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Single- or double-switch voltage equalizers with multiple low ripple-current
outputs for partially-shaded photovoltaic modules
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Voltage equalizers for partial-shading compensation that can be composed of a few
switches were developed for series-connected photovoltaic modules. Detailed operation analyses and
experimental verifications were performed for two major topologies: multi-stacked buck-boost
converters-based and resonant voltage multiplier-based voltage equalizers. The detailed operation
analyses and experimental results revealed that both equalizers can effectively preclude negative impacts
of partial shading and the efficacy of the developed voltage equalizers was demonstrated. Furthermore,
the resonant voltage multiplier-based equalizer can be integrated with an ordinary PWM converter by
sharing switches and a magnetic component, deriving a novel integrated converter. The integrated
converter not only further reduces the circuit element count but also realizes the system-level
simplification by integrating a PW converter and voltage equalizer into a single unit.
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(b) Two-switch equalizer using multi-stacked current
doublers.

Fig. 1. Developed voltage equalizers based on

multi-stacked buck-boost converters.
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(b) Voltage-difference-based control.
Fig. 2. Feedback control loops used for voltage
equalization.
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Fig. 3. Comparison between string characteristics with
and without the single-switch voltage equalizer using the
multi-stacked SEPICs with voltage-difference-based
control.
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Fig. 4. Developed two-switch voltage equalizer using
LLC resonant inverter and voltage multiplier.
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Fig. 5. Comparison between string characteristics with
and without the two-switch equalizer using the LLC
resonant voltage multiplier.
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Fig. 6. PWM buck converter integrating series-resonant
voltage multiplier for series-connected PV modules.

MPP
PWM
Fig. 6
PWM
PWM
PWM
1 1 2

2

M. Uno and A. Kukita, “Single-switch
voltage equalizer wusing multi-stacked
buck-boost converters for partially-shaded
photovoltaic modules,” IEEE Trans. Power
Electron., vol. 30, no. 6, pp. 3091-3105, Jun.
2015.

M. Uno and A. Kukita, “Two-switch voltage
equalizer using an LLC resonant inverter and
voltage multiplier for partially-shaded
series-connected  photovoltaic modules,”
IEEE Trans. Ind. Appl., vol. 51, no. 2, pp.
1587-1601, Mar./Apr. 2015.

9

2015 3 24

M. Uno and A. Kukita, “Single-switch

single-magnetic PWM converter integrating
voltage equalizer for series-connected
photovoltaic modules under partial shading,”
IEEE Energy Conversion Congress &
Exposition (ECCE), Sep. 18, 2014, Pittsburg
(USA)

113
>

PWM
” 2014
8 28

M. Uno and A. Kukita, “Single-switch PWM
converter integrating voltage equalizer for
photovoltaic modules under partial shading,”
IEEE ECCE-Asia, IPEC Hiroshima, May.
21,2014,

M. Uno and A. Kukita, “Two-switch voltage
equalizer based on half-bridge converter
with multi-stacked current doublers for
series-connected batteries,” IEEE

ECCE-Asia, IPEC Hiroshima, May. 20, 2014,

, “PWM

2

2014 3 20

M. Uno and A. Kukita, “Two-Switch Partial
shading compensator using resonant-inverter
and voltage multiplier for series-connected
photovoltaic modules,” 1SAS Space Energy
Symposium, Feb. 14, 2014,

M. Uno and A. Kukita, “Single-switch
voltage equalizer wusing multi-stacked
SEPICs for partially-shaded series-connected
PV modules,” |EEE Int. Telecommun.
Energy Conf. (INTELEC), Oct. 16, 2013,
Hamburg (Germany)

M. Uno and A. Kukita, “Two-switch voltage
equalizer using series-resonant inverter and
voltage multiplier for partially-shaded
series-connected  photovoltaic modules,”
IEEE Energy Conversion Congress &
Exposition (ECCE), Sep. 19, 2013, Denver
(USA)

2015-056003
2013 9 11

2013-188658



2015-76528 2013-212217
2013 10 9

2014-036983
2014 2 27

2015
PWM

ECCE 2014 Oral Session Winner,
Presentation Title “Single-switch
single-magnetic PWM converter integrating
voltage equalizer for series-connected
photovoltaic modules under partial shading”

@
UNO, Masatoshi
70443281

@

®



