& B! N,
)\ PEE BRusa

PowerElectronics Innovation Center N

VEHICLE TO GRID (V2G) OPERATION
FOR AN ON-BOARD CHARGER (OBC) /

Candidate : Marco Geraldi
Supervisors: Fabio Mandrile (PEIC)

Riccardo Tinivella (BRUSA)
20.10.22



s %? )
PElE ::’Mﬁ ‘.‘J:‘?} Politecnico
WHAT IS V2G : ; =y diTorine ppIje M

Power Electronics Innovation Center SNt

HyPOWER
350r — Demand load
V20+off-peak charging . .
z 300 = Vehicle-To-Grid (VZG) is the capability to enable
E‘_j 2504 energy flow from the traction battery of the vehicle to the grid
| network.
é ase load lev .
2 ]5']_H se load level Beneflts .
6 . : | | . . = Vehicle owner can support grid services as:
16:00 20:00 24:00) 0400 E:00 1.2:00 16:00 = Peak deli
Time Example of peak shaving €ak power delivery

(Source [1]) = Energy demand management

= PF regulation

= Grid stabilizing in smart grid

= Vehicle owner gets economic rewards by
supporting the grid.
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[1] Journal of Modern Power Systems and Clean Energy volume 6, pages555-566 (2018)


https://link.springer.com/journal/40565
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* The role of the OBC in a BEV is to convert
energy from AC sources (e.g., house
outlet, Charging stations.) to DC form and
charge the traction battery.

= Up to now, most of the OBC are only
unidirectional, allowing the only flow of
energy used to charge the EV battery.

= Different way of charging a vehicle
= [evel 1: mains outlets

OBC BATTERY = Level 2: Wallboxes, AC chargers

= Level 3: DC Fast Charge
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The final goal of the thesis is the realization of a
prototype OBC capable of inverse power flow, opening
the doors to V2G technology.

In summary, the focal point of the thesis are:

= Familiarizing with OBC concepts

= Research of applicable standards for V2G OBC
= PLECS Simulation of the power converter

= Realization of the actual prototype

= Test of the converter prototype in the lab

BRUSA OBC7 On-Board Charger
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V2G-DC

@ Supported by CHAdeMO protocol only

Q Few compatible vehicles

Expensive DC Charging Stations required
(off-board conversion)

" CHAdeMO
Plug
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V2G-AC

Potentially compatible with all already
existing AC Charging stations (On-Board
Conversion)

@ Cheap Solution

° Lack of standards

Type-2
Plug
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UL 1741%* - EVSE safety and functionality
= EVSE are certified to UL 1741 to ensure grid NOT AUTOMOTIVE

conformance.
(*Not considered in this work).

IEEE 1547 - Interconnection and Interoperability Advancmg TEChnOIOgy

of Distributed Energy Resources with Associated =~ NOT AUTOMOTIVE for Humanity
Electric Power Systems Interfaces

SAE J3072 - Interconnection Requirements for

Onboard, Grid Support Inverter Systems AUTOMOTIVE but
UL 1741 SC has been developed to comply only for US
with not-stationary inverter and has been

adopted in SAE J3072 INTERNATIONAL®
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3-Phase measurements of Voltage and current are transformed in (d,g) Rotating
Frame via Clarke-Park Transformations, resulting in voltage and current of DC-

form in steady-state conditions. Three-phase SRF-PLL is used to compute the
reference phase angle.

This method ensure a simpler control architecture, with only 2 controllers
required, one for d-axis and one for g-axis.

Grid Voltage - abc

(Via + jVig) &™) = VQC (ma + jmy) e """"""" =

VDC Grid Voltage - DQ
th(t) — 5 ’ d(t) S 200 N SR S :gg
0
VDC PLL Angle 7 |
Vig(t) = —5=my(t) ] el
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i
Ug : mgy
l Kal(s) I ’é )@ : > = The measured current is controlled via two Pl Controllers,
________________________________ =1 one per each axis.
— : = Given current references, a feedforward term is added to
} Lw . . . .
0 Decoupling ' vy compute the modulation signals required for processing
—_— Feed-Foward 1 = T3 the switching pattern.
Lw [
-0 I Current - DQ
i I S 40 — id
: g-axis Compensator | — iq
u ‘'me
! l I I
e 1 0l
Modulation- D
v, 1- odulation- DQ —
2 A | — g
Mg = ——(ug — Lwyig + Vi) o{\— i
D
2 Lwgig + V.
My — = u{“q + Lipig + I.'sr,r::' -1 ‘ : : ‘ ‘
D 0.0 0.2 0.4 0.6 0.8 1.0
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= Voltage measurements are e o vt
referred to DC- > UNIPOLAR 700 — v
— Vc
550
. 500
= |tis necessary to connect the _ 550
neutral line to the middle point 30
. 250
of the DC-link to correctly 200
1 100
measure the grld VOltage. 0:0 05 1.0 15 20 25 3.0 35x1e-2 40 45 50 55 6.0 65 7.0 75x1e2
s s
ADC Reference St
WGN Generator I =|J> V_rid_abe
f*‘ >1.DC SPWM 4’@ Vabc T={> I_grid_abc rﬂsgjl-
) —>| > INV_V cope
e T > mva ZOH Iabe theta % 1_grid_dq
(V* v-re 2-Level ; In1 outt - v . : Rg Lg . Phase1 comh
1+ |:|R7DISH M%?;E ZEEF o s L . %EE% I st I = I_ I T Proses CRID
Scope —
C_ V_del \‘ #»—»[) LC_COMM_L N ;—/
L+ |:|R7DISH | o o
|-i|;| Cv3—>[> v.DC 2 Vil CV* ‘ 4_>|> NI 3 V_COM_DC-
Scope2
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Simulation results shows a promising algorithm control for | Grid Voltage - DQ Frame |
the current that requires to be precisely controlled. | 1— vd
After the closing of the main switch, the requested active _ _ _ _
power is ramped up to 22KW. | | Grid Current - DQ Frame
x le4 40- : : ‘ : : — Id*
3.01 — QUpperlimit : : : I Ig* |
Simulation Specifications: 551 — Q LowerLimit 200 s o - —

— S_rated j
Measure
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The Hardware prototype is made by the N
following components:
SOURCE
= Digital Board: Reads measurements
POWER BOARD

and compute switching pattern

= Power Board: Consist of 2-level 3-
phase converter with current and
voltage measurement sensors

= LC Filter: Low pass filter capable to
reduce switching noise and
harmonics

= Main Switch: Disconnects the
inverter output from the grid
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= _ =
HVDci"']put Isolated Voliage | \_ Half Bridge Terminals = < LLLLLl
_ Readings » s | o i =
DC Link Caps 8 S | = =
3x Current Sensors S N = - -
- e - E E - -
Screw Terminals Screw Terminals IBRRLL!
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Power Board

HV LV
' ' ™y
Screw Terminals . A @ 3x Half Bridge ]
j=]
g Tl ControlCARD
HVDC Input Isolated Voltage Half Bridge Terminals c
+ N o
DC Link Caps Readings 2 EV-Board
3x Current Sensors e
€L
Screw Terminals Screw Terminals =
o S
o v

(TMDSCNCD280049C )
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Four are the states in which the converter can
operate:

INIT: Initialization of all the peripherals

PWM_ON: Normal Operation, gate drivers are
enabled

PWM _OFF: Output is disabled, no switching

PWM _ERROR: Overcurrent event detected,
Output is disabled
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false———— ¥

h

START
@

[ Initialization of the device, ‘

Init

peripherals and control
variables

b 4

State I= oldstate

true

State= PWM_COFF?

true

State= PWM_ON?

true

State= PWM_ERROR?

true—m

®<-fals

OVERCURRENT?

true
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[ State = PWM_ERROR }

PWIM_OFF

Turn On LED
Turn Off Error LED

true-s

Enable Gate Driver,

PWM_CN

Turn Off LED
Turn Off Error LED

Dizable Gafte Driver,

PWM_ERROR

Disable Gate Driver,
frue Turn Off LED

Turn On Error LED

START

ADC_ISR()

Lfalse

'
*
h

y

Save all ADC readings

!

Convert reading to actual
voltage and current

v

ABC to DQ Trasformation

true

-

Compute Modulation signal
and convert do ABC

.

-

A

l

-

Update CMPA Counter

~
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Cap. Bank

48  Digital Board

Power Board (uC)

(Inverter)

LC Filter

Main Switch
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Experimental setup shown promising results:
@ IEEE 1547 current distortion limitation satisfied
High 37% harmonic distortion contribution

Non-null current flow on neutral line

Ml standards Limits
essure Test Specifications
e Vpc =800V
Vims = 230V _ o
e P*=18kW
l | |||.I|. bl “““““HlLLlLLI.LLiLLHH

8 10 15
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In conclusion:

= V2G Technology will be fundamental in the next future

= V2G-AC will give the opportunity to widespread this technology

= Lack of Standards and compatible vehicles

= Simulation on PLECS and test of the prototype shown promising results, achieving active and
reactive power control with harmonic emissions within the limits of IEEE 1547.

Next Steps:

=  Firmware improvements and bug correction

= Add an additional leg to control neutral line (4-wire Converter)
= Dqg0 modulation to compensate neutral current

= New PLL for advance performance

Possible Outcomes:
= Add “inverse” current flow capability to OBC7

DC Wallbox
(V2G-DQC)

OBC7 (V2G-AC)
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