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Test method
TP1:JARI method
TP2:VDA method




Power source & HEV System Iayout

JARI proposed to compare “Power source” to be input to the HEV system
So as to be compared with the Conventional Vehicle.
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In order to evaluate the power source(s) , it is appropriate to add the power of ICE and RESS.

By evaluating the power source,
the single formula can show HEV system power of various types.

HEV system power = ICE power + RESS power



JARI proposal considering over-estimation

JARI made the following suggestions to overcome concerns of overestimation for
adding all of the measured RESS power.

(1)Power to the DC/DC converter for auxiliaries is around 0,3 — 1,0 kW.
It is subtracted from the RESS measured power since it does not contribute to
the propulsion power. The amount of power to be subtracted is specified to
1,0kW or measured value. The 1,0kw can be commonly agreeable as shown
by the actual measurements.

(2)The power to be supplied from the RESS to the driving motor is multiplied by
the conversion efficiency (for example, 0,85 or the measured value) and
converted into the mechanical power.

4 N

HEV system power =
ICE power +  (RESS measured power—Ppcpe) X K

Pocpe : power to d.c./d.c. converter for 12V auxiliaries(1,0kW or measured value) [kW]
K : conversion factor from electrical power to mechanical power (0,85 or measured value)
Conversion factor is defined as output power of motor divided by input power of inverter.
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Parallel type measuring point | T .

Trans-
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RESS power=(RESS measured power — Pypc)

Ppcoc (KW) : consumed for 12V auxiliaries (1,0kW or measured value)

RESS power is converted into mechanical power by motor.
Converted RESS power = RESS power x K

K : conversion factor from electrical power to mechanical power auxiliaries
(0.85 or measured value)

HEV system power =
ICE power +  (RESS measured power—Pppe) X K




Test method

Test condition
>the vehicle at a fixed speed

>the RESS of the vehicle shall be charged to the SOC specified by the vehicle
manufacturer.

1) a2 s peek power ;the maximum power can be identified by applying a 2 s moving
average filter sufficient duration such as 10 s.

2) a sustained power; 10 s time duration and take the 2 s average torque and speed
values at the time between 8 and 10 s.

TP1:JARI method
HEV system power = ICE power *
+ (RESS measured power - power to DCDC converter)

x conversion efficiency from electrical power to mechanical power
ICE power *:Prepare measurement values in advance according to ISO 1585.

TP2:VDA method

To measure the power at the gear box output shaft and calculate back the system
output by the gearbox efficiency

HEV system power value at axle/wheel

HEV system power = —
gearbox system efficiency factor



TP1:JARI method

Rev.
Intake press.

Measurement duration: 10 s
1) a2 s peek power
2) a sustained power

rev

@ ICE+RESS
W ICE_Rev
O
=
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o
RESS_ power
Dyno
<€ > Time —
10s
__ | Hybrid system

RESS power= (Uress x IrRess-Pbpcpc) x &

Power curve preliminarily measured according to ISO 1585
2k unit test data of ICE was provided by manufacturer at this test.



25°C charge for OVC-HEV

Warm up and stabilized

The SOC shall be adjusted
by regenerative braking

[ start |

v
| Initial charge of RESS |
I Vehicle soak I

v

End of charge
Start measuring voltage and current.

v

Vehicle installation I

v

Vehicle conditioning
The measuring instruments other than the ammeter and €=
voltmeter shall start collecting data.

v

RESS adjustment I

v

Run the vehicle at a constant speed in accordance with the
vehicle manufacturer’ s recommendation.

v

Press the accelerator pedal to its maximum position

v

End of vehicle running I

v

Calculation of HEV system power I

Determination of maximum
HEV system

( END )




JARI Activity for max. HEV system power

specification

JARI TEST REPOR’

*HEV system : OEM info

2015 2016
A B C
Longth x width x helght | 3 99x1.69x1.44 3.95%1.69%1.52 4.69%1.80%1.71
Vehicle Weight 1080 1160 1820
vehicle kg
Gross vehicle weight kg 1355 1435 2095
Test vehicke kg 1340 1360 1933
displacemt L 1.496 1.496 1.998
engine
Maximum power kW 54 81 87
AC SYNCHRONOUS MOTOR
motor
Maximum power kW 45 22 60/60
*HEV Maximum
system | HEV system power 73 101 -




JARI test ( test facility) 1

JARI TEST REPORT

Test course

Traction [
power

(MVehicle power
=Vehicle speed X

Vehicle Mass X acc.

+ Road load

(GPS speed meter accelerate sensor)

@Wheel power

Wheel torque sensor

Chassis dynamo Hub dynamo

Traction Traction
power power

Do—SRMEAD

(DRoller surface power @Wheel power
=Roller torque X Roller speed Hub dynamo

@Wheel power
Wheel torque sensor
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Example of measurement point

Pressure
branch .

Motor
Input(AC:l)

Invertor — Motor 12
Input(V) - F e s Input(AC:V)

JARI TEST REPORT



Measuring device layout
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JARI TEST REPOR’
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Test result

- deviation

JARI TEST REPOR’
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Test course

chassis dynamometer

Hub dynamometer

HEREE A B C A B C A B C
HEV system 58.1KW 72.6kW 131.6kW 61.2kW 84.8kW 123.6kW . - ;
power
Accel-
mertor| M
e?nsgtrre]zcr)\;ent Accelerometer Roller torque Hub dynamo
Roller deviation -1.2~ -10.9~ -2.1~ -0.7~ -2.2~ -0.2~ ) ) )
torque 2.4% 10.9% 1.9% 1.1% 2.0% 0.3%
(CD)
Measurement Tire loss, environments, accelerometer Tire loss -
error factor
HEXOSV‘\’/Ztrem 62.8KW 73.3kW 131.3kW 63.9kW 88.7kW 137.0kW 64.0kW 88.0kW 131.6kW
hub Measurement Wheel torque meter Wheel torque meter Hub dynamometer
method
L -11.7~ -3.3~ -1.3~ -2.1~ -0.9~ -1.3~ -0.3~ -0.5~
~ o
deviation | 0.5~0.5% | 44 gop 2.8% 0.8% 1.8% 0.6% 0.8% 0.2% 0.5%
HE\;Osztrem 73.8kW 91.8kW 146.4kW 73.2kW 92.6kW 147.3kW 73.1kW 92.6kW 147.3kW
JARL | Measurement ICE+RESS* ICE+RESS* ICE+RESS*
method method
deviation -0.5~ -1.7~ -0.3~ -0.4~ -0.3~ -0.1~ -0.2~ -0.8~ -0.1~
0.4% 1.0% 0.2% 0.4% 0.4% 0.1% 0.2% 1.1% 0.1%

*In JARI test report , RESS means Uress X lress

The JARI method has a smaller measurement deviation than other methods
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. ey . JARI TEST REPORT
Vehicle conditioning

In order to stabilize the vehicle, it shall run at the speed of 60km/h at varying loads for at
least 20 min or with the vehicle manufacturer's recommendation.

Temperature °C
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Power test

[kw] [kPa] [r/m] [°C]
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© W 00

-20 3400
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The test results are repeatable, and stabile.

*In JARI test report , RESS means Ukress X lress



2S Eeek power

JARI TEST REPORT

Duration
80 : 5200
70 I 5100
60 i 5000
— H =0 ——BAT _out
a1 - 4800 §

0 4 sr00 |~ HEV_POWER
20 | 4600 = ENG_out
10 \/I\\ 4500 we ENG.Tev
0 : 4400

10 12 14 16 18 20

time(s)

Sufficient duration such as 10 s when the maximum power
can be identified by applying a 2 s moving average filter.

The value at which the total of ICE power and RESS power
becomes maximum is maximum HEV system power at this
vehicle speed.
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Directive 801 28WEEC as amended, ECE Regulation 85

Engine power (positive ignition)

. Job/R
ngie —— Prius1. 8L ECE—R 85 testresults )
Cubic capacity: 1798 Litres
Number of cylinders: 4 Density 07477 kg.ll@'lﬁuc
2 or 4 stroke: 4

|Enghe Speed rpm 1600 2000 2400 288 2788 3200 358 4000 4400 4488 4B00 (L] 5200 5300
Indicated torque Nm 1. 1280 133.0 140.3 142.3 1441 143.8 143.8 143.8 1435 142.3 141.5 137.1 135.8 120.8
2.
Indicated Power KW 2145 27 Bi 3528 40.22 4224 4819 5420 60.23 6612 B87.04 71.13 73.22 T34 72.04
|Fuel consumption kghr 1| 508 B.28 T.82 .01 B.38 10.72 12.18 1397 15.35 15.62 16.72 17.64 17.87 18.15
2.
Temperature at injection pump °C 2548 285 26.7 28.8 26.8 26.8 26.8 26.8 28.5 26.5 264 26.4 284 264
Temperature at fuel measurement °C 2438 248 244 252 253 257 257 2548 28.0 26.2 263 26.8 288 268
Temperature of Coolant °C BE7 B6.3 87.0 873 872 B7.3 a7.2 871 871 87.3 874 874 g7 4 B7.5
Oil temperature @ main gallery  °C B7.5 B5.3 8e.7 103.0 108.1 108.4 107.0 100.8 1023 102.4 105.8 105.2 106.2 105.5
Air Intake temperaturs 1| 238 2510 25.0 2449 M7 249 2448 247 248 M7 247 47 245 244
T Z
Intake de-pre55im| kPa [X) 1.27 1.81 285 3oz 3.08 391 5.00 530 385 3.18 2.4 2. 207 207
[emperallre after wroo-cnarger . o .
[Pressure after b charger ~ bar ntake manifold pressure
kPa
Temperature at intercooler ouflet  °C
|Pressure at intercooler cutlet bar
kPa ()
Exhaust temperature °C B57.5 A24.7 7373 758.0 7698 785.1 BO5.6 8318 2448 848.3 858.8 8772 8835 885.3
Exhaust pressure mbar
kFa 573 .81 10.88 13.38 14.32 17.98 21.12 24382 28.28 28.83 J1.83 33.85 34.90 35.40
|Baromeinic pressure{H: T2/306) mbar
kFa 101.54 | 10154 | 10154 | 10154 | 10154 | D54 | 10154 | 10154 | 10454 | 10154 | 10154 | 101.54 | 10154 | 10d.54
|Humidity %
\Vapour pressure kFa 1.75 1.78 1.78 178 1.76 1.70 1.73 177 1.84 1.84 1.53 1.81 178 1.78
|Cry atmospheric (ps) kFa Ba.7a 897 88.78 9875 9078 B84 2a.81 g9B.77 28.70 BE.70 2871 88.73 2078 Bo.7H




Determination of maximum HEV system power

The maximum HEV system power shall be determined as the maximum
value in the power-speed curve (see Figure). This requires measurements
at various fixed dynamometer speeds or at one fixed speed only, if defined
in accordance with the vehicle manufacturer’'s recommendation.

— maximum HEV system power

Power [kW]
‘I.l.
‘u
m
N
A

Speed [km./h]

Figure — Power vs. speed curve
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TP2 (VDA method)

Parallel hybrid electric vehicle (Parallel HEV)

Pin Pout

ICE

gearbo

X
RESS E-motor a Electrical power

Mechanical power

NGearbox (Parallel Hybrid, Dual — clutch automatic gearbox) = 0,97

T Gearbox (Parallel Hybrid, Dual / Multi — speed automatic) = 0,96

VDA method: TP2
To measure the power at the gear box output shaft and calculate back the system
output by the gearbox efficiency

HEV system power value at axle/wheel

HEV system power = —
gearbox system efficiency factor



TP2 (VDA method)

The gearbox system efficiency factor ,nGearbox, indicates the efficiency value for
the mechanical power transfer for propulsion from input (Pin) to output (Pout) of
the gearbox system.

The gearbox system efficiency factor depends on individual gearbox system
configurations. Therefore a value for this factor shall be used according to the
vehicle manufacturer's recommendation.

Or if not available, according to similar HEV examples .

ICE power correction factors

The ICE power portion of the maximum HEV system power shall be corrected
according to the provision given in ISO 1585 clause 6, if the reference
atmospheric and temperature conditions, given in ISO 1585 clause 6.2.1, or
the automatic control conditions according to ISO 1585, clause 6.3 cannot be
fulfilled.



The torque and rotational speed measurement devices can be substituted by
traction force and speed measured by the chassis dynamometer, if the accuracy
of this measurement devices fulfill the same requirements as for the shaft/wheel
measurement devices. If so, the measured values for traction force and speed
have to be transformed by calculation to the required values for torque and
rotational speed at shaft/wheel taken into account the specific data of the tires
and the proportional vehicle weight at axle/wheel used during the test (e.g.:
rolling friction losses, dynamic rolling radius).



APPENDICS
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>Nl | International ISO TC22/SC21/WG2

Organization for

ISO

N52Zll | Standardization | Performance & energy consumption measurement

Examples of representative HEV in Japan

The product of inverter and motor efficiency is 0.85 - 0.94
Motor type: Permanent Magnet Motor
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2005 ACCORD
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Fig. 3.11. 2005 Accord motor-plus-inverter efficiency contour map. 28



2010 PRIUS
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Fig. 3.15. 2010 Prius combined motor-inverter efficiency contours at 650 Vdc.

85

80

75



@ Series hybrid electric vehicle (Series HEV)

ICE H generator
Pin Pout

I—_\y< E-motor H gearbo

NGearbox (Series Hybrid) = 0,98

@& Power split hybrid electric vehicle (Power split HEV)

Pin Pout

ce [—
[E-motor 1 |1

| :2 E-motor 2 H
!

nGearbox (Power split Hybrid,planetary gear transmission system) =0,93




