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LLC tank pre-design calculations
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Voltage Gain — Theoretical Overview
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Figure 1: The simplified schematic and the equivalent small-signal AC model

The voltage gain function (normalized) expression is:
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See page 3 formula (23) [1].
You can found all formula of this chapeter in the same ref
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LLC Voltage Gain (Mg) Across Various Ln and Qe Values, Including the ZVS Zone
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Inputs and Specifications

‘/Inmin = 360 (V)
V[nnam = 380 (V)

‘/—I"maz = 400 (V)

VOmm =42 (V)
Vonom = 48 (v)

Vomaz = 54 (v)

Power = 1200 (w)
from = 100000.000 (Hz)

Inputs data

{'V_In_min': 360.0,
'V_In_nom': 380.0
'V_In_max': 400.0,
'Vo_min': 42.0,
'Vo_nom': 48.0,
'Vo_max': 54.0,
'Power': 1200.0,
'f_nom': 100000.0}

Transfo ratio and Voltage Gain

Vi 380 sos
" YNopm -2 48-2

Choose an integer value to simplify the transformer design.
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n = round(n) = round(4) =4
Vf =0.200 (drop voltage in the mos)
efficiency = 0.950 (hypothesis)

loss = 1 — efficiency = 1 — 0.950

= 0.050
1200
Vonom 48
Power-loss 1200-0.050
efficiency 0.950
VOSS o = == 2.526
: Tonom 25.000 )

margin = 0.010

Voumin - (1 — margin) + V£
Mgmm =n- Vlnmaz
2
4. 42 (1-0010) +0.200

00
2

=0.836

VOmaz - (1 + margin) + VI + Vg
Mgmax =n- VIn

min

2
A 54 - (1+0.010) + 0.200 + 2.526

360
2

=1.273

110
MgmazllO = Mgmaz . W

1.273 110
— 2 100

= 1.400

Lm, Lr, Cr tank

Below we will use grid search to find the best values for Ln and Qe .
The idea:

e Change Ln intherange:start = 1, stop = 10, step = 0.01 (around 100 points)
® Change Qe inthe range:start = 0.1, stop = 1, step = 0.01 (around 10 points)

We will select the Ln and Qe values that give an Mg value closest to Mg_max110 .
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Top 6 (Ln, Qe) Combinations Matching Mg_max110
The following 6 values of Ln and Qe closely match the target voltage gain Mg_max110 .

These rows were selected based on the criterion that Mg_ape is nearly equal to Mg_max110 .

Mg, 110 = 1.400

Lnc Qec Lm_uH LruH CrnF fn_min fn_max fsw_min fsw_max Mg_ape
0 241 064 61.127 25364 99.867314 0.6375 13790 63750.0 137900.0 1.400142
1 300 055 65392 21797 116.209238 0.6017 1.5622 60170.0 156220.0 1.400062
2 346 050 68562 19.816 127.830162 0.5707 1.7698 57070.0 176980.0 1.399923
3 3.68 048 70.005 19.023 133.156419 0.5471 19035 54710.0 190350.0 1.400284
4 421 044 73413 17438 145261548 0.5324 24133 53240.0 241330.0 1.400277

5 471 041 76.532 16.249 155.890441 0.5077 3.6928 50770.0 369280.0 1.400231

Grid search for Ln and Qe to find the best pair of values.
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Lnc=3
Qec = 0.550

Lnc = 3 and Qec = 0.55 represent an optimal compromise due to the following:

* Moderate gain slope (AM/Af):
In the inductive region, the gain rises gradually with frequency, enabling stable control without
abrupt sensitivity shifts.
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* Limited frequency span (f_min to f max):

These parameters restrict the switching frequency range, simplifying component design,

controller implementation, and consistent ZVS operation.

The selected pair (Ln, Qec)
Ln=3.00 Qec=0.55

freq_norm

Equivalent resistor
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Vonom

()% - Tonom
48

(3.142)* - 25.000

Renom = 8 - (n)’

=8-(4)°

=24.901

Renom = round(Renom, 3)
= round(24.901, 3)
= 24.901

Vonom

() - Topom - 1.1
48

(3.142)% - 25.000 - 1.1

Re110 =8- (n)2

=8-(4)°

= 22.637

V'I"nom 2
(=)
Renom
380 2
2
24.901
= 1449.741

reln

Lm, Lr, Cr values

Crop — 1 x 10°
2-7m-Qec from - Renom
1 x 10°
~ 2.3.142- 0.550 - 100000.000 - 24.901
=116.209 (nF)
Cr = 116.209

Cr = round(Cr, 3)
= round(116.209, 3)
= 116.209
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1
Lr =
(27 from)?-Cr-1x107°
B 1
(2-3.142- 100000.000)2 +116.209 -1 x 107°
= 0.000
Lr,z = Lr-1 x 10°
=0.000-1 x 10°
=21.797 (uH)
Lr,g = round(Lr,g, 3)
= round(21.797, 3)
= 21.797
Lm =1Lr-Lnc
= 0.000 - 3.000
= 0.000
Lm,z = Lm -1 x 10°
=0.000-1 x 10°
= 65.392 (uH)
Lm,
LseconduH = = 2H
(n)
_ 65.392
(4)°
= 4.087 (uH)
Verification
Lr / 0.000
r1x1079 .209- -9
Qcal — Orix10® 116.209-1x 10 — 0.550
Re110 -1.1 22.637-1.1
Qec = 0.550

Fsw limites and primary secondary currents
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fswmin = fnmin . fnom
= 0.602 - 100000.000
= 60170.000 (Hz)

fswmaz = fnmaz . f nom

= 1.562 - 100000.000
= 156220.000 (Hz)

wmin = 2 - 7 - fSWin
=2-3.142-60170.000
= 378059.260 (rad/s)

wmax = 2 - 7 - fSWyae
=2.3.142 - 156220.000
= 981559.209 (rad/s)

VOTLOm

Imrms:2'\/§'n’—.
7-Lm - wmin
48

=92. ﬁ 4.
3.142-0.000 - 378059.260
=6.992 (Arms)

Io = 25.000 (Arms)

Io

n-2-42
25.000
=1.1-3.142 . ——

4.2-4/2
= 7.636 (Arms @ 110%)

Toe,ps = 1.1 -7

TIos;ms = Ioepms - 1
=17.636-4
= 30.545 (Arms)

Itpms = \/(Imrms)2 + (Ioe)2

= 1/(6.992)* + (7.636)’
=10.354 (Arms)

Output data
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{'Lnc': 3.0,
'Qec': 0.55,
'Cr_nF': 116.209,
'n': 4.0,
"Lr_uH': 21.797,
"Lm_uH': 65.392,
"fsw_min': 60170.0,
"fsw_max': 156220.0,
"Im_rms': 6.992,
'ITo': 25.0,
"Toe_rms': 7.636,
'Tos_rms': 30.545,
"Ir_rms': 10.354,

'"L_second uH': 4.087,

'Re_nom': 24.901,
'Re_110': 22.637,
'Cr': 1.16209e-07,

"Lr': 2.1796999999999998e-05,

Simulations

Lm': 6.539199999999999¢e-05}

AC simulation of the LLC gain

1200W 400V/48V LLC DC-DC Converter Design - LLC tank pre-design calculations

V(n003)

70.17KHz 80.17KHz  90.17KHz

110.17KHz

130.17KHz

150.17KHz

.include params.txt

Cc1 L1
T, '
vi {Cr}y ALk 12 R1

{Lm} {x*Re_110}
AC1

.acdec 100 {fsw_min} {fsw_max}
.step param x list 0.1 0.20.40.6 0.8 1

Figure 2: AC response of the LLC tank, for load is 10, 20, 40, 60, 80 and 100% of Re_110

The frequency response is close to our calculated target for frequencies in the range [F_min, F_max].

you can donwload the simulation file here

Simple simulation (nominal)
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.tran

¥ Simple_simulationraw 1 ==&
kimlsils21
Vm Cr Lr
{Cry {Lr}
vm Lm Vout
{Lm}
- Rload
PULSE({Vdc} 0 0 100n 100n {0.5/Freq} {1/Freq}) {Rload}

020m 19m {Ts}

.param Vdc=380 Freq=100k Cr=1.162090e-07 Lr=2.179700e-05
.param Lm=6.539200e-05 n=4 Ls={Lm/(n*n)} Co=3m

.param Pnom=1200 Vnom=48 Rload={(Vnom*Vnom)/Pnom}
.param Ts={0.01/Freq}

*Im= I(Cr)-(I(Ls1)+I(Ls2))/4

Jici(Lr) = 0i(Lm) = 0 i(Ls1) = 0i(Ls2) = O

Figure 3: The simulation of the LLC tank

The output is around 48V for an input of 380V and 100kHz (nominal).
The Lm current is close to a sine wave form as expected (resonanance).

you can donwload the simulation file here
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Code Python notebook used to make this PDF

Abdelaziz BOUZIANI 2026-02-18

1"


https://github.com/BOAB235/Design_of_1200W_LLC_DCDC/tree/main/03_hw_design/01_design_justification/01_llc_tank/02_simulation/04_simple_model
https://bbs.dianyuan.com/upload/community/2013/12/01/1385867010-65563.pdf
https://github.com/BOAB235/Design_of_1200W_LLC_DCDC/blob/main/03_hw_design/01_design_justification/01_llc_tank/01_LLC_48v_LLC_tank_design_note_v2.ipynb
https://github.com/BOAB235/Design_of_1200W_LLC_DCDC

