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Research activity ongoing
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Context

MODELING
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SO3: To integrate new components
and functionalities leading to higher
user friendliness, reduction of range
anxiety and temperature impact on
degradation of the BP.

*MIBA’s FLEXcooler®
technology Smart BTMS

Control Strategy
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Approach
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The designed TMS strategy is a mix of PID controllers and state diagram
controller’s concepts.

The result is a smart control strategy that brings the system to a stable state
while adapting smartly to different scenarios and objectives
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PID controllers
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3 main states are defined:

• Cool zone (heating).

• Optimal operation zone (rest).

• Hot zone (cooling).

There are 4 PIDs.

• 3 control the three independent heating resistance
areas that are in direct contact with the batteries.

• 1 controls the chiller used to cool down the liquid
that goes through the heat exchanger.

Parameter Equation Heat Exchanger
A-sample

P (Kp) 1,2 x T / (L x yf) 10.5945
I (ki) Kp / (2 x L) 0.0227

D (kd) Kp x 0,5 x L 1238.3
N (td) >100 105
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Smart features
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To lengthen the life of the vehicle:

• Optional sport mode. The aggressivity of the
controller is modified at the driver’s will. The
adjustment of the controller to the driver
characteristics decreases the aging.

• Preconditioning when parked. The heating when
parked is set to the state of having the contact
switched on. It reduces the aging that comes from
cold or hot starts (depending on the room
temperature).

To lengthen the use range:

• Conservative cooling-heating when parked. The temperature thresholds of the controller are modified
to increase the optimal operation zone. Unnecessary energy consumption is avoided when parked.

• Reduction of temperature set point if conditions are met. The detection of an imminent charge event
leads to reduce the upper temperature threshold. The efficiency of charge events is maximized.
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Simulations
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1st: validate the overall stability of the controller.

Variables:
- Current:

- Room temperature: 35ºC.
- Sport mode: off.
- Contact: on.
- Pre-conditioning: off.
- GPS tag signal: off.

results
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Simulations
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2nd: validate the overall stability of the Sport mode used for aggressive drivers.

Variables:
- Current:

- Room temperature: 35ºC.
- Sport mode: on.
- Contact: on.
- Pre-conditioning: off.
- GPS tag signal: off.

results
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Simulations
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3rd: validate the efficacy of the added feature that maximizes the charge event.

Variables:
- Current:

- Room temperature: 35ºC.
- Sport mode: on.
- Contact: on.
- Pre-conditioning: off.
- GPS tag signal:

results
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Simulations
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4th: validate the preconditioning features.

Variables:
- Current:

- Room temperature: 35ºC.
- Sport mode: on.
- Contact + preconditioning:

- GPS tag signal: off.

results
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Implementation
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 The current profile:

 The room temperature: 30ºC through a climatic chamber.
 Sport mode off.
 Contact on.
 Pre-conditioning off.
 GPS tag signal off.

The inputs on the test at lab level:
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Conclusions

• This paper proposes a design of a smart BTMS control strategy that has a
continuous and smooth control over the actuators while (1) lengthening the
life of the vehicle by minimizing the aging and adjusting the control strategy
based on the driving profile and (2) lengthening the use range by
minimizing the total energy consumption and maximizing the charge
events.

• All the smart features of the controller have been validated through
simulations and the stability and the applicability of the proposal has been
observed through simulations and through a real test of AUDI’s battery
pack at lab level.

• To sum up, the design is simple and implementable; the validation has
shown its viability; and the tests done at lab level has shown its
implementability.
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