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INTRODUCTION MOTIVATION: CELL-TO-CELL DIFFERENCES A~ K
This study deals with the design, simulation The series connection of cells in a pack, like in any chain, means 228 =22
and validation of an online control strategy that performance is limited by the weakest cell in terms of power a «
for a hybrid balancing systems (HBS), an or energy. If the cells were identical, this would not be a problem. )
emerging con.cep.t that joins c.el! Ie\{el . Unfortunately, there are cell-to-cell variations, which may increase \\_
battery equ.allzatlon anc} hybrldlzatlon with over time, leading to limited capacity and power, uneven _'t"*e'—':‘:;‘-p"'f
supercapacitors (SCs), aiming to reduce cell- temperature distributions, and shorter lifetime. -
to-cell variations, increase battery power o
capability, and prolong battery lifetime. To The automotive industry overcomes this problem by oversizing the — -
control this system, we develop and battery, running cell screening and selection procedures, A
implement a new two-layer model parallelizing cells, improving thermal management and adopting 11 N
oredictive control (MPC) framework. [1] so-called passive balancing systems. However, each of these 2 3
solutions has shortcomings. [2]
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THE HYBRID BALANCING SYSTEM SOLUTION

Recently, a new gen of active balancing systems that offer more L  rostance (1).. [~ State and cr LR O

control features than state-of-charge (SoC) equalization have | Reference | ¢ F EAtnkation i o i

been proposed. Hybrid balancing systems (HBS) combine cell- Ly ol ﬂ oot oo ] tracking mud i

level active balancing and hybridization, and maximize useful R S —— o ==

capacity (qg), reduce and balance temperature (T), and minimize ot I [ =k .  operatas (1.1 ) ‘ - | . “’"’M ~\/ |

battery stress (S) and losses (L) (i.e. qTSL control). [1]-[3] e o i hiihiial B
<:> < ooty | T llq 0 S l

NEW CONTROL: TWO-LAYER MPC QTSL FOR HBS I -

The first layer determines the optimal SoC ref for the SCs ¢ | e T b, Two prediction horizons for load forecast

considering long load forecasts and simple pack-level models. @ wl | 1

The second MPC layer tracks this reference and performs charge ,upj;m I o . — .

and temperature equalization, employing more complex module- [sCa) N | R[] R . Iy

level battery models and short load forecasts. o o= | D W, e N <>.a

Vi ' — -
This division of control tasks into two layers, running at different [ <:> _ E sCe cackiovel pac.{_‘.m. -
time scales and model complexities, enables us to reduce Saiancin cireai oy ok power convertr veen

computational effort with negligible performance loss. _
Diagram of the HBS and 2-layer MPC qSTL Pack model of the HBS used in the RG

EXPERIMENTAL RESULTS FROM SMALL-SCALE PROTOTYPE SMALL-SCALE PROTOTYPE IMPLEMENTATION
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CONCLUSIONS: EFFECTIVE & PRACTICAL CONTROL FRAMEWORK
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B e e — (L e s e A A INUE | e B B A = Able to optimize multiple objectives ® Computation effort reduced thanks
5.l f 5.1 | 5. | (qTSL) while enforcing state and to various model complexities and
% %5 % G 6 %6 6 i o b 30 3 current constraints and exploiting time scales, but good performance
= 1 1 [ I s 1 [ [ 1T 1 &1L [ T [ ] load forecast information » Future work: large-scale implemen-
Gl Lo =l — e Gosf = Tuning efforts are required, but tation and improve the computatio-
0 10 Hﬁ?”,ﬁ:,fm 100 0w 1%1}”4&[:]{]“ 00 500 {J[T#EWH practical guidelines provided in [1] nal efficiency of tracking layer
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