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Control response of N-phase interleaved buck converter for welding power supply.

Hiroshi Hashimoto™®, Member, Kashin Kiri**, Student Member,
Keisuke Kusaka™*, Member, Jun-ichi Itoh™* *, Senior Member

(2020 4E 12 A 2 B34,
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An N-phase interleaved converter was analyzed here to improve the current control performance of a welding power

supply. Consequently, it was found that the collective current control method of the N-phase interleaved circuit has a

current control response closing to that of a single-phase converter circuit with N times carrier frequency and 1/N

output inductance. This method reduces the accumulated energy of inductance to 1/N and lowers the heat generation

of the device, which can contribute to the miniaturization and higher performance of the welding power supply.
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Fig. 2. Welding power supply to be considered.
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Fig. 3. Fundamental buck converter.
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Fig. 5. Block diagram of individual current control.
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Fig. 6. Block diagram of collective current control.
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Fig. 7. Interleaved converter equivalent circuit.

Table 2.  Comparison conditions.

. PI Controller gain
Case Circuit type Carrier 13 .Output
frequency inductor T K
4 P
Al | Sigle phasebuck 20kHz T5us 300pH 300us 2.0
A2 converter. 60kHz 25ps 100uH 100ps 2.0
B1 900puH 300us 6.0
| 3 phaseinterleave,
B2 Individual current 20kHz 75us 300uH 100ps 2.0
| control
B3 100uH 33.3ps 0.667
C1 900puH 300us 3.6
1 3 phaseinterleave,
Cc2 Collective current 20kHz 41.6ps 300pH 100ps 1.2
control
3 100uH 33.3us 0.4
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Table 3. Design specifications

Quantity Symbol Value

Input voltage E 40V

Load resistance R 1Q

Carrier frequency - 20kHz

Phase N 3

Output inductor 100uH,330uH,900uH

gain(dB)

Al simulation
e} Al Experiment
15 ======- A2 simulation
a A2 Experiment

f(Hz)

(a)Single converter

10000

gain(dB)

BI1_simulation
[e] B1 Experiment
= = = = B2 simulation

[m] B2 Experiment
f(Hz)

(b)Individual current control interleave converter

C1 simulation
-10 o C1 Experiment
------- C2 simulation
o C2 Experiment
e e= (3 simulation
A C3 Experiment

f(Hz)

gain(dB)

(c) Collective current control interleave converter

Fig. 11. Experimental result of the reference tracking response.
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Table 4. Comparison result.

Result
Case | Circut ¢ Carrier Output
S YP¢ | frequency | inductor Target disturbanc | Inductor | Powerdevice Total
response e response volume temperature
Al | Sigle phase | 20kHz 300uH c A B B B
buck
A2 | converter 60kHz 100uH A A A c B
Bl 3 phase 900uH c A B B B
interleave,
B2 | Individual 20kHz 300uH B c A B B
current
B3 control 100uHt
cl 3 phase 900uH c A+ B B B+
interleave,
€ | Collective 20kHz 300uH A A- A B A
. current
e control 100uH At C A+ B B+
7 7
6
_ [m]
5
SRR <
=1 E
5 5
£33 E
5 51
2 = A2_simulation 2 o A2 simulation
1 . 1 .
O A2 experiment O A2_experiment
0 0
0 0.1 02 03 04 05 0 0.1 02 03 04 05
time(ms) time(ms)
(a)Single converter
20 20
18 18
16 16
14 14
212 212
é 10 é 10
Z 8 3 8
6 e (2 simulation 6 — (2 simulation
4 : 4
5 0O C2 experiment 5 0O  C2 experiment
0 0
0 0.1 02 03 04 05 0 0.1 02 03 04 05
time(ms) time(ms)
(b) Collective current control interleave converter
Fig. 12. Experimental result of the reference tracking step response.
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(b) Collective current control interleave converter

Fig. 13. Experimental result of the disturbance response.
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