& A Unique Calorimeter-€cler for
44 Evaluatirg High-Power Batter Modules
' A q 13th Annual Battery Conference

Long Beach, California
January 14, 1998

Ronald Russell

John Crawford

Ed Lewis, Ph.D.
Calorimetry Sciences Corporation

5, COP




Acknowleogment

This work was sponsored by the U.S. DOE as part of the
cost-shared Hybrid Vehicle Propulsion Systems Program.




Presentatlon Outline

I}I,-:H-::.;qﬂ;,:.’_\._,f N Baclground
{ £ [ Objectives
g 1 Descrption of equipment

| 0 Calibration results
1 Recent results for a VRLA module
1 Summay




Background

Generator Motor/Controller

j . 11 HEV/EV performance
4.4 and life-cycle cost are

Energy Storage
Power Unit rgg g

modules evenly within the desired operating
range, particularly for HEV batteries




generation from modules under various
chae/dischage profiles are needed

1 Calorimety has been used poovide

accurate heajeneration data

1 A custom-made calorimeter was needed

1 To test full-size modules
1 Avoid scale-up issues from cell levels
1 Capture all element such as inter-cell connectors

1 Standard calorimeters use small cavities




i To obtain accurate hegeneration data
& 77¢  from modules under variouyaes

To obtain accurate erpr efficienc/ data

‘0 validate/calibrate thermal and
electrochemical models

1 To evaluatehysical and electrochemical
desgn chames that could lead to
Improved modules




Calorlmeter Degn

1 Single-ended heat conduction type
1 Heat flux measured between the sample and a heat sin
1 The heat sink Is kept at a constant temperature

Liquid Bath Temperature Control System

Bath Fluid

Amplifier

Measurement Cavity

Temperature
Monitor

Sample/Module

Calibration
Heaters

/
Heat Sink
) Computer
Thermoelectric

Sensors

Printer or

Plotter Keyboard Monitor




8.2INnW x15.3inL x10.2 inH

(& - Maximum heat rate; 100 W

Minimum detectable heat effect: 10 J (at 25°C)
Lowest Accuracy: = 5%

Bath temperature range; -30°C to 60°C (+0.001°[s§

N
N
1 Baseline stablility: £ InW at uniform ambient T
N
1 Internal calibration heater: 1 W to 80 W
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Calorimeter Cavity
[ Alir, fan mixin @

[0 Liquid, stir mixin @
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.- Simulated Battgr Module

b
b

T T I
L -

0 Spiral-wound VRLA Lo shee
+4 O Six cells

Film Resistance
Heater

conductivity
[ Similar heat generatic Felt Separator Sheet
rate




Bath T = 25°C

Steady State at 4 W

Heat measured: 3.98\W
Difference: -0.50%

i _F 0-second pulse at 57.4 W = 1750 J
|30-second pulse at 17.7 W =! cat measured: 1794 J

Heat measured: 546 J Difference: +2.5%

Difference: y%
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Tests done at CSC time (minutes)
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Internal Calibration Heater Pulses

2.4 Joules £ 0.5 Bath T = 25°C

A /\

| \ \

’ \ 1.9 Joules . \\ 2.8 Joules
\
VM,

A4

—~
)
=
©
=
S
~
Q
o
@®©
—
o
@
(]
e

Electric heat input: 3 pulses each 2.5 J

0 20 40 60 80 100 120 140 160 180

Tests done at CSC time (minutes)

0 Calorimeter integrated these heat pulses with a
reproducibility of 0.5 J

0 Calorimeter baseline stability (noise level) is around * O.
Center for Transportation Technologies and Systems
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#,-- Results with the Simulated Module

Simulated Battery Data
Module time constant was estimated to be 30-45 minute

N
(@]

Bath T = 25°C

Steady State at 17.50
Heat measured: 17.58
Difference: +0.46%

18
16 -
14
12 -
10

1250-second pulse at 6.1 W = 7625 J
Heat measured: 7462 J
Difference: - 2.2%

10-second pulse at 79.9 W = 799
Heat measured:765 J
Difference: - 4.3%

heat rate (watts)

Tests done at CSC time (minutes)
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' %7 Results with Internal Calibration Heaters

Tests done at NREL
Calorimeter Response Using Internal Heaters

Bath T = 25°C

Pulse: 30s @ 18.0 watts
Heat Input: 551J

Heat Measured: 569J
Difference: 3.3%

Pulse: 30s @ 59.0 watts
Heat Input: 1814J

Heat Measured: 1793J
Difference: -1.2%

Time (minutes)




5" “ | Cycling modules |

the calorimeter

Lk 0 Capable of

simulating any

driving power
profile

1 Up to 530 amps

for HEV
applications
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! ..,,-- Recent Results with an HEV Module

1 Constant Chaye (C1 or C2) .
1 Constant Dischae (C1 or C2)
1 FUDS 1.3 HEV @cle

Center for Transportation Technologies and Systems




. ,,.f Constant-Current Profile for an HEV Module

Optima Module Power Input/Ouput
Initial Module Termperature: 40C

C1 Charge 20-80% SOC
—— C1 Discharge 80-20% SOC

0.3 0.4

Time (hours)




Module Input/Output - FUDS 1.3 Cycle
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.- Reponse of the Calorimeter

Optima Module 4418
Initial Module Temperature: 40C

N\

B .' Heat Generated: 45298 J — C1 Discharge 80-20% SOC
====C1 Charge 20-80% SOC
FUDS 1.3 HEV Cycle

Heat Generated: 33053 J
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Heat Generated: 4409 J

4 6
Time (hours)
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Module Tenperature durig Cycling

Qpiima Battery Module 4418
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Recent CalorimeyrData for an HEV Module

Temp | Amperage Initial Final Heat
Cycle °C SOC SOC | Generated
(%) (%) Q)

65| 20| 80| 32674

-16.5 -Iﬂ'

Constant Charge 33.0 20 48868

-33.0 ‘15]-

16.5 -Eﬂ-

Constant Discharge -16.5 20 44009

- m.
-33.

HEV Cycle -




& . 0 A new battery calorimeter for large modules ha
< %4 Dbeen developed and tested.

for DOE HEV Program.

1 Plan to test modules of different sizes and
chemistries for other applicatians




Standard or Custom Calorimeters

Greg Nelson
Calorimetry Sciences Corporation
(801)375-8181

WwW.calscop.com

Battely Calorimetey/Thermal Mangement
Ahmad Pesaran

National Renewable Energy Laboratory
(303) 275-4441

www.ctts.nrelgov/BTM __




