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Types of Hybrid Electric
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HEV Power-assist Performance Requirements
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Real-world HEV
Battery Duty

Current pulsesi through

G
O

30 minutes driving - 2 to) 57
capacity discharged at up to

II5C and charged at up to 8C.

Charge removal and return
during the same period




Chardcteristics of high-rate
bartial-state-of=criarge operation

I. High rate - up to II5 € discharge and 8'C charge
2. Long periods witheut appreaching top-of:charge

3. Very large number of (small) cycles - 300,000
rather than < 1,000




Battery Capacity in HEV Duty
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Discharge

PbO, + 3H* + HSO, + 2e- = PbSO, + 2H,O
&
Pb + HSO, = PbSO, + H* + 2e°

When current is limited by diffusion,

Flux, S = -D, dc/ox, Ax? = 2Dt

Peukert I".t = k At low currentn = 1
At high current (diffusion control) n = 2
I"=k{E2
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Peukert Plot High/Low Rate
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High Rate Peukert Plot (data from JPS 9 (1983) 19)
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Mechanism & solution:

I Grid design




Change of failure mode of a standard VRLA
(15 Ahy, flat plate) celliwithi eperating rate

PAN NAM NINY Fail:re
Porosity Sulfate | Sulfate % HIBLELS)

7 7 llop | Bottom

After formation 4819 4.9 4.9

LLow-rate (C/10) deep 61 4 3.4 0.0 PCL2

cycle Strat.

Moderate rate (C/3) PSeC 58.2 4.2 38.5 o2
Strat.

High rate (5C) PSoC 54.1 79.6 7.4 PCL3

Soria et al., Exide Tlechnologies, 9ELBC, Berlin, 2004
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Spiral VWWoeund Cell with Dual Tfabs




Voltage

1.1
1

2V 8Ah Cell Discharged at 250A

¢ Twin Tab Connection

= Single Tab Connection
—Poly. (Twin Tab Connection)
—Poly. (Single Tab Connection)

_-

Time In seconds




Dual-tab spiral wound cell

Discharges up to 28 seconds at 250 A
At 1.4 V.

Weight 578 g.

Specific power: 605 W/kg
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RHOLAB test procedure —
cell comparison

voltage vs. time for standard cyclon pack on rholab power

voltage vs. time for first double ended cell pack on rholab
profile. start @ 70% SOC, 40 degrees C

power profile. start @ 70%SOC, 40degrees C

voltage /V

1000 1500 1000 1500 2000

time /s time/s

Normall Cyclon 36V pack Dual-tab’ Cyclon 36V pack




Effect of continuous cycling (40 hours)

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

Thel drift of paclk voltage over
65 RHOLAB cycles

Iihe effect of conditioning on
the evolution of cell capacity:

Evolution of pack mean cell charge capacity.

mean cell charge capacity /Ah

100 150 200
Rholab power cycles /cycle
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Pasted Plates




Plates VWrapped with Separator in Case




High-rate performance of
1) Conventional cells
275 A for 120 s at -18 °C to 1.0 V.
2) Cells with selvage current collection

420 A for 121 s at -18°C to 1.0 V.




EXIDE battery on RHOLAB profile
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Mechanism & Solution:

2. Expanderr Composition




HEV duty: sulfate build=up in negative plates — PCL-3!
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r 3191 cycles

H, evolution

50 + 3 % SoC




Diffusion of acid in and out of the plate
s, impeded by PbSO),

e

Lead sulfate

INegative active-material




Carbor - an element with variable
DIOPErEs

Ratio of sp? to sp? carbon atoms.

Surface groups.

Hexagonal/ rhombohedral stacking - faults.
Particle size - from A to mm.

Shape.
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Cycling Behavior of VRLA Cells With Enhanced Levels of
Carbon Black and Graphite in the Negative Active Material

//W\A\“\

Composition: 0.6% Vanisperse-A
2.0 %Carbon Black
2.0 % Graphite

Total Cycles: 71880
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Extension of Life Under
High Rate PSoC Cycling

Failure Modes:

Solutions:

Early: Gassing
INegative Sulfation

Recharge Resistance

Carboniadded te Negative
Grid Design

Pulses
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LLead-acidl battery in position
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Road test data with the lead-acidl battery.
voltage/current readings




ALLABC Demonstration phase vehicles
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RHOLAB
ISOLAB
Project DP 1.2
Project DP [.3

Project DP .6
Project DP' |.6

IHonda ‘Insight’

Ford ‘Focus’

Ford/PSA/NW.

Hybrid electric bus®

)

Chevrolet ‘Silverado
IHybrid electric bus®

1445V 8FAR

36 V, 25 Ah

12 V,36V
4007V, 50-60'Ah

36 V, 52 Ah
400+ V, 52 Ah
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