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Introduction and Motivation
Auxiliary Resonant Commutated Pole Inverter (ARCPI)

Why ARCPI ?

 Significantly reducing switching losses

-  Lower dv/dt and di/dt, better EMI
AN « Higher possible switching frequencies

4 D L * Increasin wer densi
p v V = 1, creasing power density

— — ' Goal of this work

Voc/2 <‘> JE = c. | |
* Using ARCPI in PV Inverters

« But well known property of PV-Inverter is a wide dc input
voltage range

« Optimization current stress in auxiliary resonant circuit
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Introduction and Motivation
Auxiliary Resonant Commutated Pole Inverter (ARCPI)

« We use a positiv load current for this analysis

« The auxiliary resonant circuit composed of an inductor (L,).
' _*_]C” « Two capacitors (C,,-C,,)
= Cu « And two auxiliary switches per Phase (T,, and T.,).

Jiaad Assumptions:
S

1. All components, switches and voltage sources are ideal.

16‘1‘2

—— Crz

2. The load current |, 4 is assumed to be constant for each
switching cycle.

Resonance capacitance Resonant frequency characteristic impedance
Cr = 2Cy; = 2Cp 1 L,
Wy = Z, = |-~
Ier = lcrn + ler2 L C; Cr
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Commutation from the conducting switch T, to D,

It will be only used if |I},.4] < Ity = Cr
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Commutation from the conducting diode D, to T,

To achieve ZVS and ZCS turn-on T, must be switched on during tgioge cong =ts- 17

20
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Design Strategy

The input parameters consist
a) maximum load current

b) minimum and maximum dc link voltage
¢ ) The maximum overlapping time

d) real value of the diode-conduction time

e) Considering the dead time, C, can be determined

Input parameters

ILoad max

1:dead

v

The minimum and maximum values of Lambda

Vbe Link min

VDC Link max

tovp_max

Min. Pulsewidth

Calculation
L,

Choose Cr for

| the requested

Deadtime

Calculate
Amin ’ Amax

tdiode cond.

can be calculated

V .
Amin =1+ fe min \/LI‘CI‘ + t3iode cond
2]—‘rILoad max -
V
Amax = 1+ dc max \/LI‘CI‘ + tgliode cond
2LrILoad max B
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A: Design L, and C, based on variation of the maximum overlapping time

Desired operating point
I Load max=102 A -Vdc min=500V_Vdc max=1000V

3500 1 - 70 tovp2z max = tminPW = 300 ns
2,6 1\ Dead-Time 300ns -Diode-cond-Time 50ns I
2.4 ] _ 0 f4ead = 300 ns
22 tdiode cond = 50 ns
2 p 50 { =102 A
1,8 I Load_max
< 1,6 F o
214 p 40 &) Ve min=500 V, V4 max =1000V
- 12 30 S .
! j Design results
0.8 - 20
0.6 i L, =613nH , C.=22nF
0,4 ] L 10
0,2 ; : Amin = 1,511 |, A = 2,023
0 0 L o

200 300 400 500 600 700 800
tovp2 max (NS) maximum overlapping Time
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B: Design L, and C, based on variation of the dead time

A Lambda

2,6 1

2,4
2,2

16 4
14 4

1,2 1

04 1

18 4

0.8 1

0,2 1

1000 -

t

I 0ad max=102 A-Vdc min=500V_Vdc max=1000V

- 100
300ns -Diode-cond-Time 50 ns )

ovp2 max

Desired operating point

fdead = 200 ns
iLoad_max =102 A

Ve min=500 V, Vg, ... =1000V

Design results
L, =613nH ,C,=12nF

Amin = 1,39 5 Apax = 1,79

Dead Time (ns)
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Implementation adaptive control

Lr and Cr were from the last slides determined.
For each switching cycle, the load current and the dc link voltage are monitored.

vdc_Lin k_meas.

A 4

ILo ad_meas.

tovp1; PWTr1

L —
C.—
tdead >
T & Ty .
tdiode_cond > driven T, driven

T, driven

Tr1 & Tr2
driven

tovp2; P WTr2

Depending on the load current and dc link voltage, timing of the output signals are varying

to reach a low current stress in the auxiliary circuit.
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Results of the proposed adaptive control

L=613 nH- C=22 nF-t;,,/~300 ns

Overlapping time (ns)

400
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= tovp2 for Vdc =500V
= tovp2 for Vdc=1000V
— i Lr for Vdc =500V

i Lr for Vdc=1000V

r 240

210
180
150
120
90
60

- 30

Load Current (A)
Operation on variable timing

Peak current of the auxiliary switch (4)

A Simulation Model for an ARCPI
’l\Load_max =102 A

Ve min=500 V , Vg 1 =1000V

L.=613nH ,C.=22nF
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Results from the plecs Model

\
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Summary

B A detailed analysis of an ARCPI has been presented

B A new design method is proposed to optimize the current stress of the auxiliary circuit
B A variable timing control for the auxiliary switches using the performed analysis was presented.
B The control logic and operating principles have been verified by simulation in PLECS
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Thank you for your attention!

| will be pleased to answer your questions.
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