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Structure of the Charger
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in master thesis
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LLC Schematic

Controlled Uncontrolled
DC : Resonant rectifier and Load
: switch — Transformer —
link network tank output (battery)
I capacitor
It generates a square ltis a filter and It provides It rectifies and filters
wave voltage (duty has variable the galvanic ~ the current delivered
cycle equal to 0,5) impedance value insulation to the battery
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LLC Resonant Tank Impedance

leed worklng point, Gam Resonant Converter

—Q 0 47963 Vout= 500V lout= 25A
——Q=0.57555 Vout= 500V, lout=30A
Q=0.8993 Vout= 400V, lout= 37.5A

Resonant _____ Min Gaif'u (n*Vout, . ’Virfmm)
----- Max Gain (n*VoutMax / VmMax)
frequency | - boundary ZVS-ZCS

Switching frequency
regulation

—Q=1.4389 Vout= 250V, lout= 37.5A |

Output voltage
regulation
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LLC Design Method

__Start__
Define Vin, Vout range
Calculate n — § ;
Check Lm 2 Tr
Change selection
 Select|
Calculate the others parameters
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LLC Design — Output Data

Value Number of
components

L, [uH] 12,5 2
value
L, [uH] 4,125 2
C, [nF] 136,46 1
Charge profile
S i ] I ] I —VChérge
1.2 —ICharge

Optimized parameters

——fn operation
----- fn Cr +10%
————— fn Cr -10%

The switching
frequency range is
evaluated supposing a

Voltaae & Current & Operation frequency (pu)
o
oo

|
L | _ .
00 | charge profile
Vyue =250V Vour =400V Vour =500V Vour =500V
Iout =37,5A lout =37,5A Iour =30A Iy =25A
f.=188kHz —— f;=150kHz —— f;=109kHz —— f,=113kHz
v 05 I - 15 fg— — 107 kHZ 25 2
Time (.,
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LLC Control Design

__Start_>

Dual-loop Control
Define a values set of w, R,

Calculate X

Calculate X |
Calculate A

Calculate the eigenvalues of A
Update the graphic

Are the last
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OUT  |LLC system is
studied for the
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LLC Control Design — Root Locus Evaluation

Two dominant poles can be

15y \ 1 recognized
10 | .
\w lower damping condition

< st
[=]
g of
g
E sl Resonant frequency

10 /

A5 i It Is the control worst case
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W
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LLC Control Design — Current Loop
V
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LLC Control Design — Voltage Loop

The current loop dynamics

|
| l
_ |
can be neglected ifthe Vo Ie . L v L 4 1 |1, |
. —3O—{ PI P | = - !
bandwidth of the voltage }T | ¥ | sC, !
loop Is far enough Vo : |
IL . _I_L _______ -1
V.o .
Reference . requenc;/
voltage . C urrentloop_prop
Iout_tot_filtlgfsl—b C-Script C urrentloop_integr |mp|ementa’[ion Of the dua|_
Vo Burstcounter : :
Voltage loop + Voltageloop_prop loop control with a C-script
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Series Configuration — PLECS Simulation

Total voltage

wod T S S S R S S | Converter output voltage range:
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w0/
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Modulel (green) and module2 (red) module 3 (blue) module4 (yellow) voltage (

00 05 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 x1e2
Time [s]

!
7 POLITECNICO
2 | DI TORINO

12

PEIC Power Electronics Innovation Center - PEIC@PoliTO

er Electranics Inngvation Center



Series Configuration — External Voltage Loop

Modulel (green) and module2 (red) module 3 (blue) module4 (yellow) voltage

Modulel (green) and module2 (red) module 3 (blue) module4 (yellow) voltage
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Series Configuration — PLECS Simulation

Total current 1.95 % ie5 Modulel (green) and module2 (red) module 3 (blue) module4 (yellow) frequency

194 ..................... — R o R N L R »
193 L ERREE L R L TR EREE D
1921 A ........... .......... ............ ............ ............ ........... ........................ »
191  / R IR e Do RS R RS D
190 / ....................... ........... ............ .......... ............ ............ ........... ........................ .
1.89 ; : : : : ﬁ . i E
1.887%~ ..................... ........... ............ ............ ............ ............ R e o
187 R TRRER R R B e D TR Do e -
1.86 : : § : : : : : :
185_ o ....................... ........... ............ T — L ............ ........... ........................ L
1.84 % NG ........... ........... ............ .......
1.83‘ ....... ...................... ........... ............ ............ ............ ............ ........... ........................ .
182 ...................... ........... ........... ............ ............ ........... .......................
181 PN N R [EREEEEEE EEEREEE L R L R -
1.800 ..................... ........... ........... ............ ............ ........... .......................
1.79 NG N R [EREEEEEE EEEREERE L L R R -

1.78_ ........ .................... ........... ........... ............ ............ ........... .......................
65 177, N N . I S L ST . .

60 1.76¢ ....................... T R ......... o ...........

- I RO . St B 1 1B Y R 4 1 1.75 i ‘ i | i i i i i ‘ :
50, o o N L > : : NN 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 xle-2
45' """ """ """ Y NN NN . Al Time[s]

%! UM LW W

35 R .....
30 ......
25 ......
20 .....
10 .y
5
0

110
100
90
80
70
60-
50
40
30
20
10
0

(Al

[Hz]

(Al

The switching frequencies are different in order

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 40 45 50 55 6.0 65 7.0 7.5 8.0 x le-2 to compensate the parametric variations
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Personal Contributions

My personal contributions in this master thesis are:

« The development of a circuit design methodology
« The design of the dual-loop control

« Validation through simulations
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Multilevel team project

Experimental
validation

Now! t

Prototype
construction
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» PCB design

Master Thesis arguments ‘ Future work
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Conclusion

2x2 LLC Cells

Secondary
Rectifier

Thanks for the attention!

Primary Side
& Control
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