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Abstract

Using the energy power supply concept, this paper proposes a DC voltage source with
limited energy storage capacity, which models: the energy storage capacity of the
batteries, the involved energy transfer process and the constant voltage output behavior

when the battery has storage energy. Further,
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INTRODUCTION

this circuit source is used for

understanding the combined electrical-circuit based battery model (CECBM), which is

commonly used (i.e. for designing of: portable electronic devices, hybrid electric vehicles
and smart grid systems), because it is capable to predict accurately the DC voltage
response, the runtime, the transient, and some nonlinear behaviors. These models have
been used without a comprehensive development about the inspiration of its topology,
and the simple energy flow process that models. This work uses the novel electric Energy
Power Supply concept for understanding the behaviors captured by the CECBM.
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SIGNIFICANT ELECTRIC BATTERY BEHAVIORS

In conventional circuit theory the voltage source
models can supply unlimited energy, therefore a
direct battery model is unavailable, but using the
circuit shown for modeling the battery, both its
runtime and its DC |-V performance are captured.

Battery behavior

Description
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The energy storage devices have a wide
application span. Recently, the battery
technologies have been receiving huge
attention because three commercial
- applications: portable electronic devices,
hybrid electric vehicles and smart grid
systems [1l]. Without battery models In
hand, circuit designers cannot predict nor
optimize either battery runtime or circuit
¥ performance.
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STATE OF ART OF THE CECBM

In order to increase the model accuracy,
modeled by non linear relations (g and f) for describing the energy
flow process. This approach allows capturing some nonlinear
behaviors as: the C-rate effect and capacity fading effects.

Power Density (W/kg).

General ideal batery model
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tracking of the SoE is

Real Battery model

1) 2V performance (TVP) II);:t{ £;r£31$uin:§1 tl:gteh{;ofsrrrlr; aIcl)C;Icll of the TABLEI.  COMPARISON OF THE CIRCUIT VALUES DEPENDENCES ON THE ANALYZED MODELS
2} DC_IVP DC I-V performance is the estimation of Model Ideal Gen. Real. 2006 2009 2010 2012 2013 2011
JDC= the steady state battery voltage variations param. [71] [14] [8] [°] [10] [11]
e Is the voltage of battery during equilib- Qn Nominal Nominal Nominal Nominal Nominal Nominal ~ Nominal Nominal Nominal
JOpniciietyolage;(Vo.) rium state when the load is a open circuit Rsp infinite Nominal Nominal infinite mfinite infinite infinite nfinite nfinite
The internal impedance of the battery, gsst 0 0 Nominal Zggogg Zggogg Zggogg ZE?O%% mgog,z’sg qggg, ;, agsgisg, sgngisgg
. i o : a, 0 0 Fixed 0 0 0 ) m(SoC,is) ¢ , 1, abs(is), sgn(is
i nteenalseesistanceion DE-TVE :';hen it lncge::ilfes thle tb:;?:{.ery- efl:j:len(zjy Ca,Cb infinite infinite Fixed h(50C) h(50C) h(SoC)  h(SoC) m(SeC,is) ¢(SOC,T,abs(is),sgn(is))
Eadnc e s _l ity 18 reduced, g g(is) = is g(is) = is glis) = is g(is) = is g(is) = is /CF I(is,t) I(is,t)  Ilabs(is)) n(abs(is), sgn(is), T)
5) N on DC-IVP The DC-IVP changes with N, e.g. The wentomy F(S0B)=V  f(SoBE)=V h(SoE) h(SoE) p(SoE,T) h(SoE)  h(SoE)  h(SoE) h(SoE)
Rss increase when N increase.
o° _ TABLE III. COMPARISON OF THE PROPOSED CECBMS
7) Transient response Battery output voltage response when the
load current is a rectangular current pulse. Behavior  Ideal Gen. Real 2006 2009 2010 2012 2013 2011 2010
The SoH is a measurement of the ageing Tkt T
of the battery that reflects the general ) [71  [141 [81 [S1 [10]1 [11] [15]
8) State of Health (SoH) tracking Conditionsfcs, baticey compar-ed x:wth g Item 4 no  yes yes yes yes yes yes yes yes  yes
new battery. The accuracy estimation of Item 5 no no no no yes no no no no  no
the SoH by the model is referred as Item 6 no no no no yes  no no no yes  no
tracking the. SoH. Item 7 no no ' Iim  lm  lm  lm  lim  lim  yes
The SoC' is more common than SoF lim response
in battery literature, but they describe the Item 9 L all vl SO G et Sl A At i
8} SoC trackin same energy flow process. The accurac ttem 11 oo oo Iee e ¥eee Ie B Te B8 T ' '

) g : > gy B : .y Item 12 no no no no yes  no no no no no t
estimation of thfe SoC by the model is Ttem 13 no no no no yes no no no  yes  no CHCU]
referred as tracking the SoC. Item 14 no no no no no yes yes yes yes  no
Changes in the useable capacity (storage Item 15 yes yes yes yes yes yes yes yes yes  yes
energy) can be either a result of irre- Item 16 no yes  yes  no no no no no no no

. . . . . Item 17 no no no no no no no no no no
10) Capacity loss (i.e. storage en versible capacity loss or reversible capac [ 1 S e et Aok HER | dGh. dEE Eeeh

ergy loss)

ity change. Capacity fading depends on
many stress factors such as temperature,
C-rate, SoC' and depth of discharge.

11) Capacity fading due to cycle
number

Irreversible capacity loss (storage energy)
as a result of cell ageing due to cycling.

12) Capacity fading due to time

Irreversible capacity loss (storage energy)
as a result of cell ageing due to storage
time.

13) capacity loss due to T

Reversible capacity change as a result of
AT

14) C-rate effect (rate capacity ef-
fect or current recovery effect)

Reversible capacity change as a result of
the C-rate. The current recovery effect is
the recovered capacity by discharging at a
lower current.

15) Runtime prediction

The contmmuous period of time during
which the battery operates as an energy
source for its load (i.e. output voltage
bigger than end-of-discharge voltage).

16) Self-discharge effect

The storage energy (called usable ca-
pacity) declines as storage time (self-
discharge) mcreases.

17) AC response

I-V performance when the load current is
an AC current.

18) Charge (Ch) and discharge
(dCh)

Typically, the behaviors for discharging
are not equal to charging behaviors.
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Conclusions

The proposed DC voltage source with limited energy
storage capacity was used for understanding the
combined electrical circuit-based battery model.

Further, it was presented a comprehensive state-of-
the-art review of the progress that has been made on

this battery model. Furthermore, a comprehensive
development of the energy power supply concept and
the energy flow process was presented and used for
comparison of the analyzed models.

Adding three resistors and two capacitors
to the model, the following behaviors of
the real battery were captured: limited
output power, relaxation effect, transient
response, and internal voltage drop when
it Is loaded.
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