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Presentationr @Utline

- Conventional lead=acid batteries are unable to
cope with hybrid electric vehicle duty,

- Iwo solutions

- Proving tests on the road




Tiypical range of state-of-charge, rates of
discharge and recharge and failure modes

Duty SLI Deep cycle High rate PSoC
Examples 12V EV HEV
Range of SoC 85 - 90 7% 20 - 100 % 35-85%
Max. norm.
disch. rate 10 C 4 C 15C
M Sl 0.5 C 0.5 C 8 C
charge rate
Life-limiting Corrosion, PCL I,
mechanisms shedding PCL 2 S




Real-world HEV
Battery Duty

Current pulses through
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Charge removal and return during

the same period




HEV Power-assist Performance Requirements

USABCMImimumsNIMIESUSENn
PEAYeeAlS Hendarnsignt

Maximumavi(ka) 410) ~30*
POWEN U (L0S) KW 25KW (625W/ka) | 14 KW (46 7\W/KQ)
Power Int(L0s) KW | 20kKW A (500W7ka): | 7 KW (233W/kQ)

Energy: avallabletn 1300 (7.5Wh/ka)  |450 (15 Wh/kg)
HRPSECHAVH)

Cycletliie 10]0)50/0)0) ?
PROGUCHORIEHCENS)  FS00 1017~

* Inc. BMS., ™ U.C. Dauvis report, 2003.




HVORG pUISEe POWET Charactersation

(MInIMuUumipeWerRassIst; attery-Sizerfacto= 21)

Discharge power = 25 kW Charge power = 20 kW

y = 0.0121x° - 4.5273x* + 85.95x + 37148 = | =

“ R®=0.9998 5 ; )
pr” y = 0.0488x" - 12.866x” + 1124.6x + 1547.8

R’ = 0.9996

Operational range

Minimum DoD = 21% Maximum DoD = 70.5%

|




Mechanism & solution:

I Grid design




tab arrangements
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Spiral VWound Cell with Dual Tabs




T'he role of grid design for
HEV duty

Voltage vs._time for 65 cycles of modified Rholab power profile. 16/4/02

voltage vs. time for standard cyclon pack on rholab power
profile. start @ 70% SOC, 40 degrees C

1500 2000

PUrpesedesighed grid connections extendiliieror
uninterruptedHEVioperation from | 8iminutes tors9 hours




Manufacturing

Grid Design 1
Target Weight = 65.0 grams
Trarget Thickness = 1.27 mm

EAST PENN manufacturing co., inc.




Manufacturing

Grid Design 2
Tlarget Weight = 69.0' grams
Target Thickness = 1.27 mm

3t

s

EAST PENN manufacturing co., inc.




Grid Design

Computer Modeling: Brigham Yeung
University Dr. John Harb

Design 1 Design 2

EAST PENN manufacturing co., inc.



Mechanism & Solution:

2. Expanderr Composition




uty: sulfate build-up in negative plates

0 cy:cles

S (k-ratio
14

3400 um

H, evolution

50+ 3 % SoC




EoC and EoD potentials of negative plates in HRPSoC operation
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Number of HEV cycles




sString Voltage

Previous Work
Comparison of End of Discharge Volts
Control With and Without Plate Additive
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With Plate Addjtive
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0 50000 100000 150000 200000 250000 300000 350000 400000
Cycles



Extension of Life Under
High Rate PSoC Cycling

EFailure IModes:

Solutions:

Early Gassing
INegative Sulfation
Recharge Resistance

Carbon added to Negative
Grid Design




Types of Hybrid Electric

Automobile
Micro- [ Mila=" | Medium Eull
EViDrive e
Motorrassist She et /oo o Kk ke
Regen. braking S Skg e She Sesie Y%
Engine stop Yk¢ e AE DA
Battery voltage 12 36 144 >70)0)
Battery. 50 - 60 15 - 20 6-8 6
capacity (Ah)




ALABC Demonstration phase vehicles

Battery type Capacity | \oltage (\/) | \ehicle
(An)

Spiral 50 12 (L x 12). | Citroen €3, micro hybrid
Spiral o0 12 (1 x12) Ford Fiesta, micro hybrid
Flat plate 52 36 (8 x12) | GM Silverado, mild hybrid
Spiral 24 36 (6 X 6) Ford Focus, mild hybrid
Spiral 24 48 (8 X 6) VW Golf; mild hybrid
Spiral 8 144 (V2 x 2). | Honda Insight, medium hybrid
Flat plate 7 144 (12 x| Honda Insight, medium hybrid

12)
Bipolar O 144(2 x72): | Honda Insight, medium hylrid
Flat plate 50 600 (50" x| Hybrid electric “bus

12)




Micro= and Mild Hybrids




Orbitall VRLEA Batteres for HEV.

12V 50 Ah 6V 24 Ah
RC 95 min RC 40 min
800 A CCEN 400 A CC EN




Renault Clio - stop/start

“I

Battery 50 Ah, 1 x 12V, spiral




Ford Fiesta - stop/start, regenerative braking, stall recovery

Battery 50 Ah, 1 x 12 V, spiral

ALABC



Ford Transit - Stop/start, regenerative braking, stall protection

HyTrans

Pt Hyhrid Tachnalngy

Battery 50 Ah 1 x 36V, spiral




VW Golf - Stop/start, regenerative braking, launch-assist

VW Golf IV
1.61 4 Cyl. Gasoline Engine

4/12 kW ISG (Integrated Starter Generator) System
5 Speed Automated Manual Transmission
ISG adapted Engine Management System

~ 12kWpeak
ISG

NEW ORBITAL [ Functions

MODULES Stop-Start Automatic
from EXIDE Warm start <300ms, Cold start <800ms
Electric Boost and Launch Assist
8 x 6V Regenerative Braking

Battery 24 Ah, 8 x 6 V, spiral




Medium Hybrids




Project Able

ALABC laentifier: RHOLLAB
Batie/AINPE: Enersys; spiral' 8 Ah, 2V,
AUOMeRIIE: Honada Insight

Voltage: 144V




Project Effpower

ALLABC laentiiers Effpower,
Battern/ ty/pe: Bipelar, 8 Al 144V

\/EeRicles Honaa Insight
Voltages 144\
.———FFN_J'; - =
{ =0
wl\o, r/__.pll
 at® A
TN\, / - -




HONDA INSIGHT — OUTLOOK Q4 2006

Continued collection of
drving data according
[0 test cycles

Jesting te be completed
In Dec-2006

Fuel consumption in
fOCUS




BAITRTER Y MANAGEMENHT)

Honda' Insight Battery.
Management System supplied
and installed by PROVECTOR |

Add-ons mncluding CAN
Interface, ©OBD2 module and
GPS module

Effpewer celllmoenitering
System




Project ‘Ultra’

ALABC laentifiers = DR

Batteny type: Furukawa/CSIRO flat, 7 A, 12V,
VERIGIES ALABC Henda Insight
\Vo)frzie) e 144V




DIYAOIHUTPYUISCS PYWUVVEIF UllcuiclbiC o vl

(MmaxamumpeWerassist; battery-Size factor= 385)

Discharge power = 40 kW Charge power = 35 kW

y = 2E-06x° - 0.0207x* + 59.285x + 875.37
y = 4E-07x° - 0.0069x> + 4.6404x + 61819 R® = 0.9997

“ R%=0.9998 _ — =

;|

Available energy = 1550 Wh

Available energy
goal = 500 Wh




High-speed and hill-climbing driving profile

=
p <
= 2 1200
c Q
g g E L
3 g
g 1000}~
_ 2 8001
800 1200 1600 2000 2400 2800 g [ |
Time/s c
% 600 |-
Cycling procedure: 5 P
discharge the cell/battery to 80% SoC and
then subject to the above profile repetitively 400"
until the minimum voltage reaches 0 V. -
200
Performance: B
at least longer in cycle-life H |
than the state-of-the art VRLA cells 0

Cl C2 CB UC1 UC2 UC3




Hybrid Electric Buses




Project East Penn

ALLABCHGentifiers *DRHES

Batiern/ INpe: East Penn, flat, 50-60 Ah, 12V
\VERNIGIE: Hyblbrid Bus

Vo)frzle)e) 610J0)Y/




Volts

End Of Discharge Voltage

Hybrid Bus Cycle Life

44

37

35 |
0 20000

40000 60000 80000 100000 120000
Cycles

Control no carbons
Grid #1 with Carbons

o Control grid with Carbons Grid #1 no Cartbons
Grid #2 no carbons — Grid #2 with Carbons




Volts

Individual Battery EOD Volts

Grid Design 2 with Carbons
Blue

125

12

115 18

0

10500

21793 32893 4533957 84193 B4R93 0 Vald4s aa10d
Cycles
—+—EBattery 1 -8 Hattery 2 —&—Hattery 1 Battery 4

Sh0kE



Project Northstar

ALABC ldentifier:  DP 1.6
Batteny [ypesd.1 = North Star, flat, 25 An, 12V.
4.2 = North Star, flat, 52 Ah, 12V
Auteomoniles 4.1 = Foerd Fiesta (12V) &
Chevrolet Silverado (36V)
4.2 = Simulated HEV BUS
Vo)ftzic) e 1:2\/-36V.

2

NORTHS TAR
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Advanced HEV
Cycles to TOC limit

Unmodified — 1,000

ALABC Super C30 ~ /,000
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Unmodified SuperC30




Future road vehicles

...will'incorporate more extensive electrical function.

Microrhybridsmildihybridsullifhybrid designsiall
featireNnrthefutiresplansiofimalormanuiacturess:

ANCONUNUINE PrOSIaGTIOf A ESEUrGHNIASISHOWIHOW,
WILHISTIPIEXad| ISt ENTSStOICONVENLIONGI \AESIEN)
|Ead=aGId DULErESICan PErOTINtHEN EGUISIEE
FURGLIONISUGGESS[UIY:




	Slide Number 1
	Slide Number 2
	Typical range of state-of-charge, rates of discharge and recharge and failure modes
	Real-world HEV�Battery Duty
	Slide Number 5
	Hybrid pulse power characterisation�(minimum power assist, battery-size factor = 21) 
	Mechanism & solution:��1. Grid design
	Slide Number 8
	Spiral Wound Cell with Dual Tabs
	The role of grid design for HEV duty
	Manufacturing
	Manufacturing
	Grid Design
	Mechanism & Solution:��2. Expander Composition
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Extension of Life Under  �High Rate PSoC Cycling
	Slide Number 19
	Slide Number 20
	Micro- and Mild Hybrids
	Orbital VRLA Batteries for HEV
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Medium Hybrids
	Project Able
	Project Effpower
	Slide Number 30
	BATTERY MANAGEMENT
	Project ‘Ultra’
	Hybrid pulse power characterisation�(maximum power assist, battery-size factor = 35) 
	Slide Number 34
	Hybrid Electric Buses
	Project East Penn
	Slide Number 37
	Slide Number 38
	Project Northstar
	Slide Number 40
	Slide Number 41
	Slide Number 42

