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Abstract— The energy management system in electric traction is
secured by DC-DC converters (boost and buck / boost).
Modelling these converters has always been difficult due to the
discontinuity of their differential equations. Indeed, in power
electronics, switching circuits, by their nature, present a hybrid
behaviour, which are a user discrete mode and a continuous
mode. To describe jointly the two behaviours, the Matlab /
Simulink environment allows us to obtain very precise models
that help usin the study and design of such circuits. . The overall
idea of this paper isto modd the energy management system in
both continuous and discreet modes. A hybrid model has been

introduced and its simulation has been carried out.

Keywords— buck, boost converter, hybrid model, electrical
traction

I. INTRODUCTION

Nowadays, the electric vehicle has a promising temiufor
the use of clean energy. These vehicles are fullyipped
with an electric propulsion, which is provided byeoor more
electric motors. A source of extra energy can perfdhe
startup[6][10]. This paper is devoted to model thawer
management system in electric traction. Indeed, ngmhe
general issues of hybrid vehicles, a particularitjoal point is
the management of powers between the different cosmts
of the vehicle. This management is ensured mainplp6-DC
converters. Although, in recent decades we haven see
number of contributions in the field of modelingdacontrol
of the DC-DC converters like any other power elatics,
their modeling and control has been a difficult kta®er
researchers and engineers working in this fielddeéd,

The nature of each model is defined by the vagmbised to
describe the state of the system and the varidtaeacterizing
the time [9]. It is important in many cases to ose of these
two classes of models [11]. However, the majorityealistic

complex systems mixing discrete and continuousgcaies
can not be classified in either "continuous" or stdete
systems". It is then necessary to use hybrid moidhelts can
take into account both continuous and discreteabtas and
the interaction between them [1]. These DC-DC comve
are switched systems whose structure changes iover The
nature of the switching of these systems makes thigimy

nonlinear. They thus form hybrid systems which ude both
continuous state variables and event variablesedsas the
interaction between them [3][4]. The system (fiy wie will

study is formed by a static DC-DC one-way convebi@oster
which raises the battery voltage, while the otheZ-DC

converter which is reversible operates on buck d@secthe
electrical power is converted from the load to theper
capacitor (when braking) and boost work otherwisee(gy
demand)[2].

The paper is organized as follows: a DC-DC (Buckl an
Buck/Boost) power converter is given in sectiorS2ction 3
deals with the hybrid modelisation of the systemotder to
illustrate the effectiveness of
simulations are made in section 3. Finally, a casion is
provided in section 4.

Il. ENERGY MANAGEMENT SYSTEM MODEL

The DC-DC converters are electronic switching syste
which allow to decrease (buck converter) or to éase DC
voltage (boost converter) via a switching mechanisainly
based on IGBT. They are very used to build eneogyces of

physical systems are often represented by a dynamijgctronic equipment because of their higfiiciency and

continuous model or a discrete event model.

Boost DC- DC'AC Boost/buck
DC mvertgr DC-DC Supe_r-
Battery |—N Converter \ +Induction /1_'\ Converter /|_|\ capacity
y / / machine |\ | \l_l/
Figure 1
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small size, as well as for the control eléctric motors.
These converters are modelled by hybrid systemsfBie
they are formed by electronic components that fancas
switches that tell the diode and IGBT (discreteetisystem)
and electronics circuits (continuous-time systerm). this
paragraph, we present the model of boost and thk/thaost
converter.

A. BOOST Converter
The main work of the boost converter is to elevtie

voltage of the battery to have voltage of the DCs bu

sufficiently elevated.

SZ©

)
DC

Figure 2: Boost Converter

The modelling of the converter passes through ttayais
of different operating sequences which we assuntie fixied
time[7][8]. It appears that there are two sequencds

functioning according to the state of the swit¢haach can be i, (1 u,)=C

represented by a differential equation.
Case 1:

current driven by the coil will be shared betwelea tapacity
C: and the current required by the DC bus |

L
| 1 D
L1 YYY\__N "
4]
T Ysa i Yonc ” Reh

Figure 4: Boost scheme in the second phase

The equations of the system are as follows:

U=t 2y, @)
dt
du
=Gt @

We can represent the converter by a single systém o
equationswhich gives:

L1

=L, i +(1-u)Upc

15

Bat

(6)

+l

with Ugy : Voltage of the battery (V)

dU,.
d

The control of transistor,u= 1 then the diode D is Uy : DC Bus voltage

blocked, this implies that the coil is charged bg battery all 1, : current driven by the coil,L

along the duration where the IGBT is commanded Hwy tL, :

signal y. The equivalent circuit scheme is as follows:

O

-
UC
(9]
r—
L ——

R
ch

Figure 3: Boost scheme in first phase

The equations of the system are as follows:

di,

UBat = Ll dt (1)

0=c Do 4 @
Case 2:

discharge of the inductance in the capacitor angtiwfixes
the output voltage is called the freewheel phadeusT the

C:

Up .

Smoothing inductor.
filter capacitor.
control signal of the transistor.

U T
scC
The control of the transistor & 0, which causes the T

I, : current supplied by the converter.

B. BUCK/BOOST Converter

The buck / boost converter is a reversible cur@@t-DC
which appears throughout the equations of the converter
shown in (7) and (8). Two types of operations: Buokde,
when the supercapacitor receives power from thebD&and
booster mode, when the supercapacitor provides ptovae

DC bus.

DC

[
sc

Figure 5: Buck/Boost converter
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Remarque: The super capacitor is modelled by atanns

Case 2: the second buck converter operates when the

value G, capacity in series with a low resistance. equations of the two converters are given by:
di, U, U, u
Case 1: —t= B _—DCy_1y (12)
The converter works as a boost mode so, it provide§it L, L, L,
energy to the DC bus: dli U R U
di, R 1, 1, ( st2 =TT (13)
—4=—=tf +—U_-— u 7
dt L2 L, L2 L . DC 1 0 I 2 2 l 2 J
Case 2: 2C = = (1-u) +—= (1-u, ) —2 (1
The converter working as buck : dt C G R, G
d,_ R_. 1 1 By making the following change of variables the tsystems
dt2 = L—SCILZ +L_US° -— Uy (1-u,) (8  can be combined into one:

2 2 2

With: Usc voltage terminal of the capacitor of the sup
capacitor (V).

L,: Smoothing inductor (H).

U;, b two commands of transistors.

Rsc: Internal resistance of the super capacitor pack

Upc : DC bus voltage

C. Global system model

The overall model is formed by the two DC-DC conees
super capacitor pack and a resistive load. Thensahaf the

system in detail is presented in Figure 3
- 5 1 L
YA N TTI YN

SERE HIEEE =

Figure 6: The global system scheme

The IGBT transistors are controlled by the commaigghals
U, wand uy.

With  lhargs=Upc/Ren

Two cases will be presented:

Case 1 : the second converter (buck / boost) ogeras
BOOST then, the equations of the two convertersgaren

by:

d|L1 - UBat _ UDC +i UDc (9)
dt L, L, L,
di, uU_ R U
2 — Tsc__Isc| __ZDC(]._y 1
d L, L, * L, (1-u) 0
du I I U

pc —_4L (1'U1)+ L, (1_%) DC (1

dt ¢ G R, G

194

u, =(1-w)T+u (1-T)

SVhere k is a binary variable defined as:

T=0 buck mode
T=1

Which gives usT = buck . Boost

Both systems can be grouped into one. By combirirey
equations (9) with (10), (11) with (12) and (13)w(14), we
obtain:

boost mod

d, U_ U
L1 — Bat _ DC +i UDC (15)
d L, L, L,
dl U._ R U
Lo — _—sc __'sc - DC U4 (16)
d L, L, 2 L,
du I
0 = L (1-y)+—2 u, —2 a7,
dt Cf Rh Q
du, _ 1, 18)
dt C

11l Hybrid system

An autonomous hybrid system can be described kil

x(t)= f(x(1),a(t)) XGtF
q(t))e(x(t).a(t )) qt 3
Where x(t)O0O" is the continuous state vector,

q(t)o Q:{l,...%} , is the discrete state arg{t—)is the

discrete precedent state. The hybrid state space is

H=0"xQ.
The function e :0"xQ — Q describes the change of

discrete state. The change of a discrete statendther is
called transition or switching. The transition beem two
states i and j is obtained whet{t) reaches the switching

section§ | ={ X e(x,i)F }
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Among the most important classes of hybrid systémmsd, A hybrid automaton is a dynamical system that dessrthe
are the piecewise linear systems, which are de=striy: evolution in time of the values of a set of disereind
%(t)= f (x)= A(g)x(tW* B(g continuous state variables.

(t) q( ) (a)x(t) B(a. Definition: A hybrid automaton H is a collection
Where A(q)00™" and B(q)JO" matrices are H =(Q,X, f,Init,D,E,G,R, where:
dependent on . Q={q.q ..} isasetof discrete stai
By choosing the state variables as follows:

X =0" isasetof continuous states
X1=l1 ; %=l ; X3=Upc and %=Ug. ,The system can be

presented as follows: f(.,.):Qx X - O" isavector field
X(t) = A (1) + Bu (1) (1Y Init DQx X isaset of initial states
y(t) = Cx(t) (2 Dom():Q- P(X)is edges
With matrix A given in table 1: G(): E » P(X )isaguard condition
Aq Aq R(.,.):Ex X~ P(X)is a resetmaf
Bg_conver:_;:gm Ay Aq In our case eight discrete states are possible
_convert_2: _ i
DC_convert_1:0FF A, Ay Q —{%,2,3 45678} and the edges are defined as
DC_convert_2:0ON following:
DC_convert_1:0FH As A,
DC_convert 2:0OFH (9,.9 ).(q .9 ).(q9.9 ).(a .9 ).(8 4
DC_convert_1.0N A, A \
DC_convert_2:0FH (6. ).(q.9 ).(9.9)(d.9)@ al
The second BOOST BUCK E-= (qs,q3 ),(q; .q )(g .9 ),(g Nol ),(7q a )
converter mode
Table 1: matrix A in buck and boost mode (0.9 ).(q.9 ).(qg.9)(d .9 )@ 9
Where (4.9 ).(g9.9 )(9.9 )9 .9)
[0 o 0 0] 0 0 L 0 The guards are defined as follows:
R 1 L The first case when the second converter works lasoat is
0 L—2 0 L o Re o, L defined by:
A= 0 0 1 o A,= L, L. Gio= G43:{X|:| D4, X1> |ref1}
- 1 1
R.C, c_ o - R.C, 0 Gy= G34={ xO0o*, X < Iref —Alrefl}
1
° e 27 0 Ci 0 o] GuF G23={XDD4, X, > Irefz}
— —_ - = - _ _ 4 _
N o 0 o o1 GumGA{xDOY, x < Iref,~Alret}
L, R 1 1 The second case when the second converter workbasla
R, 1 1 0o — -— — we define:
R bk : .
Aty g L Mt G56:G87:{XDD ’ X1>Iref1}
¢ ¢ ro ° Ci R,C, Ges= Gr={ X0 0", X < Iref, - Alref, }
o = o o e % %) ewGe{xOD*, x> et}
__ | : 1] _ Ggs= G76={XDD4, X, < Iref, "= Alref, }
Ly -
L
) ' u, And finally the second converter can change its enfodhiction
X=| = B=|0|u= between boost and buck. So, we define the guaiullass:
UDC 0 u, G15' GZG, Gs7, G43WhenT:1 and &Y GGZ, G73Y Gg4When T=0.
L sc L O ]
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In boost mode, the Guard conditions for fitet DC-Dc I1l. SMULATIONS

converter GGy and Gu,Gs are defined respectively as yye take the following values:
follows i1 > lerr @and |1 < liet — Al o1 at the same time for the

second converter G,z andGy,,Gs, are defined respectively Compound Value
as follows js > ler, and |5 < lierp — Alerp, These guards cause L 330 mH
the system to remain in certain limits. Therefailee load Ll 330 mH
current and the voltagegd remain in a definite limit. CZ 800 LF
In figure 7, we have made the state chart whenstwond RF 0 0052
DC-DC converter is work as boost mode that is tp Isath RSC iOOQ
DC-DC converter work as boost, the system initiadtgrts CCh 70F
'SC

with g = 1. Soon, as a condition is met, it swikhe q = 2 if
the currentdyost lref OF it switches to g = 4 if the currentds>

Iref'

| boost2< IrefZ’A | ref2

Mode q: Mode q;
BOOST; : ON BOOST; : ON
BOOST, : ON BOOST, : OFF

Iboostzz Iref2

|boostlZ |ref Iboostﬁ Irefl‘
At

Iboostﬁ Irefl

Figure 5

IboostZS IrefZ'AI ref2

Mode ¢ Mode g
BOOST; : OFF BOOST; : OFF
BOOST,: ON BOOST, : OFF

I boost2> Iref2

Figure 7

The second chart (figure 8) represent the secondemo

when the second converter work in buck mode.

IbuckZS Irefz"AIref .

Mode g Mode g
BOOST; : ON BOOST; : ON
BUCK;: ON BUCK; : OFF

)
IbuckZZ Irefz

|boost]2 |ref1’ Iboostf Irefly'AIrefl’

| boost1< Irefl“AI

,
| boost1= Irefl

IbuckZS Irefz"AIrefZ'

Mode g Mode g:
BOOST; : OFF BOOST, : OFF
BUCK; : ON BUCK; : OFF

)
IbuckZZ Irefz

Figure 8

The passing between the two modes is conditionethdy
value of T, if T = 1 we have 0{1,2,3,4} and if T = 0 we

haveq{5,6,7,8}

IboostlS Irefl'AI refl

A. The second DC-DC converter work as a boost:

In this section, the second converter works in bousde,
both converters are current order. For the firstadba@urrent
I, reference max and min is between 3.5A and 4A, enthie
second boost converter current valugi$ between 1.5A and
2A. Figure 1 shows respectively the currents in ¢bhids L,
and L,. We see that the two currents are positive anduiper
capacitor discharge because both converters wathest.

T T T T

I //WVM T ———— MMWMM

el
A7 NN A A A VNN AN
! J / - ‘ ILL [A]
0.5 - T2 [A] ]
U(‘/ 01 0.2 03 04 (lli 0.6 0.7 (‘iS Qio 1
Figure 9: The; and |, coil current
120 AU
100 ﬁ"N
£ aff
é 60 ‘
40 /
20 r‘
L

0.5 0.6 07 0.8 0.9
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Figure 10: The b DC voltage

0.2 0.3 04

,
refl

0.1 03 04 0.6 0.7 0.8 0.9

Figure 11: The L. Vol

02 0.5
51

tage of supercapacitor
In this case, the supercapacitor pack voltage dsese

because the second converter works in boost modeitS
provides the energy to the load (when it starts).
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Figure 12: The q(t) VaIue (boost mode)

il
Lt
B. The second DC-DC converter work as a buck:
In this section, the second converter work in bowde,.

For the first boost current,l reference is between 3.5A and

4A, while the second buck converter current valuge i$
between -2A and -1.8A. Figure 1 shows respectivibly
currents in the coils Land L. We see that thel current is

In this case, the voltage supercapacitor pack asae
because the second converter works in buck modét so
provides energy from the load (when braking).

0.1 02 03 04 :E\; 0.6 0.7 0.8 0.9
Figure 16: The q(t) Value (buck mode)
IV. CONCLUSION
In this paper, we have presented a hybrid modeadintpe

positive but |, current is negative and the super capacitor power management system for electric traction, reisly

charging.

e e e MM\WW

L2 [A]

VA AAANAANS VAAAAANAAAA

0.2 03 04 '?\; 0.6 0.7 0.8
Figure 13: The\} and [, current

MM i

0.2 03 0.4 '0[:] 0.6 0.7 0.8
Figure 14: The b DC voltage

formed by two DC-DC converters (buck and buck /dtho
which operates in several modes. Switching betwibese
modes is defined by the current limits that guararthat the
DC bus voltage remains in a limit well determin&dhally,
simulation and numeric applications, given the Issu
obtained, show the validity of the approach used.
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