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why cooling air? repeatability & Reproducibility




repeat & Reproduce
agnostic to the embodiment of the dynamometer and the detailed test setup
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how did we selecting a representative WLTP trip
use the metrics?

using proving ground data as the benchmark
using and confirming PMP metrics




select a trip that can represent the WLTP-Brake cycle
the entire WLTP-Brake cycle takes 6.5-8 hour to run
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Trip # 10 resembles the entire WLTP-Brake cycle

Most metrics for event mix, speed, and energy are within 20% of the entire cycle
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Trip # 10 as a surrogate for entire WLTP-Brake

mix of events, speeds, braking frequency, and decelerations are comparable

Metric units All Trips Trip 10

type of event

initial soak % 1.5% 1.4%

acceleration % 15.8%
cruise/steady drive % 61.1% 43.6% 56.9% 55.9%
deeleration %
idling/standing still %
final soak %
speeds
avg time-based km/h
avg braking speed km/h
95" percentile (1 Hz) km/h
95" percentile braking speed km/h
maximum km/h
braking events
total/km #/km
Complete stops %
Braking snubs %
deceleration only
minimum m/s?
50™ percentile m/s?
95" percentile m/s?

maximum m/s



Trip # 10 as a surrogate for entire WLTP-Brake

metrics for braking events (duration, energy, and power) are comparable too

Metric

units All Trips Trip 10

Stop/Snub Duration
minimum
50" percentile
95" percentile
maximum
Kinetic Energy deceleration
minimum
50" percentile
95 percentile
maximum
total/time
braking power
minimum
50" percentile
95" percentile
maximum
total/distance
total/time

—_— - -

J/h

kw

kw

kw

kw
kW/km
kW/h




CARB vehicles

Based on vehicles in operation in CA, brake size, and replacement rates

Hondd Civic Toyota Camry ‘

| b
Toyota Prius Nissan Rogue Ford F150






test inertia per EPA exhaust test & SAE J2789:2018

test mass = LLVW + 136 kg

DefaultChart
Values

A

Vehicle Description, Vehicle GVWR, VVehicle LLVW,
Tire Size, Brake proportioning type, Hydraulic split

type

No

4

Op onal No

Doyou have
additional

Yes

vehicle data?

v

Wheelbase, CG
Height, and weight
distributions at
GVWR and LLVW

[ For decelerations }

below 0.65¢g

v

Default method
using
Tables 1 & 2
ltem 4.1

perform actual

Doyou have
friction values
forboth axles?

Yes

h 4

[

Fordecelerations
0.659g or higher

dynamometer tests
to obtain values

Y

Torque index method
using friction values and
brake dimensions
ltem 4.2

Dynamic weight

transfer method

using calculations
ltem 4.3

Figure 1 - Workflow to select the inertia calculation method



parasitic losses
correction of foundation brake deceleration using nominal (EPA) A, B, C factors

¢ Ford Focus ® Toyota Camry ® Honda Civic * Nissan Rogue ¢ Toyota Sienna
Ford F-150 * Toyota Prius @ Tesla Model 3 ¢ Veh. / m/s?
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validation of test inertias and front-to-rear split
using temperature rise for brake events representing top 5% of braking power
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what did PMP metrics work, with proper engineering
we |learn? due diligence during cooling air adjustment




temperature collectives from proving ground measurements
prior to extracting trip # 10 to adjust the dynamometer air speed
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temperature deviations (PMP + LINK check-and-balance)
allowable deviation depends upon the specific metric
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temperature deviations (PMP + LINK check-and-balance)
allowable deviation depends upon the specific metric
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temperature deviations (PMP + LINK check-and-balance)
CARB — Honda Civic (1350 kg)

40 -

30 A

20 A e

-
-
-
-
-
-
-

10 A

Vehicle-to-dynamometer deviation / °C

o

1
)/

=

)

Y]
q -

5 -10 ~
T front
Y
-20 A "\\
Y
~
\ --------

-30 -

.40 -

avg. temp. 1 avg.top 5% avg. top 5% max. temp avg. IBT  avg.top 5% avg.top 5%

Hz power IBT power FBT 1Hz braking IBT FBT



temperature deviations (PMP + LINK check-and-balance)
CARB — Toyota Prius (1590 kg)

Vehicle-to-dynamometer deviation / °C
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temperature deviations (PMP + LINK check-and-balance)
CARB — Nissan Rogue (1650 kg)
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temperature deviations (PMP + LINK check-and-balance)
CARB — Toyota Camry (1660 kg)

Vehicle-to-dynamometer deviation / °C
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temperature deviations (PMP + LINK check-and-balance)
CARB — Toyota Sienna (2170 kg)
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temperature deviations (PMP + LINK check-and-balance)
CARB — Ford F150 (2620 kg)
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temperature deviations (PMP + LINK check-and-balance)
PMP — Ford Focus (1600 kg)
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temperature deviations (PMP + LINK check-and-balance)
CARB + PMP

Vehicle-to-dynamometer deviation / °C
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time-resolved comparison of vehicle v. dynamometer tests
with predictable exceptions on cooling behavior at high speed
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in closing PMP metrics work (set of four)
pay attention to setup and transport losses
future projects may provide further finetuning
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