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The study on DC-link Film Capacitor in 3 Phase Inverter System for
the Consideration of Frequency Response
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Division of Electrical Engineering, Kyungil University
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Abstract A large-capacity three-phase system air conditioner recently includes an inverter circuit to reduce power
consumption. The inverter circuit uses a DC voltage that comes from DC-link power capacitor with the function of
rectifying, which means AC voltage to DC voltage using a diode. An electrolytic capacitor is generally used to satisfy
the voltage ripple and current ripple conditions of a DC-link power capacitor used for rectifying. Reducing the
capacitance of the capacitor decreases the size, weight, and cost of the circuit. This paper proposes an algorithm to
reduce the input ripple current by combining the minimum point estimation phase locked loop (PLL) phase control
and the average voltage d axis current control technique. When this algorithm was used, the input ripple current
decreased by almost 90%. The current ripple of the DC-link capacitor decreased due to the decrease in input ripple
current. The capacitor capacity can be reduced but the electrolytic capacitor has a heat generation problem and
life-time limitations because of its large equivalent series resistance (ESR). This paper proposes a method to select
a film capacitor considering the current ripple at DC-link stage instead of an electrolytic capacitor. The capacitance
was selected considering the voltage limitation, RMS (Root Mean Square) current capacity, and RMS current
frequency analysis. A 1680 pF electrolytic capacitor can be reduced to a 20 pF film capacitor, which has the benefit
of size, weight and cost. These results were verified by motor operation.
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Fig. 1. Voltage waveform of DC-link (a) Large capacitor
(b) Small capacitor
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Table 1. Current ripple specification of 600V electrolytic
capacitor

Capacitance Rated ripple current (Arms/85C,120Hz)

180uF 1.1A

1800uF 6.5A
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Fig. 3. Control block diagram of proposed inverter system
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Table 3. System specification

Parameter Value  [Unit]
Input Voltage 380 [Vac]
Input Frequency 60 [Hz]
Input Current (@ 380 Vac) 20 [A] [RMS]
Maximum DC link Voltage 538.8 [V]
Maximum Power 10.7 [kW]
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Fig. 4. Proposed film capacitor selection flowchart
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Fig. 5. Harmonics simulation
red : IEC 61000-3-12 specification
blue : film capacitor(20uF) current harmonics result
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Table 4. RMS current simulation result

20uF 40uF
Ripple RMS current 14.0A 11.4A
20% margin RMS current 17.5A 14.25A

Table 5. RMS current specification of film capacitor

10uF 20uF 30uF 40uF

10.8A 12.5A 17.5A 22.5A
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Table 6. RMS current margin in parallel or standalone

connection
Capacitance Connection c it
(Sim. RMS (S:Standalone apatm or Cost
Current) P:Parallel) eurrent spec.
20uF 20uF lea S 12.5A X (¢]
(17.5A) 10uF 2ea P 21.16A O A
40uF 40uF lea S 22.5A O X
(14.25A) 20uF 2ea P 25A O X
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Fig. 6. Current ripple analysis in case of 20uF capacitor
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Fig. 7. Current ripple specification of film capacitor
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Table 7. Frequency margin in case of 20uF capacitor

Frequency specification Simulation
6.56KHz 11A 8.2A
32KHz 11A S.1A
64KHz 10.5A 3.0A
96KHz 10A 1.7A

Fig. 8. Experimental Dynamo set
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