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SAE J2908 History

J2907 — Motor Subsystem Rating (motor + inverter)

J2908 — Vehicle System Rating

J2907/J2908 originally given SAE “J-doc” numbers more than 15 years
ago, due to lack of progress, committee was tabled

2013:J2907 restarted (published in 2017)
2014:J2908 restarted

July 2014: Argonne exploratory chassis dyno testing
Summer 2015: rented hub dyno for testing

- J2908 published Sept 2017

J2908 reopened 2020 (hybrid pickup truck HP war?)
—> J2908 revision published Jan 2023
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Fundamental options explored in
J2908-2017

Never stopped asking question: What is System Power?

J2908 Appendix B
Does not specify
efficiency values, Batte ry
goal was to receive
industry/govnt
feedback for next
release.
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J2908 Starts with a Test

Flexibility to use either dyno equipment option

Hub Dyno

or

Chassis Dyno

Wheel or axle torque sensor needed
for power direct power measurements



Prep Methods

* Vehicle ready for test must be:
1. Warm (normal, repeatable operating temperature)
2. At appropriate SOC%
= Prep procedures must simultaneously satisfy both

* Procedures for Warmup / SOC%
All xEVS, start will full charge
— HEVs:

* Engine on/off changes SOC considerably in steady-state.
* Instead of steady-state, alternative to prep by running at least 2xHWY cycles
* Target SOC: “normal SOC”

— PHEVs in CD:

*  Warmup: invoke engine start, if it starts
* Drive 100 km/h for 10 minutes

* If discharges too much (less than 33% usable SOC in CD mode) limit driving to stay above 33%
of usable SOC)

— BEVs (or EREV in CD):

*  Warmup: Cant be both warm and fully charged, must run some warmup
* Drive 100 km/h for 10 minutes

— FCV

* Not specified: still need guidance from SAE FC standards team for prep




Varied Test Approaches

First use “speed” sweep to find Pmax
vehicle speed, and then use “fixed speed”
to provide Pmax.

Road load mode

Road load mode

(or controlled sweep) Peak powertrain power (or controlled sweep) — 100% Accel Peak powertrain power
100% Accel
Wheel Full Power Sweep Wheel|
Or Axle Or Axle Segment Sweep
Power Power end
end
start
start Vehicle Speed Vehicle Speed
Some power lost to inertia
o V24
Speed Sweep
100% Accel 100% Accel
Peak powertrain power Peak powertrain power
Wheel Fixed Speed Wheel
Or Axle Max Power Point Or Axle Terminal Velocity
Power o Power Max Power Point
start.
Dyno in Speed Control mode start Low-Inertia, High ABC load curve

— “Fixed Speed”

Vehicle Speed

More test time, many speeds to test

Vehicle Speed




J2908-2017 addressed comparisons to engine power as a
future feature in Appendix B

Appendix B: Comparing J2908 Power to “Engine Power” (J1349 or UN R85)

Whereas this document prescribes a test method for measuring vehicle powertrain power at the wheel, the question
remains how these results might be compared to existing vehicle power ratings such as SAE J1349 and UN ECE R85,
The general public is most accustomed fo “engine power” as the rating comparison metric for vehicles. Wheel power will
always be a lower power result due to losses in the powertrain that take power away from the power-producing
components as it flows to the wheel.

One strategy to compare advanced new powertrains o conventional ICE vehicles is to apply knowledge of the powertrain
efficiencies and calculate an effective “engine” power. But the variation in efficiency of new powertrains would provide
unfair comparisons. Given that wheel power is the true metric that provides the “feel” of powertrain power, the way to
compare wheel power results to “engine power” results is to apply expected conventional ICE vehicle engine-to-wheel
efficiencies for all vehicles. Use Figure B1 below as a guide to make these comparisons.

1 = standard engine-to-wheel efficiency

" 11349
Engine” Engi
gine
. Power mmmm) Engine
4 (estimated) Power

Advanced

Powertrain

Transmission,
Final Drive

From small European study comparing
measured wheel hub power to
published engine power rating

[ engine-to-hub efficinecy ]
| note: hub power / rated engine power |

J2908 ' ' Wheel
Wheel Power

05 Boxster S 3.2 0.91 man rear
03 Fusion 1.6 0.91 man .
02 Focus ST 0.85 man Power (estimated)
05 Focus 1.8 0.85 man [ ) ra
06 Civic1.8 0.9\man Figure B1: Applying a Stgnd -te*l
06 Kia Cee'd 1.6 0.92 man 9 DD'Y 9 m
03 Toyota Avensis 2.0 0.88 man
04 Corolloa Verso 1.8 0.91/man The standard eﬂ'mencx valye: s de he s being compared exa I i‘
07Golf 1.6 091 man |gnonng wheel tr, expect a rear drive vehj Ie I) round compared
Audi TT2.0Fs! 099 man turbo (overboost?) E rence in expected Iosses leu of better data at
106GTI 1.02 man turbo (overboost?) “ i , t meg standard efficiency V;mc
Saab 9-3 Aero 0.89 auto e 'I E-
06 Peugeot 407 0.85 auto Type of Vehicle Layout
040pel 3.2 0.91 auto es iciency
08 Dodge Journey 2.0 0.87 auto va
Fiat Croma 1.9 0.92 auto 0. 865 Front drive, automatic transmission 1 f
9 We were looking for an
Citroen C11.0 0.9 auto Average . .
96 Galaxy 2.8 0.85 auto | 0.847 Rear drive, automatic transmission |nd ustry—W|de consensus on
99 Sonata 2.4 0.82 auto Averages: values
02 Lexus RX300 0.79 auto AWD 0.891 Manual FD . .
Audi$65.2 0.81{auto AWD 0855 |Auto FD 0.800 All-wheel drive, automatic transmission num be rs tO f| I I (0] Ut th IS ta ble ?
06 Subaru B9 Tribeca 3.0 0.81 man AWD 0.847 Auto Rear
0.800 Auto AWD
07 MPS 2.2 0.95 man . . . . N .
MB C3203.2 osalaste lrear In application, if J2908 were used to measure wheel power for a complex HEV powertrain with a front wheel drive layout
MB E3203.2 083auto  rear and an automatic transmission, the result can be divided by 0.865 (increasing the value) and the resulting value can be
02 MB CLK 3.2 087 auto rear expressed as “compare to a kW engine rating.”

Nissan Primera 2.0 0.77 VT 8



J2908 harmonized with ISO and EVE

Impulse: 1) Peak of 2s Window Moving Average
Sustained: 2) Last 2 Seconds of 10 s Window

Wheel kW

140
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10s
| —\WheelkW (129 kW)

Window filters of q
1,2,3, and 5 seconds /

t=8-10s —WheelkW-1s (127 kW)

—WheelkW-2s (124 kW)

WheelkW-3s (119 kw)
eelkW-5s (113 kW)

Time (s)



Other tests in J2908:

Have yet to find interested users

* Electric Assist Power Rating (essentially battery
power)

— 2s moving average

* Electric Regenerative Braking Power Rating

— 2-sec moving window

— Requires long, high-speed regen in order to maintain peak long
enough

 PHEV Electric-only power — 0.3 to 0.5 sec moving
average

— Procedure ramps power until engine start, 2s window not applicable
as power is always increasing (not stable)



Reopening J2908 in 2020
M” ’ ”B I n’”" e m;ﬂm ;

CAR 'TRUCK:SUV-PERSONJ o=  [wimcommn Jm»cenumoh

Broking, 80-Omph | 24t mh

Loterol Accelerotion | 0.80 glav) 083 glovy
MiFguelight l”hoceo.wgaL 26.5sec®072g (ovg)
PACHYMwyComd | /2020mpg | Target: BmiEV; 25 mpglcombl |

[seecs | 20WPorche Cayenne E-Hybrd PHEV)
Bove Price/As Tested | 2

e dS.JOOlpm m'p* ermbbcx&rooomb -

MRowelin | BSAswceORgiovy
EPACHY Hwy/Comb | T3 mi EV, 22 mpg (gash 6 mpg-e (come)

[specs | 2020 Morcedes-Benz GLS 450 4Matic 2020 Mercedes-Benz GLS 580 4Matic

Bose Price s tested | $76,195, 398,420 2 $98,795 /3124255

[Powee SAE ntl | 362 hp & 5,500 fpem + 21 Wp (e, 382 hp comb GBI NP 5 5,500 fpm + 21 hp (HeCk 483 hp Comb ‘
Torque (SAEnet) | 369 -t & 1600 rpem + 184 Io-ft fefeck 369 Ib-ft comb | 516 Tb-ft & 1600 oM + 184 Io-ftfeloc 536 -t comb PANAN
5 B Ll joows

Quarter-mie | Wa3sec uWOn'oh | 14.0s0c 21017 mph

Broking, 60-0mph ,mn | 2n
ww os7glovd) 3 | 083g vl
MTFgureEight *guue O.709lmgl mm*umow

mmmm w2/ N mpg Notmmod

Nt}

ALY |

* Media confusion about “SAE power” for hybrid pickup trucks?
* Request was for J2908 to be comparable to engine power
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UN EVE Group (ECE)

Figurc 4
TP1 as sum of estimated engine power and estimated motor power

Sustained power

8‘“5ec|

United Nations

@ Economic and Social Council

E C E;‘T RANS/WP.29/GRPE/2020/12

Distr.: General
24 March 2020

Original: English

Economic Commission for Europe

Inland Transport Committee

World Forum for Harmonization of Vehicle Regulations
Working Party on Pollution and Energy

Eighty-first session

Geneva, 9-12 June 2020

Item 9(a) of the provisional agenda

Electric Vehicles and the Environment (EVE):

|10|[’1 sec UN GTR on the Determination of Electrified Vehicle Power (DEVP)

Time (s}

200 Figure 7
Definition of peak and sustained power
180 Total power
o 200 Total power , Peak power
140 180
% 120 ICE power (estimated) 160
= 100 ,
g " JEESS power (measured) 140 / 2-sec moving average
2 @ ¥ adjusiment . s i
& 120
50 Motor power =
10 § 100
2 80
20 £
o 60
05 0 0.5 1 15 2 25 40
Time (s) 20
47, TP2 is similar to SAE Method 3. Total power is the power measured at the wheels or 0
axle shafts, adjusted by a factor (known as 1) that represents losses in the gearbox. Default -1 0 1 2 3 4
values for ng are provided for a number of hybrid drivetrains. Figure 5 illustrates how total
power is modeled under TP2.
T
f__ﬁ__.d—f”"" rev/min \p
— UNR 85
measurement Battery Engine test
points (TP1) results
*
Ry
*
RZ‘
VI
/
VK2
[

measurement
point (TP2) ~__

measurement
points (TP1)

Proposal for a new UN GTR on the determination of system
power of hybrid electric vehicles and of pure electric vehicles
having more than one electric machine for propulsion -
Determination of Electrified Vehicle Power (DEVP)

Submitted by the Informal Working Group on Electric Vehicles and the
Environment (EVE)*

The text reproduced below was prepared by the Informal Working Group (IWG) on Electric
Vehicles and the Environment (EVE) following the authorization given by WP.29/AC.3 to
develop this UN GTR (ECE'TRANS/WP.2%/AC.3/53/Rev.1). A first draft of this proposal
was made available as an informal document (EVE-33-035¢) by the EVE IWG at the 80th
session of GRPE (see informal document GRPE-80-36)

rev/min

4

Engine

UNR 85
test
results

—K2

measurement
point (TP2)

Figure 9. Power split hybrid. ambiguous under TP2

P = planet carrier and gears: S = sun gear: Ring = ring gear
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Defining “k-factors” for J2908?

J2908-2023 to focus on:

DC power Eff factor calc “K].”
“Upstream” Power
X Shaft POwerSegmyte | (Rated System Power)

Chose only Wheel Power in J2908_2017*




Tried to find suitable “k” values from testing

- use “standard k-factors”? 2 what to do when 2 methods give different answers?

True Power is at the Wheel,

From I1SO Doc: SC37 NOO93 1SO/CD 20762 20170309

Similarities in Efficiency Indicate Comparability Power-Split HEV B o e e Rt
Comment: All methods agree well. K2 o icable to PM he K of the system at the max power
. - from Toyota may work because it was - -
Rating-to-Wheel Effi . 0.92 mot * 0.93 inv = 0.85 K1
Proposed Kf's(K2s): Refer to prior sent slides aung-to-ivnest Efriciency estimated from TP1 moe e
1

for detail on how they were derived.
0.94 FWD , AWD

@ Series HEV - Like BEV

. Eng+Batt kW
0.86 FWD, e-motor assist R

0.86 RWD, e-motor assist
0.84 AWD, e-motor assist
0.86 FWD, e-RWD assist

=75+16=91kW

—ﬂv-—v-'mm—‘— Power split HEV (with eCVT) would use (

. H !
Parallel HEV | different value — WIP leaning toward “equivalent |

0.87 with higher trans efficiency engine power”

50/50 approach (s of Tp1 and Tp2 with no & factors)
(96 + 84.5) / 2 = 90.2 kW

P2
84.5 axle @ 90.8 kW

—

Any concerns, issues with the above?

whee|

* Low efficiency means an inflated power rating, OEMs will choose the highest power
rating available.

+ Given the data above, series HEVs would be better treated like BEVs, if there is concern
about fairness then all BEVs are treated unfairly because of their high efficiency.

From IS0 Doc: S5C37 N00S9 IS0/CD 20762 20170309

| TGearbox (Power split HEV, planetary gear transmission system) =0,93

e POMeTs
OCPourr O

AT —n
T DG POWeN e

Application of Methods
on Series HEV

* Engine appears to be at rated power (from data)

Application of Methods on
— Parallel HEV

Aephee Powe .. €

£ Shaft Powers e E)

P T O— )

* Engine appears to be at rated power (from data)

+ Method 2: Total power = Motor Power (CAN bus RPM and torque) * Method 1 and Method 2 are similar in value (small battery assist)
+ Method 1 and Method 2 are 23 kW different Engine >» Motor-Generatorl/inverter = * As expected, Method 3 provides much a lower power rating than
X 105 *0.98 *0.85 = anskw
* Method 2 and Method 3 are different by only 8 kW " the other two.
Battery output >>nverter>> Motor-Gen2 = implied combined inverter
e 028 08 = 1;;'2 :x total motor 100 T Axlenee = 125 KW Current OEM Catalog Ratings and motor efficiency =
™% | Current OEM Catalog Ratings {very close to 124 kw) 100 4 = Engine: 1237 kW 29/35=0.83 or 83%.
Py ——— Wotor: 30 kW {mechanical]  oarse model uses
Rl o {measured) Engine: 105.1 kw 1000 L Total: 153.7 kW -
Moter kW from Ca bus) | | F0 Motor: 123.8 kW | Engineassumed to be 0.98 * 0. 85 = 0.83 or 83%.
:: :::irm(w bush - Total: 123.8 kW a0 | at rated power here Methed (1] Not bad!
—— Eng FusiFlow ccps® 100 00— 14 123.7 +35=158.7 kW
N Method [1] T || Ehelol 35 0w {engine rating + messured battery power)
- § | wsire2=1471 007 a TR .
N e ———— (rated engine ki + aw) “Method (2) -
™ \ amol 00 ) 1237 + 25 = 152.7 kW 1
' \ L ngine ratin rted. Kf=
! Method 2 oAl A | ! {engine roting + reportec motor pawer) | _1~25/152 o
i 3000 Series HEV output = only Mator kW = U k-—’f o =0,
! Point at expected rated Eng kW Motor output: 124 kW 2007 M e B T ] Methed (3)
100 L _ Peak fuel Kk RPM 5000 CAN b 420 422 424 4% 430 432 434 430 430 440 442 444 446 448 450 452 454 456 458 460 462 464 466 468 470 474 476 478 480 Total: 125 kw _
ok iuel, pea {from CAN bus) Time [measured axle kW)
» o | Method(s Kf=116/122.5 = 0.95,
&n s 50 s ) s 50 Total: 116 kw very close to coarse re presenter's mark—ups on Using Kf = 0.86 from coarse model would make Method 2 total = 125/0.86 = 145.3 kW,
" fmeosured axie power) model 0.94 KF slide % diff = (152.7-145.3/152.7) * 100 = 4.8%.
. . B i Both 0.82 and 0.86 are within the 95% scatter bandwidth of the Monte Carlo simulation. _
sing Kf of 0.94 from coarse model would have yielded 116/0.94 = 123.4 kW, very close ?

9
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Unify approaches with a single definition of
“System Power” for all types of xEVs?

Battery :
Engine I:)C)Werestimated + Method o
DC Powermeasured

[
|
|
|

Method @) |

Define System Power Here!

System kW
ystemW | &2 O SO 2 Shaft Powers g ateq

“compare to engine ratings”

85% Standard “k-
. factors” Configuration

Axle/Wheel Power, ...ureq

Wheel/Axle kW

15



No mattery HOW result is derived, uniform definition

allows reproducibility (if result is accurate)

Test information is either
measured, inferred,
calculated, or estimated

HEV /| PHEV (from other testing)

HOW?...
4 Methods
ICE RESS
Accessories -
! Poc
1
MG1 MG2
est Py
N g ¢(___‘:’f_t_f°_"_”?f _____ Rated System
Power Location
Any Drivetrain Configuration ‘ Drivetrain |
mmsmm = mechanical shaft connection
= electrical power connection
PLocz est P = estimated power PLOCZ
] Ltocl, Loc2 = Measurement locations 1 and 2 i
Drive RESS = Rechargeable Energy Storage System Drive
Wheels ICE = Internal Combustion Engine Wheels
MG1, MG2 = Electric Motor-Generators 1 and 2
System Power Rating = est P,;+ est Py, + st Py, System Power Rating = est Py, + est Py, + ...
Pioc; * K1 = est Pys; + est Py, Piocs * K1 = est Pyg; + est Py, + ...
Pioca / K2 = est Pp+ est Py; + est Py Piocz [ K2 = est Py, + est Py, + ...

16



J2908-2023 Process: 4 Methods

Section 7: WHEEL POWER TEST (WPT) PROCEDURE
(kept same WTP from J2908-2017)

Section 8: RATED SYSTEM POWER
(this is new in J2908-2023)

Section 9: POST PROCESSING TIME-SERIES
DATA TO DETERMINE POWER RATINGS

Additional data, maps,

(same 2- and 10-sec methods)
Maximq’m 2-sec window average

RESS Logged Data

[ bc: v 1, kw
=il

ower
bench test results P N ‘\ “System Power” signal power

N

MG | MG M Measured wheel
ICE 1 2 Other Data power signal
+

— CAN: SOC, temps,

Eng data, MG1 data, WPT Data

Any Drivetrain
Configuration

MG2 data

time

8.1 Direct power measurements of vehicle components in-situ time

8.2 Reproducing wheel power test with bench component tests
8.3 Bench test driveline components to determine K2
8.4 Feed WPT results into detailed component models

Hub Dyno: rpm, T, kW
(or Wheel/axle)

e

#1 Direct Power Measurements of Individual Components In-Situ
Power from each mechanical component contributing to the propulsion of the vehicle be instrumented to directly measure shaft output power in the
vehicle during the WPT.

#2 Reproduce WPT with Bench Component Tests

First run WPT and collect comprehensive dataset from all propulsion components. Subsequently, either the propulsion components are removed, or
identical components are acquired for additional testing. The components are individually “bench tested” by accurately “replaying” WPT. Like #1 all
individual component powers are directly measured and summed to determine rated system power.

#3 Bench Testing Drivetrain Components to Determine Efficiency Factor K2
Drivetrain efficiency measured directly from test. (Drivetrain = the series of rotating components and gears between the power-producing components and
the wheels). Then use the “factor K2” method. Most appropriate where transmission power losses are easier to measure than propulsion components.

#4 A Priori Component Data, Models, or Real-Time CAN Data
This method uses pre-existing component performance data in the form of maps, models, and/or efficiency factors presumably from bench tests.1The
component data or models are applied to the signals, parameters, and states collected from the WPT. The component models or data maps are applied to
the WPT results in post-processing, or in real-time (CAN data).
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