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Abstract.

Dealing with the energy management of a single edawr hybrid power pack involving battery and supgapacitor, the real

condition simulation and the preliminary experimamesults have been hereby given. Through of aisie management of both
super capacitors (Scaps) state of charge and theudovoltage, smoothed power demand is assigne toattery pack, whereas
high frequency power demand is managed by the Suagls Because military vehicle application is theget of the related

application, security-based constraints namely dxgtpack temperature, current and voltages thred$ichre taken into account.
The developed energy management is applied thraéghits Microchip microcontroller dsPIC33EP512MU8DY means of

CAN and CANopen communication. The presented sesald to be refined owing to the sampling timeeisof the used CAN
bus frames.

48
The | | P
presented work is performed in the frameworka%0
partnership project involving E4V (Energy For Vdhjcand
FEMTOS-ST (Franche-Comté Electronics Mechanics
Thermal and Optics - Sciences and Technologies)sgg\
research is funded by the French Government Armag1 n
Procurement Agency (DGA - Direction Générale _de
I’Armement). The main purpose is developing a cantard
intending to manage energy within a hybrid poweckpan
order to propel a vehicle. The theoretical desiiptof the
developed energy management strategy, has already
presented in [1]. In fact, it is a one convertebity power
pack of battery and Super capacitors (Scaps). 60

1. Introduction

57

One or two converters-based such a hybrid systemgiwa
already been developed involving fuel cell and 30[2914].63
Whether the one converter-based energy managerﬁe%t4
3,12-13] or the two converters ones [4,6,14], dfeen dealt
with ensuring smooth behaviour on the terminal ted tow
frequency devices like fuel cell or the medium fregcy one
like batteries. The main benefit of one convertetwork is
consequently a saving purpose (reduce the hybrgeppacks8
price). Therefore, the most used energy managepneriple
tends to apply charge sustaining strategy to tI’@p§(by70
smoothing energy of the battery [2-3,4,6,12-13,Bl]ch an,;
approach requires three nested control loops: r&r iourren
control loop, then an inner voltage control one andouter.
voltage control loop called compensation loop. Taiter on
serves to perform charge sustaining behaviourefSttaps by
pursuing its reference voltage value.

[

In this work, with the hybrid power pack involvingne
converter, it is expected to also operate the Scagharge
sustaining mode by smoothing the battery power. izomto
the previous performed works [2-3, 12-13] which are
implemented with real-time Dspace controller boaith 25-
kHz sampling frequency, our application uses CAN-based
CANopen protocol communication. In such a systeke li
ours with different sampling time of the involvedvites, the
control become more complex than the former apiidina.
The highest sampling time is 100Hz and the lowestOHz.
This kind of application based only on communicatio
through CAN bus is carried out in this paper.

The paper is organized as follow: firstly, the expental text
bench is presented before provide the CAN bus édmd t
control structure characteristics. Afterwards, datian
results based on real application characteristesi¢es data
transmission sampling time, the control signal ahe, real
response time of the control system) are providédally,
before the conclusion some preliminary experimergallts
are given.

2. Experimental setup

The experimental test bench has been carried ouheén
laboratory (FEMTO-ST\FC LAB’s site) as shown in the
figure 1. Using MPLABX 2.6 Microchip software, the
performed control algorithm is written in the
dsPIC33EP512MU810rhen through the CAN bus, data flow
are exchanged between the devices and the coanal ¢
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Dspic33EP  Data saving through an Agilent osctlloscope
512MU810
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Reversible load for 2QD operation

Fig. 1. Electrical network of the system

The hybrid power pack network and the related (crb;tf
structure aiming at matching the control targeshewn onyg
figure 2 [1]. It can also be found in reference |[>]ﬂrameter§9
calculation of the nested loops based on PI cdatrol 30
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Fig. 2. Nested control loops

3. The Control of the system

The Nested control loops can be performed basd&® am P145
discretized controllers (Fig. 4). Pl discretizedniroller
structure has been used in our system. Equatiop$3)1

present the pseudo-code of the Pl controller, vdtere
equations (4)-(6) show the IP ones.
m Y
Lor
¢ : 46
‘EI—-‘%+ -i:‘ Ak, = b;yv_m
_—
Discretized PI controller tructurewith anti-windup EisEEIP el E M I
Fig. 3. Discretized PI (left) and IP (right) contens’
structures
47

For IP controller,

48

& =Y = Vres 1) 49

s=s+K;-T; (m) + (u(t 1)~ u(t)) ()

Ut-1y =S — K-y (3)
For PI controller,

& =Y = Yrer 4)
s=s+K T (E[H[ 1) + (1) — u@) (5)
u(t_l) =S + Kp (6)

The sampling data of table 1 are useful for thesirend the
outer voltages . Vi) loops and the compensation of the
battery current if); they are accordingly measured and
transmitted through their CAN frames. It can benséwat
these data are endowed with different charactesisglated
to their precision and their sampling time.

Table 1. Data acquisition characteristics.

Measures Sampling  Precision Numbering
[ms] system

Vsc 54.2 +0.05V Float

Vi 109 +0.01V float

it 109 +0.1A Float

Regarding the set point current value (Table 2pjiears that
to the DC-DC converter, it is provided 10ms santgplitme
integer as current reference value. While we wmded a
precision to the hundredth of the value of the enirrlt is a
constraint from which we cannot undo. This mightdduce
some inaccuracies whether on Scaps voltage manageme
on battery pack set point voltage management.

Table 2. Set point variable characteristics.

Set point Sampling Precision Numbering
variable  [ms] system
Iscref 10 +1A Integer

The table 3 shows the controllers’ parameters. khada all
the provided parameters (from table 1 to tablehé) gystem
model is simulated. Then, preliminary experimeotathas
been performed.

Table 3. Controllers’ coefficients.
Inner loop  Outer loop Sampling [ms]

Proportiong 1.7184 -0,375 10
coefficient
Integral 103.1 -0,0114 10
coefficient
Table 4. CAN bus features.
values
Baud rate 250 kps
Data frames on the CAN bus 10
Minimum sampling time 0,5Hz
Maximum sampling time 10Hz

4. The simulation and experimental trials

As a result of the foregoing, the real conditioimawdations
have been performed.




OCooNOOTULPWN -

19
20

21

22
23
24
25
26
27
28
29

30
31
32
33
34
35
36
37
38

39
40
41
42
43
44

Paper Submitted to ICREGA’16

4.1 Thesimulation trials 45

A pulse generator profile with 25s period, 50% loé periodd6
with an amplitude of 20A is applied as the loadsrent. A

: - . 47
nominal operation is consequently modelled accardinthe
current limitation in charg@y max cn= -10A and the curren 9
limitation in dischargeén: max_dis= 30A The figure 4 gives the
results.
One can see that, the results at very high frequéfig; 4
(b)) should be refined because of the high dynapawaer
seen by the battery pack. However, this is dubessampling
time of the CAN bus communication and the
convergence response time of the nested loops aliensr.
Moreover, in the view of the industrial partner YEElectric
for Vehicle), the provided battery pack (Lithiumorr
phosphate batteries pack) could overcome suchnitastaous

power peak (from the data sheet 240A during 40s is

tolerated). Further work should deal with this s$a smootts0
energy on the terminal of the battery pack at fiighuency. 51
. (k) The zoom on #dt, isc and il 5§D
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This section is going to justify the expected béhaw of thegg
implemented energy management strategy. In additioegg
results will be analysed and both the strengths tre;
drawbacks of such an approach will be shown up. thhee
operating modes will be introduced: Normal opeatinode
in which the limitation bounds in charge and inctizrge are
not reached, the limitation mode in discharge ahéd t
limitation one in charge.
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Fig. 4. Real condition simulation results
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4.2 The preliminary experimental trials

Considering both the battery pack and the scaps pac

temperatures, the security-based thresholds aren téiktogg
account. The operating condition range of the teatpees i69
from -20°C to 45°C for the battery and from -40%C65°C70
for the Scaps. Throughout the experimental tria¢ssause of 1
the low current amplitude (less than 50A) the terapees;,

related

4.2.1 Normal operating mode

It is worth remarking that, the experimental residhowing
the waveforms of the battery and Scaps packs, match
well with the simulation results (Fig. 5 (a) ang)(b

(a) @bt and isc (b) The zoom on zbt, isc

15}---

10

Current, [A]
Churrent [A]

Time [s]

Time [s]
Fig. 5. Normal operating mode result

The load in the simulation case is a pulse of ZDie battery
current limitation bound in discharge being slightlet at
15A, it can be seen that any current limitationuscduring
this behaviour as shown on the Fig. 5. However,h hig
frequency current peaks are seen by the batterk pac
explained earlier. Except this issue, the contestidoehaves
as hoped.

In fact, the control key variables are gatheredhim table 1
(vb andvsg with their related acquisition sampling time. It
emerges that over 10ms sampling time, the congohdt
refined at high frequency.

4.2.2 Battery current limitation mode: operating
mode in discharge

This section deals with the battery pack securégdd current
limitation. The current bound in discharge is 15#&da load
pulse of 20A is applied as shown on Fig. 6(a).

(a) ibt and isc

(b) The stationary phase (c) The transient phase

N
S

-
5}

Current [A]
5
Current [A

o o

I
I

J_ L _L ob — L — 1
1 1 1 1 1 1
0o 5 10 15 0 10 15

Time [s] Time 3]

Time [s]

Fig. 6. Current limitation mode in discharge: (af)and isc,
(b) the zoom in the stationary phase, (c) the zoothe
transient phase

The current is suitably managed and after a shglettaking

remain roughly constant. These thresholds are riated in73 e to the two nested PI controllers, a steadye stétthe
the implementation so that outside these boundsyfh&rent limitation is reached. The Scaps pack fbeseassists

emergency stop is launched. 75

As for the current and voltage thresholds, the qipie is/6
explained in [1] and is implemented in the contatd. The/7
proper voltage thresholds management implies thapgoy 8
management of the current ones. Therefore, forisctress/9
reason, only the current limitation will be emplsasi ong0

afterwards.
82

the battery pack by supplying the 5A remaining eatras
expected (Fig. 6 (b)).

The transient period is highlighted by the zoonFag 6 (c).
Before the Scaps react to the current set point lsgrthe
converter, the battery pack undergoes the loadil@rbigh
frequency component. Afterwards, the system coregrg
toward the desired behaviour point. From Fig. 6, (it)
emerges that during a current drop, the currerstiold in
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discharge is overcome. This is the main drawbackhif43
44

control in the current state. ac

4.2.3 Battery current limitation mode: operating 4?

modein charge 48

As the behaviour is in discharge, it is likewisechmrge (Fig49
7). In stationary phase (Fig. 7 (b)), the limitatis observe®0
but not in transient one (Fig. 7 (c)jhe same analyses gé
discharge are also available in charge. 53

54
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6. Conclusions

Based on the single converter hybrid power pacbalferygg
and super capacitors packs, the energy managetnategy.

is implemented. In spite of the different samplinge (datayq
transmission sampling time on the CAN bus) of theicks,72
the suitable response time allowing satisfactomtrd of the’3
power flow has been performed
Unfortunately, to obtain some proper results a dampime 6
of at most 10ms should be applied to the measuedd¢
instead of 100ms inducing unrefined smoothing oe 7&
terminal of the battery pack at high frequency.flmther79
work, the presented results will be refined by gnéging80
some independent measurements with sampling timat

most 10ms (through the same CAN bus). 33
According to these satisfactory results (basedh@nbatterggL
pack allowable stress tolerance), different retiécmissiongg
profiles could afterwards be applied. Further hyization

benefits analysis after a result refining step ddé done. 3573
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