than that of the

Normal driving.
4 Rough-Smooth CO2 is well correlated to other driving style even

though huge CO2 deviation under CD condition.

Normal driving (%)
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2.4. Test Results (CD condition) 2016/XXIXX

Recharged electric energy (Ec)
¢E, .

3200 20
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- R R 2 R 3 2 -
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¢ Recharged electric energy (E,c) in each test is identical (within 2%)
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2.4. Test Results (CD condition)

Electric energy consumption (EC)

®EC EC-_%
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& The ECs are varied from -7% to +10% depends on driving style
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2.5. Summary (CD condition)

@ Impact of driving style
 CO2/Range/EC : -80% to 150%.

@ Applicability of Normalization method

« Due to its unigue test procedure(CD condition), it was
observed that “normalization method” doesn’t work on
most of parameters (AER, Rcdc, Rcda., CO2, EC,,)

@ New methodologies or Driving Index ?
 New methodologies are absolutely necessary.
* On the other hands, the practical lab. operation needs

to be kepit.
* One of solutions is to apply “drive trace index”

(additional data can be found in reference R3)

20
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3. Next Actions 2016/XX/XX

(D Asking other parties to conduct CS testing on
different type of HEV system.

@ Seek whether an appropriate correction
method for CD testing exist or not.

3 Options to Proceed

v Optionl : No correction algorithm but apply drive
trace index with criteria for all type of vehicles

v Option2 : Apply correction algorithm on only
parameters which are well justified.

v Option3 : Develop the methodologies to take care of
all parameters.
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Reference

R1. Previous study by TUG
R2. Detalled data (CS testing)
R3. Detailed data (CD testing)
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R1. Correction algorithm of Normalization by TUG

1. Correction for imbalance of battery SOC

v
v

correct in each phase

Two option for the correction
A) simple option: Wy,,=2Uy X | X 0.001-dt[kWSs]

B) detailed Option: Wbat = Wbat_discharge - (Wbat_charge X nbat) [kWS]

> ACOy50c [9] = What/ Nar X Ke

> Npa. P 87%, Ni-Mh 90%, Li-lon 97%, N 67%, K.: Willans{&%
2. Set up a Vehicle specific Veline function

v
v
v
v

2016/XX/IXX

for OVC-HEV vehicle, apply
normal RCB correction (Not use
Willans factor)

Set up the vehicle specific veline function from the SOC corrected test data and average power

Calculate average Power (if Py < Poyerruns Py=Poverrun)
COZ [g/s] = kv X I:)wheel +D

Poverrin = Maximum power X 0.02 (*) for OVC-HEV: Maximum rated power of Engine
3. Correction for the deviation of the vehicle speed

v
v
v
v
v

4. Correction for the deviation of the travelled distanceg

Correct the deviation against target speed
ACOy, [g] =AW ypreer X kv

AW yneet = (W, pos = Wpos) X 0.001 [kWs]
Wpos = ZP(t)-dt  (if Py < Poyerrun P=Poverrun )
P=(RO+R1XV+R2 XxV2+ma) XV

v

v' Consider that CO2 is not emit during deceleration (< Pyerm

v

Correct the deviation against target distance

Ccoz [g/km] = (COZmeasured + ACOZSOC + ACOZV) /23.27

5. Correction for the deviation of road load

v
v
v
v

Correct the deviation against target road load

ACO2 [g] = AW jeel X kv

AW yneel = Z(Ppy — Py) - dt

Poty = Py = Row — Ro + (Ryw — R1) XV + (Ryy, — Rp) X V2

o COZ = Kv-"Pypger + D
i 'a'; — W WIC dota
8 LT B
O
O |LM H
y 4 y e 65765+ 30463
B000 -|
1) I:)overrun‘“'““ LMHXH
m‘f 4
b VA
B e | (e R
> P = Povernn ']‘ Area for averaging Pynes
in-rnm P wheel [kWI

Develop the regression line based on the relationship
between average power and CO2 in each phase

Japan Automobile Research Institute
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R1. Normalization method for ICE vehicle

& Test-A
E LY:
{ —Te:
o e i
8 .@i‘
- _———— —
(o]
ST —
Measured el <=t Corrected
& Test-B
20 1 —+—lestFl —m-lest = = lest
- cold hot
220 g E
w0 — —0S
-7 Ln m
Ez
gzm
1%0 -
w Measured e o wres  Corrected
an Pt distance s oz temporanure |
& Test-C
&
£ It is difficult to compepsate
—_— o
£ 2 the test result of
§v aggressive driving.
8
® lied Applied Applied Applied
Measured = gme o Corrected
I

* It was observed that the normalization
method tend to reduce the deviation
between the tests.

v' SOC correction

v' Speed & distance correction
v' Road load correction

v' Soak temperature correction

* The CO2 value for the aggressive
driving style is reduced only if 10Hz
speed signals are used for the
correction of speed deviations

* It was hardly to correct the aggressive
driving for the vehicle with automatic
transmission.

 Driving index as defined in SAE J2951
seems to be helpful to eliminate
Improper driver behavior.

Source: WLTP-08-37e — WLTP correction algorithms report
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R2. Normal driving (Low ~ Medium)

Trace the target speed as match as possible

60

Vehicle speed (km/h)

0 50 100 150 200 250 300 350 400 450

Vehicle speed (km/h)

650 700 750 800 850 900
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R2. Smooth-Smooth driving (Low ~ Medium)

Smooth acceleration and Smooth deceleration

60

Vehicle speed (km/h)

0 50 100 150 200 250 300 350 400 450

Vehicle speed (km/h)

450 500 550 600 650 700 750 800 850 900
T
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R2. Rough-Rough driving (Low ~ Medium)

Vehicle speed (km/h)

Vehicle speed (km/h)
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Rough acceleration and Rough deceleration

& high a

ccelerati

large fluctuation

\
== Target [km/h]

<o~ Low limit (km/h] ||

------- High limit [km/h]

= Rough-Rough km/h

450

0 100 150 200 250 300 350 400
Time (s)
O A  § : l —— Target [km/h]
I ‘ N I V- |------- Low limit [km/h]
Fy g --====~ High limit [km/n] | ]
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R2. Smooth-Rough driving (Low ~ Medium)

Smooth acceleration and Rough deceleration

2016/XX/IXX
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R2. Rough-Smooth driving (Low ~ Medium)

Rough acceleration and Smooth deceleration
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R2. RCB correction coefficients

¢ CO2 € Fuel consumption
120 6.0 \ ol /
!
I
< gJ St
100 Difference |s >0 \ = : :
remaining y= '0'27?1" + 40171 E \ l +-0.0303x + 4.384}
A"=0p976 =] \ R2=0.9971
80 S4.0
T y=:0.6601x + 86.241 E y=-0.0284x + 3. 71&\2 \ y =-0.03x + 3.88p5
< R?=0.993 5 R9=099320 1 4 |l R?=0.9984
260 46-30 v )
~ £ \ [} ' l \®
8 y =-0.6955x + 90.218 5 L |
R2=0,9984 g \
T T o TS Mk Hht s B §2.0 | LA e
E O Normal \ :l /
L ©  Rough-Rough \ ||' |
20 [+ ©Normal SR 1.0 A  Smooth-Smooth |~ \: / """"""""""""""""""""""
A Smooth-Smooth — = = NEC/Efuel = 1%
<o ROUgh-ROUgh 4 phase (LMHXH) —_— NEC/Eerl =5% \l/ 4 ph ase (LMHXH)
0 1 1 0.0 1 1 1
-100 -50 0 50 100 -75 -50 -25 0 25 50 75
AEggessi [Wh/km] DEgeessi [Wh/km]

® K-, and K;,, in each driving style is identical
& Same coefficient can be used for RCB correction with regardless the
driving style.
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R2. Relationship between Power and CO2

4 Normal-1

¢ Normal-2

€ Smooth-Smooth

2016/XX/IXX

120
100 | -
20
« LOW ' + 7 ( +LOW
© Paame vaee 20 |—-po o P vatee
- .
=20
50 =5 o = 50 [
Fverage P owes W)
4 Rough-Rough € Smooth-Rough € Rough-Smooth
120 120 120
100 | 100 | 100 . l e
3o il i one |2 pogmgae | o
§ i s § e R*= 09807 D § 2 | B
«LOW « LOW + LOW
20 | o P vaten 20 = o P vatee 20 b o P vaten
ao [ ao ESHIEE P
=20 =20 =20
50 =5 o =S 50 50 = o = 50 F-d

Japan Automobile Research Institute

31



R2. Drive trace index
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CO2 deviation to Normal driving (g/km)
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2016/XX/IXX

4 All Smooth-Smooth
driving data and
Rough-Rough driving
data were varied and
detected by all
Indexes

4 Smooth-Rough driving
data were detected by
ASCR, RMSSE and
IWR

4 Rough-Smooth driving
data were detected by
only RMSSE

& Good repeatability
was obtained when
the Normal driving
was performed
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R2. Time ratio of Engine stop

100
ONormal-1 O Normal-2
%0 2 " O Smooth-Smooth O Rough-Rough i
o )
‘2’ o ® 8% 0O Smooth-Rough @ Rough-Smooth
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< 70 H ©
g\’ i (o] [92] ~ o
o RS o 8 g ©_s&
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‘S ”m
o 432
® 40 s
(]
£
= 30 f

20 1

10 A

0 T 1 1
Low Medium High Extra High LMH LMHxH

4 Engine stop duration of Smooth-Smooth driving is longer than that of
other driving styles.
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R2. Charge balance

@ Discharge

2016/XX/IXX

4 The discharge electricity of
Smooth-Smooth driving is lower
than that of other driving styles.

4 The discharge electricity of Rough-

Rough driving is higher than that of
other driving styles.

¢ The charge balance of whole
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. @ Charge balance

cycle in each driving style is
close to zero.
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R2. Test Results (CS condition)

Effects of Normalization method (each phase)
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R2. Continuous data
4 Normal-1
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R3. The timing of first engine operation

¢ Normal-1

2016/XX/IXX
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R3. The timing of first engine operation

ORough-Rough

2016/XX/IXX
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R3. The utility factor-weighted CO2

¢ Rough-Smooth driving

4 Example of calculation Initial cycle Transition cycle Confirmation cycle
Rough-Smooth - (n-1) (n) (n+1)
i UL I || | | (SRR | | PR | | || [ —®&kmh |
Cycle | Phase co2 UF  |co2.cD Wg;fe y z w] Vehiclespeed — 4 |
Low 0 0.09 H Wl EREEN INEEEE N
Medium 23 0.11 o 01— bWVt Wy —|
R o] o3 ol MMM‘ Mmm |
Extra High 78 0.12 42.9 0
LOW O 004 . 62 3 0 1000 2000 3000 T\z:v?g?s) 5000 6000 7000 8000
Medium 57 0.05 8
€D ™ igh or| 0.6 . .| Distance NN ]
Extra High 124 0.06 Pt 5 S A 5 A A B e T i
cs LMHXX 99 - - E of bt T T 8
A T N MU S S S S5 S S 5 S S .o 5 S N N S -
Normal 2ol [ e T | IR [ [ [ -
s 0w — -t [ —EfiEgEkm |
Cycle Phase co2 UF  |coz cp| €92 0 =
We|ghted 0 1000 2000 3000 T‘A’l_‘l_l)g(()s) 5000 6000 7000 8000
Low 0 0.09 10
Medium 0 0.11 a1l UF T INNEEN n
b1 High 0 o13| 09 61.9 : OG - . g
Extra High 65 0.12 sosq—r LR [ ] ] ] e TE =
Cs | Lmixx 9] - ] Soef ‘/ﬁ%”ﬁi%% i iSSm=s N
2 T U201 R e s e
. . . 00 e UF1=0.09 Bt s
¢ The utility factor-weighted charge-depleting 0 w0 oo
CO, mass emission Mo, cp g, —feean ]|
= J9 Mt e 98 S S S5 5 5 5 5 A A |
k g
61000 b +—F—+—"+—"FT1T" N ——————F—+ 11—+ 1T -
M 3 ijl(u F;x Mcoz,co,j) 200 Pl | |G | [ ] Rl TR ] N
co2eD — < UE L R R S A a
j= g0 1 Powerintegration—— —
k is the number of phases driven up to the end of the transition cycle -3000
0 1000 2000 3000 TAOO(() ) 5000 6000 7000 8000
+ Utility factor-weighted CO, mass emissions o oo ISR TR T T TS T TR 11T ]
Mco2weighted 50 EEEEE
K k 61—+ MM
MCOZ,weighted = Z(UFj X Mcoz,CD,j )+(1_ZUF,' )% Mcoacs Z DEENEERE  IEEEEE
=1 =1 PERlEN I e
DY 5 I S N
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R3. Phase specific EAER

k
EAERp _ MCOZ,CS,p B Mcoz,CD,avg,p y ijlAEREESS,j
ECDC,CD,p

MCOZ,CS,p

¢EAER

30 O 1 N M0 o
T T~ N oo H) O N~ O
o S OM@ O © O g
o8 2 o NS T B SR =
‘EZ, 20 [ e 3 SRR < N & 8 Normal-1
S5 E © || < © @ Normal-2
R - Q0N oY
P15 4 M o o5 oo BOSmooth-Smooth
%: o T A g o
g_f u T A d = I Rough-Rough
c ||
ooy 10 O Smooth-Rough
£
'_-g 5 4 B Rough-Smooth
o
[¢}]
0 T T T
EAERp,L EAERp,M EAERp,H EAERp,ExH

¢ The EAER, | are varied from -20% to +7% depends on driving style
¢ The EAER, \, are varied from -30% to +5% depends on driving style
¢ The EAER, ; are varied from -10% to +2% depends on driving style
¢ The EAER, ¢,y are varied from -4% to +10% depends on driving style
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R3. Phase specific Electric energy consumption (EC_J"

EAC

OEC, EC=_~—
P EAER
n
o _AN_00 —
300 © O N % o o
288 5RS
28 250 ShEs
=0 N
[SHTT| ™
% - < o O Normal-1
(@) 200 P~ 98 0@ < © 1
o2 © — O 5 S < o o m B Normal-2
y— N~ N~ O —
= : < <
O E 2 Qo g~ XN S ™ Ao — -1 @ Smooth-Smooth
g 5 <150 QD 5 < X o o o =
n — i |
g g = = S| [T O Rough-Rough
go 100 14 | O Smooth-Rough
<
(@]
o = a -
Fy 50 4 - Rough-Smooth
— (D)
0

ECp,L ECp,M ECp,H ECp,ExH

¢ The EC,, was varied from -7% to +26% depends on driving style
¢ The EC, \, was varied from -6% to +41% depends on driving style
¢ The EC, ,, was varied from -3% to +11% depends on driving style
¢ The EC, ¢, was varied from -11% to +5% depends on driving style
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R3. Utility factor-weighted CD EC,¢ ¢p

charge-depleting electric
energy consumption (Wh/km)

The utility factor-weighted

®EC,ccp EC

Z;(u F xEC e cp,)

ACCD k UE
j=1 ]
0.4 -0.4 -1.7 31 15
N~ [ce] N N —
Te) < ™ o) ~ o
N N N N N AN
i i - i i o]
Normal-1 Normal-2 Smooth-Smooth  Rough-Rough Smooth-Rough  Rough-Smooth

& The EC was varied from -35% to +3% depends on driving style
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R3. Utllity factor-weighted EC¢ yeighted

k
‘ECAC,weighted ECpcco = Zj:l(u Fj < ECy 'CD'J')

200 20
- 180 15 o
T O =
SS 160 o Be
=7 = o
SE 140 - 1S
=] : E o
S2 120 03 1.5 (5 o<
= g = 03 -0.3 1.9 / o'
S o £100 — — 0 o=
588 —o— —— ‘\\-4.6 o5
Loz 80 ~ 5 88
R S E
Se 4 2”
= © o~ ™ < N o) ; @
£33 20 © © Lo o) ~ ™ 15 ¢
< ) O 0 o) o L0
0 -20

Normal-1 Normal-2 Smooth-Smooth  Rough-Rough Smooth-Rough  Rough-Smooth

4 The EC was varied from -5% to +4% depends on driving style
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R3. Study of the normalization method for CD test

¢ The equivalent all-electric range EAER

CO,..—CO
2.CS 2,CDav
EAER = | —=2& 9 1% Repe
COZ,CS
Z| input the normalized value
60 20
. BEquivalentall-electricrange The deviation of the normalized values L 15 2
> 50 1 |DEAER_Normalized . 82 2
c were bigger than that of measured value - L 10 S
5 40 2%
o L £ o
=~ 1.2 5
2E 0.2 0.2 6.1 s
22 30 r— —— == 0o 9%
T X C —
= 0.2 -0.2 © ©
W -
g5 20 5
% -10 5 =z
> 10 o | o o | v ™ b
5 (o) (o) N~ = & 15 ©
o N~ N~ N~ N~ (o)) o
[ — — — i —
0 T T T T T '20
Normal-1 Normal-2 Smooth-Smooth  Rough-Rough Smooth-Rough  Rough-Smooth

¢ The correction didn’t work appropriately.
4 CO2 on the CD test and R~y should be corrected.
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R3. Impacts of driving style on the CS and CD test

Test results Rate of change compared to the mean of Normal driving (%)

- T [Nomat Nomarz Teal | RO | ol | S |Nomat | Nomaiz| G0 | BS | St | G
AER km 15.9 15.9 15.9 3.2 16.0 31 0.0 0.0 0.2 -80.0 0.6 -80.4

EAER km 17.8 17.7 17.8 16.1 17.4 18.9 0.2 -0.2 0.2 -9.4 -1.9 6.1
EAER,L km 26.7 26.7 284 21.2 24.9 26.6 -0.1 0.1 6.5 -20.7 -6.7 -04
Range EAER,M km 23.7 23.7 24.9 16.7 22.0 19.8 0.0 0.0 5.2 -29.4 -6.9 -16.5
EAER,H km 20.0 20.1 20.5 18.0 204 20.0 -0.2 0.2 1.9 -10.5 1.8 -0.3
EAER,ExH km 114 11.2 11.0 12.2 10.8 125 0.9 -0.9 -2.4 8.4 -4.3 10.3
Repa km 17.8 17.7 17.8 16.1 17.4 28.8 0.2 -0.2 0.2 94 -1.9 62.2

Repe km 23.2 23.2 23.2 23.4 23.2 46.6 0.0 0.0 -04 0.6 0.0 100.6

Mco2.cs g/km 98.7 98.3 93.5 108.2 100.2 99.0 0.2 -0.2 -5.1 9.9 17 0.5
Mcoz.cs.L g/km 98.2 97.6 88.6 113.7 100.1 98.9 0.3 -0.3 -9.4 16.1 2.3 11
Mcoz.cs.m g/km 81.9 82.0 74.8 100.3 87.3 83.8 0.0 0.0 -8.8 224 6.5 2.3

CO2 Mco2.cs H g/km 87.1 86.8 82.7 92.9 87.6 86.2 0.2 -0.2 -4.9 6.8 0.7 -0.9
Mcoz.csexy | 9/km 118.5 118.1 115.3 124.0 118.4 119.0 0.2 -0.2 2.5 4.8 0.1 0.6
Mco2.co g/km 16.9 17.1 15.8 27.1 18.4 42.9 -0.5 0.5 -6.8 59.5 8.1 152.5

Mcoz weighted | /KM 61.9 61.8 58.6 71.6 63.3 62.3 0.1 -0.1 -5.2 15.8 25 0.7

EC Wh/km 164.4 164.0 162.6 180.7 168.0 152.3 0.1 -0.1 -1.0 10.0 2.3 -7.3

EC,L Wh/km 109.8 109.0 101.9 137.6 117.7 108.1 0.4 -0.4 -6.9 25.8 7.6 -1.2

EC,M Wh/km 123.7 122.9 116.3 174.3 133.0 145.3 0.3 -0.3 -5.7 41.3 7.8 17.8

EC ECH Wh/km 146.1 144.8 141.6 161.9 143.4 143.6 0.5 -0.5 -2.7 11.3 -14 -1.3
EC.ExH | Wh/km 256.9 260.2 262.8 237.8 2711 230.6 -0.6 0.6 1.7 -8.0 4.8 -10.8
ECaccp | Whikm 125.7 124.8 123.2 129.2 127.1 82.0 0.4 -0.4 -1.7 31 15 -34.5
ECac.weighted | WH/km 56.6 56.2 55.3 58.4 57.2 53.8 0.3 -0.3 -1.9 35 15 -4.6
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R3. Relationship between power and CO2 in CD test
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& There was no relationship between
average power and average CO2
during L~M~H phase in 1st cycle.

¢ The vehicle specific veline concept
can’t use for CD test.

& The coefficient of regression line of
Extra High phase of 1st cycle and
the coefficient of regression line of
3rd cycle is different. (can’t
substitute)

¢ |t seems difficult to compensate
the CO2 during CD cycle
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R3. Drive trace Index of CD and CS test
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R5. Energy flow of HEV 2016/XX/XX
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