2020 7th International Conference on Signal Processing and Integrated Networks (SPIN)

Current Controlled Charging Scheme for

off Board Electric vehicle Batteries

from Solar PV Array

Harshit Kumar Singh

Department of Electrical and Electronics Engineering
Dr. A.P.J Technical University, Uttar Pradesh
L.T.S Engineering College
Greater Noida — 201308
Email: Harshitkumarsingh108@gmail.com

Abstract—In this paper, we are proposing current-
controlled hill-climbing strategy used in Maximum power
point tracking (MPPT) of the solar photovoltaic array to
Charge OFF Board Electric vehicle lithium-ion batteries
within the safety limits and supported rating of batteries so
that EV battery does not get damaged and can also increase
the life of the battery. Here, a current sensor and potential
difference sensor-based electric vehicle off-board battery
charging by hill-climbing strategy is tested on MATLAB
simulation. The satisfactory steady-state battery is charging
within the rated charging limit, under variable solar
irradiance.

Keywords—Electric Vehicle, Charging Current, Supported
rating, PV array.

L INTRODUCTION

The transportation sector has seen a major shift
towards electric vehicles as it not only stops our
dependence on fossil fuels and stop pollution from these
vehicles that vehicles release. Hence, we are moving
towards cleaner sources of energy. Also, photovoltaic
resources are increasing in demand as they are the source
of clean energy and don’t emit carbon dioxide

Two types of charging method are there ON Board
charging and OFF Board charging.

ON Board charging is when Battery is kept in the
Electric vehicle and charging circuit is not on the vehicle
itself but near the charging station. And the battery is
charged directly through the DC supply.

OFF Board charging is when the charging circuit is
kept in the vehicle itself, and it can be charged using AC
supply as there is rectifier circuit kept on the vehicle
which converts the AC into DC which then charges the
battery. But charging batteries using solar photovoltaic
has problems of its own as if a high output solar PV array
is operating on MPPT conditions output of the solar PV is
kept at the maximum power possible and when one EV
battery is kept for charging it can damage the battery with
very high charging current.
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The MPPT is used to operate the solar PV array so
that maximum power can be extracted while it is in
operation for these different algorithms such as NHS,
Monkey king etc. are used [1][2] or using modified PSO
algorithm for MPPT [3]. Based on different sensors setup
which monitors the potential difference and current across
the solar PV i.e. multi-sensors MPPT operation [4].
Moreover, in some cases, single sensors were used to
either check current or potential difference from the solar
PV and was given as input to the algorithm to run MPPT
operations [5][6]. Nowadays MPPT algorithms are used
with solar PV to charge batteries with maximum current
from the solar PV array[6]. Other than MPPT, the
universal current mode for Li-ion batteries [7] and L3C
resonant convertor are used to charge batteries from PV
[8]. Moreover, solar chargers are being developed to
charge EV batteries with few constant parameters such as
power, current and voltage with power supply on 1-phase
to 3-phase based systems. [7]-[9][10]. However, problem
is this maximum charging current can cause problems,
this is due to the fact large solar PV array can produce
large current when operating on MPPT operation which
can be greater than the rated charging current of that
battery. Moreover, when more than one EV is being
charged, there is no method to protect them from damage
and reduce the life of the EV batteries.

In this paper, we have used a reference current as limit
such that its value is 10% of the maximum current
discharge rate of the lithium-ion battery. This limit is the
maximum charging current so that the batteries do not get
damaged. Now by using the hill-climbing strategy for
Maximum power point tracking with the help of the DC-
DC boost converter and reference current as the limit the
power output from the solar PV array is being controlled
such that when charging current is under the limit that is
below the reference current, solar PV can operate on
maximum power and DC-DC boost converter can operate
the solar PV array on Maximum power point tracking
operation and when charging current is over the limit that
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is above the reference current solar PV power output is
brought down and DC-DC boost converter can operate the
solar PV array on De-rating operation until the charging
current is below reference current. Further, when there are
multiple numbers of Electric vehicle to be charged we use
total numbers of OFF board electric vehicle as input data
and it will be used to calculate the Charging current which
is required to charge multiple EV in parallel, this is done
by multiplying the reference current by number of
Electric vehicles to get the new Charging current. And as
the battery is charged charging current is reduced again.

1I. SYSTEM LAYOUT

A. Solar PV Setup-

Fig.1 shows current-controlled hill climbing MPPT Off-
board EV charging using two sensors scheme which is a
current and potential difference of the solar PV array. this
proposed setup is for two batteries charging in parallel
with switch and protection diodes with each battery.

Fig 1. Proposed model for two batteries connected in parallel.

Where the number of batteries connected to the charging
unit is an input to calculate the charging current.

B. E.V Battery Arrangement-

“N” numbers of EV Batteries charging in parallel with
protection diode for each charging line to stop the reverse
current from flowing back in the charging system and
switches(S) to cut off the connection from the charging
unit when charging is complete.
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Fig 2 (N) numbers of electric vehicle batteries in parallel connection.

We have

I(Battery) =n* I(B Charging) (1)

Where,  I(gchargingy 18 rated charging current, and
I gattery) is charging current from PV

C. Current vs. Number of Batteries graph-

The Fig. 3 shows how I p4tteryyand number EV Batteries
connected are linearly related to each other. When the
number of batteries to be charged increases Ipgetery
increases so that all the EV batteries can get optimally
charge similarly as the batteries get fully charged the
I gattery decreases so that the battery does get damaged.
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Fig 3. Linear relation between I( gqrrery) and (N) number of
batteries.

D. Solar PV Cell-

Solar PV Cell is used to convert solar energy into
electrical energy.
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Fig 4 Solar PV cell electrical model
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Where, Vyis Open Circuit Voltage, and Igc is Short
circuit Current

E. DC-DC boost converter-
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Fig 5 DC-DC Boost converter electrical model
The DC-DC boost converter is used to control the voltage
by controlling the Input duty cycle given to the converter.

Vi

"=a-n

)

Where, V, is Voltage output, V;, is Voltage input, and D
is the Duty cycle.

According to the Fig.l output voltage from DC to DC
boost converter is connected the battery to charge it hence

Vo = VBattery Q)
Moreover, the voltage generated by solar PV is fed to the
converter as input voltage, hence;
Vin = Vpy (6)
Therefore, we can rewrite (4) as,

Vey

VBattery = m @)

F. Electric Vehicle Battery used-

Now in most electric vehicles, Lithium-ion batteries are
used due to their high-power density, lightweight and fast
charging speed.

+ ve(r) -
+ v, (1)
voe (B(8)) T =

i, (1)

-

Fig 6. Lithium-ion electrical model

Fig.6 shows the Electrical representation of Lithium-ion
battery, where Each battery is made with some standard
specifications such as capacity (AH), rated charging
current, rated voltage.

I11. CONTROL SCHEME

The objective is Battery charging current must be
below safety limit and rated charging current, Therefore
MPPT algorithm [11]-[31] will run according to using
controlled hill-climbing MPPT technique.

Icharging(t) > Ipattery =(De-rating operation) (8)
Icharging (t) < IBattery $(NIPPT operation) (9)

(10)

IBattery =n=xlp Charging

Where, n is Number of batteries, Ipcrarging 18
Maximum Allowed Charging Current, Icparging is

Charging current from PV to the battery.
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A. MPPT Operation

In MPPT operation, the objective is to maximize the
power generation(P_generation). In this case, the
system varies the Duty cycle for achieving this objective.
The variation of duty cycle depends upon increment or
decrement of power(4P) Since the characteristics of
Solar PV is non-linear in nature So we also check the
information that is linear in nature for this we monitor
change in voltage(4V)to decide the optimal duty cycle.

The Variation in duty cycle is calculated as:

AP > 0 & AV > 0 = Decrement in duty cycle (11)
if-else

AP > 0 & AV < 0 = Increment in duty cycle (12)
if-else

AP < 0&A4V > 0 = Increment in duty cycle (13)
if-else

AP < 0& AV < 0 = Decrement in duty cycle (14)

Then Eqn. (11)-(14) can be concluded as:

if
AP >0&A4AV >00r AP <0&4V <0 (15)
= Decrement in duty cycle
Else
AP >0&AV <00r AP <0&4V >0 (16)
= Decrement in duty cycle
Then Eqn. (15)-(16) can be rewritten as:
if
(AP > 0&A4V > 0)or (AP < 0& AV < 0)
=>D(t)=D(t—-1) -4 (17)
Else
=>D(t)=D(t—-1)+; (18)

Where §; is the step change of the duty cycle & D(t — 1)
is a previous duty cycle.

B. De-rating Operation

In De-rating operation the objective is to bring down the
P_generatedbelow the safety limit. In this case, In De-
rating operation the objective is to bring down the power
generation(Pgenemtion) below the safety limit. In this
case, the system varies the Duty cycle for achieving this
objective. The variation of duty cycle depends upon
increment or decrement of power(4P) Since the current
characteristic of Solar PV is non-linear in nature, We
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check the information that is linear in nature for this we
monitor change in voltage(4V) to decide the optimal duty
cycle.

The Variation in duty cycle is calculated as:

AP > 0 & AV > 0 = Increment in duty cycle  (19)
If-else
AP > 0 & AV < 0 = Decrement in duty cycle (20)
If-else
AP < 0& AV > 0 = Decrement in duty cycle (21)
If-else
AP < 0 & AV < 0 = Increment in duty cycle (22)
Then Eqn. (19)-(22) can be conclude as:
if
AP >0&AV >00rAP <0&4V <0 (23)
= Increment in duty cycle
Else
AP >0&AV <00orAP <0&4V >0 (24)
= Decrement in duty cycle
Then Eqn. (23)-(24) can be rewritten as:
if
(AP >0&A4V > 0)or (AP <0&4V < 0)
=>D({t)=D({t—-1)+9; (25)
Else
=>D({t)=D(t—-1) -6 (26)

Where &_i is the step change of the duty cycle & D(t —
1) is the previous duty cycle.

C. Flow Chart

Complete flow chart of current-controlled hill climbing
MPPT strategy is shown in Fig.7. Here (Si=§;) and
reference current taken to be 7A for one battery.

Here,
Ig(t) =n=I1(B) (27)

Where, I5(t) is controlled current from the DC-DC boost
converter. [ (B) is Rated charging limit of the battery.

IV. RESULTS AND DISCUSSION

In this section, results and discussion are shown in three
sections, 1) Output of solar PV array, 2) Output of DC-
DC converter and 3) charging output of the battery.
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Fig 7. Flowchart representation of hill-climbing strategy
suf T T T T T ]
|
i y
ul
9 \ I . . 1 .
] 5 1 15 2 25 3
Time {sec)
]
A0 T T T
b Py iy s ]
')
200 [ 1
.
Eal I ! I I 1 n
0 5 1 12 2 23 3
Time (set)
o)
1o T T T T T
3
£ \ I | \ 1 .
0 05 1 15 2 25 3
Time {sec)

o]
Fig 8. Output waveforms of the solar PV array, a) Ip;, b)
Vpy and ¢) Ppy .

A. The measurement power output of the Solar PV array

In Fig.8, the waveform of Ipy, , Vp, and Pppare shown,
where Ipy is the current generated from the Solar PV
array, Vpyis the Voltage generated from the solar PV
array, and Ppyis power generated from the solar PV array,
which is the Product of Ipyand Vpy,. These readings are
under the changing solar irradiance condition, where an
ambient temperature of 25 degrees is constant.
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Here output current and voltage are varied according
to the varied solar irradiance, which is falling on the solar
PV array. Resulting in variable voltage as well as variable
current output as shown below.

» T= 0 - 1 sec. current just below 20A, where solar
irradiance is 800 W/m?,

» T=1 - 1.5 sec. current is increased and equal to the
20A because solar irradiance is increased to the 900
W/m?,

» T=1.5 — 2 sec. current is suddenly decreased because
solar irradiance is decreased from 900 W/m? to the
600 W/m?.

» T=2 - 2.5 sec. due to solar irradiance of 1000 W/m?,
current may be more than 20A, but using de-rating
MPPT, it is forced to stop on 20A.

» T=2.5 — 3 sec current is suddenly decreased below to
the 20A because solar irradiance is decreased from
1000 W/m? to the 700 W/m?.

Here corresponding battery charging current is more than
the rated charging current i.e. 14A. Therefore, this current
needs to be under the required range before it can be used
to charge the batteries.
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Fig 9. Waveforms of DC-DC converter a) Controlled current output and

b) Controlled Voltage output.

B. Measurement Power output after the DC to DC Boost
circuit

The output of the Solar PV array is not optimal as per our
requirements therefore Vppis fed into the DC-DC
converter. Here, due to Controlled hill-climbing
technique, the solar PV array is forced by the DC to DC
Boost converter to work at MPPT operation and De-rating
operation during the charging cycle of the EV battery due
to varied solar irradiance. Which by controlling the output
voltage also controls the output current and get it in a
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suitable range for the battery, that is controlled current
output. Here, the DC-DC Boost converter is operating
from:

T=0to 1.5 sec —> Normal operation

T=1.5 to 2 sec —> MPPT operation

T=2 to 2.5 sec —> de-rating operation.

T=2.5 to 3 sec —> MPPT operation

This is done to get controlled current output i.e. Iggsrery
in the range below rated charging current that is 14 A.

C. Measurement while Battery charging -

Fig.10 shows Charging condition while Battery is being
charged with Ipg¢teryduring MPPT and during De-rating
operations. These conditions are mainly the State of
Charge, charging current and charging voltage.
e Increase in state of charge shows that battery is
being charged.
e The negative value of charging current shows
current is going in the battery and it is not being
discharged Charging voltage is constant.
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Fig 10 waveform of battery charging, a) State of charge b) Charging
current and ¢) Charging Voltage

V. CONCLUSION

The proposed method of current-controlled hill-climbing
Maximum power point tracking of the solar photovoltaic
array for charging off-board electric vehicles using two
sensors has been tested and simulated using MATLAB
Simulink and steady charging current under the specified
limit was maintained by proposed strategy during the
simulation of the system.
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