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l Hybridization levels

Hybrid or EV Category

Mild Full Series HEV

(EREV)

Functions Plug-in

(PHEV)

ICE/ZEV Mode
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Thermal System integration
Exemple of PHEV

Hot Conditions

Inverter / Charger
Peak > 2 kW
Coolant T ~ 60C

Electric motor
Peak 4 kW
Coolant T ~ 60C

ICE Cooling
Peak 30 kW (EDV6)
Coolant T > 80C

Charge Air Cooler
Peak 10 kW (EDV6)
Coolant T < 50C

Cabin Cooling
3to5 kW
Coolant T ~ 5¢C

Battery pack Cooling
«« Peak > 1,5 kW
\| Coolant T ~ 20-30C

Update date | 4

Automotive summit — November 10th, 2010 I
N



BTM Technologies - Decision making factors

1.  Vehicle hybridization level
F-HEV vs. PHEV, EREV vs. BEV vs. FCEV

2. Battery technology
NiMH vs. Li-lon (NMC, LFP,...)
Cylindric cells vs. Prismatic cells vs. Pouch cells
3. Battery capacity
M-HEV: < 1kWh vs. F-HEV, PHEV: 1 5kWh vs. EREV: 5 20kWh vs. BEV: 15 40kWh

4. Power of e-motor
10 KW 70 kW

5. Result of individual OEM - risk assessment
Coolant vs. HV-battery
Refrigerant R-1234yf vs. HV-battery

6.  Targeted integration level

Battery as stand alone sub-system

Battery as part of an overall energy management approach
7.  Charging speed

Slow charging vs. Fast charging vs. Quick drop
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lThe stakes : battery thermal behaviour

To avoid irreversible chemical processes during cha
the loss of available Li ions, the cell temperature

rging and discharging, which would lead to
must be conditioned and monitored.

Temperature range — cells (T)

Decline of battery capacity
and pulse performance

Optimal range
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Technology Portfolio
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Passive air cooling

Principle Product & features
A dedicated blower aspirate air Brushless motor.
'grgil;gh lhe banely pac. Tioly oo High efficiency and linear air volume

control with PWM.

Air at ambient cabin temperature Compatible with quick drop.

exchange with battery pack.
Cooling power: from 0 to some 100 W

Schematic

Inlet-air Urlfl\t/ Control Battery
temp. temp.

Cabin Charging / _
A :& Power supply control signal
I signals

Drive B4 Inverter Control
Motor

Fan: motor

2 '« Battery
Battery S— - : Cooling
c o = Unit
*aunnn?
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Active air cooling

Principle Product & features
A dedicated blower aspirate air Brushless motor,
through the battery pack from Hiah effici di ol
e oo cobin igh efficiency and linear air volume

control with PWM,

Air is cooled by a dedicated Dedicated evaporator.

evaporator on a secondary AC

loop. Compatible with quick drop.
Heating is allowed by the addition Cooling power: ~1kW
of an electrical heater (air PTC).
Schematic
Condenser

Receiver Dryer

0 ’_w Primary
AC - Loop
Compressor

1 Cooling Fan
Evaporator TXV XV E ‘ -
> % vaporator
A
<
Secondary
AC - Loop Battery pack
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Thermo-electrical cooling-heating

Principle Product & features

A Peltier module produce cold (or heat) to Peltier elements with heat sink.

thermally manage the battery pack. Brushless blowers

A dedicated blower ensure the temperature Reversible functions (cool/heat)
homogeneity inside the pack. ;

A secondary blower evacuate heat Compatible with quick drop solution.

produced by the peltier module. Cooling power: some 100W.

Schematic

Battery
pack
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Liquid cooling

Principle Product & features
A secondary AC loop exchange cold Dedicated heat exchanger between
with a coolant loop which thermally refrigerent & coolant (chiller).

manage battery cells. A second heat exchanger in contact with

Direct electrical heating or indirect cells (from jacket to socket design).
electrical water heating are

compatible with such architecture. Decopling of canin Comn & Balely

temperature control.

Compatible with fast charging.
Schematic Optimized cell temperature homogeneity.
Cooling power: some kW
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Direct refrigerant cooling

Principle Product & features
Refrigerant expansion is done in an heat Dedicated heat exchanger (from jacket
exchanger in direct contact with the battery to socket design).

cells (jacket or socket design).

Direct electrical heating is compatible with
such architecture.

Compatible with fast charging.

Optimized cell temperature
homogeneity.

Low weight, small packaging.
Cooling power: some kW.

Schematic
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l Technology overview
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l Trends & Next steps

Trends

Li-lon Battery: main stream for Hybrids and EVs
— whatever the chemistry used, thermal management is mandatory
— choice of solution depends on OEM strategy

Air cooling
— Reduce blower package, weight.

Direct or liquid
— From specific jacket cooler to socket concept

Next steps
Focus on affordable and weight reduction solutions.
Battery standardization through battery modules.
Should accept fast charging constraints.
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Thank you for your attention.

’ Automotive technology, naturally
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