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3-Phase Study

Goal Determine if current testing practices are underestimating CO,, range
B (for BEVs), and fuel (energy) consumption rates for RWD xEVs during
compliance tests due to a positive bias on regenerative braking

Study Milestones (Phases)

1.Test 2 RWD xEVs on a rear-axle and 4-wheel chassis dynamometer
Baseline emissions, fuel consumption and energy consumption & Difference

between 2- and 4-wheel testing

2 .Conduct constant deceleration tests on a closed-loop track
Real braking loads and on front and rear axle

3.Apply the results of Part 2 to the rear-axle dynamometer controller
Difference between standard and real-world based brake loads
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XEV Braking and Chassis Dynamometers

EV1 EV2
XEV Type HEV BEV
Model Year 2013 2013
ETW (kg) 3000 1100
Drive RWD RWD
Transmission CVT eCVT
Fuel Gasoline Electric
Emission Standard Tier2 Bin 5 Tier2Bin 1
ESS Type NiMH Li-lon
ESS Capacity (kWh) 2 18
System Voltage (V) 300 300
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Test Design

* Test Matrix

. 27.8 m/s =2 0 m/s on straight section only
- 1 km/h/s (90 s) to 21 km/h/s (4 s)

'est Repeats
Drive Cycle [m/sz] 0.3/0.4/0.6/0.710.8(1.0(1.1{1.3|1.4|1.7|11.9(2.2(25(|2.8|3.1|3.3|3.6(3.9(4.2(4.414.715.0|15.3|5.6(5.8

EV13|3|3|3(3|3(3|3|3|3|3|3|3]|3]3
EV2 3(3(3(3[3|3|]3|3|]3|]3|3|3|[3[3[3|]3[3|3]|]3]|]3]3
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Calculations
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Rear Axle Brake Load [%]

Results: Aggregated brake load curves
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Results: Modal BEV Example

—\/ehicle Speed ——Brake Pedal Position
——Cumulative Regen Braking Energy —Rear Torgque
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Results: Modal HEV Example
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Results: Aggregated HEV Profiles

Rear Axle Braking [%]




7 90-100
80-90
= 70-80
= 60-70
m 50-60
W 40-50
H30-40
= 20-30
®10-20
HO0-10

Results: Aggregated BEV Profiles
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— Results: Summary of HEV Results

» Rear Axle Braking Load ¢ Regen Braking Energy e Brake Pedal Position e A SOC
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= Results: Summary of BEV Results

» Rear Axle Braking Load  Regenerative Braking Energy » Brake Pedal Position e A SOC
100 0.55

E 380 s > " B
~ : 0.45
S 60 e ; |
Z. . L . - 0.40

- L ] ] "l'

g 40 b PS E E .

L - 0.35
e ¢ - —
-~ & 20 <
l‘? - ?° * - i a ® ¥ N 030 e
— 0 B ° e o ¢ ¢ ¢ ¢ t 8
E :E U T T T 17 T 1 |-|.| F'L |‘| T 1 :| i * T |.| I L L B I.I 025 7))
Sg 0 0.5 1 5 2 25 T 3[ |35 4 7 45 ¢+ 5.5 6 <
" T s T r e +  0.20

- -20 1 it o : L] 1 1
N L
= ! ; . - 0.15
o0 -40 T ® T l * *
%: , " - - s . I e - 0.10
<< -60 E ¢ 1

. «? .3 L - 0.05

W
* 80 L I L1 0.00

Target Deceleration Rate [m/s? B
-100 g [m/s°] _0.05 :rts




Conclusions

*Constant decelerations from 27.8 m/s to stop were generally
not achieved

*Partitioning individual tests into unique deceleration events
was a successful endeavour

*100% of the HEV braking load was absorbed by the rear-axle
for decelerations rates less than 0.8m/s?

N +100% of the BEV braking load was absorbed by the rear-axle
for deceleration rates less than 1.0m/s?

*The HEV reached a maximum regenerative braking energy of
170Wh at 0.97m/s? while the BEV reached a maximum of
67Wh at 1.1m/s?.
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