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BATTERY ENGINEERING AND TEST SERVICES
Pure Electric and Hybrid Systems

MISSION STATEMENT

To provide professional, cost effective
engineering and test services to companies
or public agencies seeking to reduce or

eliminate exhaust emissions

ACTIVITIES

x  Application-Relevant Battery Cycling
E Engineering Development (ED), Design Validation (DV), Production Validation (PV)
E Life cycling, performance, durability, environmental testing
E Controlled environmental chambers (temperature and humidity)
E Batteries for EV, HEV, or stationary applications
E 2Vto 1,000V systems

x Development of Application-Relevant Test Machinery
E Bi-Directional cyclers for batteries for EV, HEV, or stationary applications
E Uni-directional load banks for fuel cells (up to 1,100 V and 500 kW)
E Emulators of powertrain sub-systems for R&D

X System Integration
Low voltage, low power (< 10 kW) to high voltage, high power (> 250 kW)
E Passenger vehicle EV and HEV powertrains
E Large vehicle (bus, courier vehicle) EV and HEV powertrains
E Battery thermal management
E Load-levelling systems for Utility industry
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COMPANY EXPERIENCE

x  DIFFERENT BATTERY TECHNOLOGIES

X Purpose-Designed Test Machines for
Battery and Fuel Cell Work

X EV and HEV System Integration

BATTERY TECHNOLOGIES

X Lithium-lon, Lithium Polymer (up to 380V, 38 kWh, > 250 kW)
E Testing for cell manufacturers, battery system developers, automotive OEMs worldwide

X NaNiCl (ZEBRA) (up to 620 V, 20 kWh to 160 kWh, 40 kW to > 240 kW)
E Traction in prototype and commercial passenger vehicles
E Hybrid in buses (Battery-dominant hybrid buses, other European buses)

x NaS Traction (320 V, 37 kWh, 55 kW)
E Traction in prototype passenger and light duty vehicles

X NiMH Traction (300 V, 30 kWh, 60 kW)
E Various vehicles and prototypes

x Lead Acid
E Flooded Lead Acid Traction
E Lead Acid SLI and Standby
E VRLA Traction

x NiCd
E Various vehicles and prototypes
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COMPANY EXPERIENCE

x  Different Battery Technologies

x  PURPOSE-DESIGNED TEST MACHINES FOR
BATTERY AND FUEL CELL WORK

X EV and HEV System Integration

APPLICATION-RELEVANT TEST STATIONS

x  Application-Relevant Test Stations

Custom-programmed algorithms for battery management, charge, discharge
Drive cycle control by variable current, voltage, or power (0.1 second commands)
CAN communication

Multi-channel data acquisition

Use of air-cooled or liquid-cooled battery thermal management

Environmental chambers (up to 20 ft x 13 ft x 8 ft; up to -40°C to +85°C)
Operation without supervision 24 hours/day, 7 days/week, 52 weeks/year

m) m) m; m; m; rrlf rrlf

x  Controlled Resistive Loads
E Low voltage (< 70 V), low power (< 30 kW) for cells or modules
E MOSFET control
E Low ripple

x  Thyristor-Based Battery Cyclers and Fuel Cell Loads
E Wide dynamic range (0 V ¢ 500V, 0.5 ¢ 350 A, pulse to 700 A) for modules or batteries
E 3 phase, 60 Hz thyristor bridge control
E Low ripple

x |GBT-Based Battery Cyclers and Fuel Cell Loads
E Wide voltage (100 V ¢ 1,000 V), high current (1,000 A cont.) for batteries
E Waveforms similar to vehicle drives or static power converters
E Low voltage and current ripple, energy efficient
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COMPANY EXPERIENCE

x Different Battery Technologies

X Purpose-Designed Test Machines for
Battery and Fuel Cell Work

x EV AND HEV SYSTEM INTEGRATION

EV AND HEV SYSTEM INTEGRATION

X EV Vehicle Systems
E Complete road-worthy vehicles using batteries of various technologies
E Pick-up truck with all-electric drive (320 V NaS$ battery, 37 kWh, 55 kW)
E Courier vehicle with all-electric drive (four 620 V parallel-connected NaNiCl batteries)

x HEV Vehicle Systems
E 28 ft bus with multi-mode hybrid powertrain (four 557 V parallel-connected ZEBRA
batteries, all-electric auxiliaries)

x  Stationary Applications
Edahy 5SYI-éuléng for atitit|Rindustry (five 620 V parallel-connected ZEBRA
batteries, 95 kWh, 100 kW)
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CAPABILITIES

X EV and HEV Battery Cyclers
X Fuel Cell Loads

x Environmental Chambers

X Facilities
EQUIPMENT OVERVIEW
X EV or HEV Battery Cyclers (also used as fuel cell loads) Quantity
E Resistive Loads (up to 70 V, up to 300 A, for cells or modules) 61
E Resistive Loads (500 V, 500 A, for batteries) 1
E Thyristor-based Cyclers (up to 450 V, 300 A, for modules or batteries) 13
E IGBT-based Cyclers (up to 700 V, 1000 A, for batteries) 24

X Environmental Chambers
E 1.5ftx1.5ftx 1.5t to 20 ft x 13 ft x 8 ft
E Up to -40°C to +85°C
E Variable humidity, dry air

x  Additional Capabilities
E 35,000 sq. ft facility
E Vehicle hoists (4 tonne capacity)
E Electrical lab, fully equipped machine shop
E Post mortem room with fume hood
E Offering test services as independent, third party facility since 1995; Developers of
NaS battery technology 1985 to 1995
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CAPABILITIES

EV AND HEV BATTERY CYCLERS
Fuel Cell Loads

Environmental Chambers

Facilities
TEST STATIONS DETAILS
EV or HEV Battery Cyclers Continuous Voltage Nominal
(also used as fuel cell loads) Current Range kvA” Quantity

E Resistive Loads 500 A 0¢ 500V 250 kVA 1
300 A 0¢70V 20 kVA 5
200A" 0C20V 4 kVA 56

E Thyristor-based Cyclers 350 A 0450V 135 kVA 9
200 A 0¢450V 77 kVA 4

E IGBT-based Cyclers 1,000 A 100 ¢ 700 V 630 kVA 1
700 A 100 ¢ 700 V 450 kVA 4
500 A 100 ¢ 700 V 300 kVA 7
300 A 100 ¢ 600 V 200 kVA 12

**Channels may be combined for up to 800 A

*Ratings depend on minimum DC voltage of DUT

***peak current approx. 150% of continuous for up to 10 sec

Total number of machines (<70V) 61
Total number of machines (>70V) 38
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CAPABILITIES

X EV and HEV Battery Cyclers
X Fuel Cell Loads

x  ENVIRONMENTAL CHAMBERS

X Facilities
ENVIRONMENTAL CHAMBER DETAILS
Usable Space Stationary Temperature Humidity Dry
Chamber LxW xH or Mobile Range Control Air  Quantity

E SMALL Up to 3 ft x 3 ft x 3 ft Mobile  -40°C to +50°C no Available 8 ++
(cells, modules)

E MEDIUM Upto9 ft x 7 ft x 8 ft Both -40°C to +65°C no Available 14
(hybrid and EV packs)

E LARGE Upto20ftx13ftx8ft Stationary -40°Cto +85°C YES Available 5
(EV systems, vehicles)
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BATTERY ENGINEERING AND TEST SERVICES
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