
CURRENT INJECTION IN THREE-PHASE RECTIFIERS
test questions and solutions

In all of the subsequent questions, “the rectifier” would refer to a three-phase diode bridge
rectifier with the output voltage of VOUT = 540V and the rated output current of IOUT = 40A,
built using diodes with the forward voltage drop of VD = 0.8V and the on-resistance of RD =
0.02 Ω.

Topic 1, Introduction

1. Compute conducting power losses in the diode bridge of the rectifier and the rectifier
efficiency.

Ploss = 128W

POUT = 21600W

η = 99.41 %

2. Compute the amplitude of the phase voltages the rectifier is connected to.

Vm = 326.48V

3. Compute amplitudes of the 1st, the 5th and the 7th harmonic of the input current.

Ik, 1 = 44.106A

Ik, 5 = 8.8213A

Ik, 7 = 6.3009A

4. Compute the RMS value of the input currents.

Ik RMS = 32.660A

Topic 2, Current Injection

1. The optimal third harmonic current injection is applied in the rectifier. Compute the
power loss in the diode bridge and determine its increase in comparison to the case the
current injection had not been applied.

Ploss3 = 146W

∆Ploss = 18W

δPloss = 14.062 %

2. Determine the input power of the rectifier in the case the third harmonic current injection
is applied and the power taken by the current injection network. Assume that the power
taken by the current injection network is dissipated. In the analysis neglect losses in the
diodes.

PIN = 23625W

PINJ = 2025W



3. Aiming optimization of the rectifier power factor, determine kopt (φ) that maximizes the
power factor.

kopt =
3

2
cosφ

Topic 3, Current Injection Devices

1. A single-phase core is rated S = 240VA at f0 = 50Hz, and it should be used to build an
inductor intended to operate with the sine-wave current of the maximum amplitude of
Im = 10A. Which would be the maximum of the inductance that can be achieved using
this core?

Lmax = 30.558mH

2. The rectifier should be equipped with a current injection system that uses a zigzag con-
nected current injection device (CID #3). Determine the VA-rating of the device and the
amplitude of the voltages across its windings.

SCID#3 = 5654.9VA

VCIDm = 188.50V

Topic 4, Current Injection Networks

1. Current injection network #3 is intended to be applied in the rectifier, with Q = 3.
Determine L, C, and R, and the VA-rating of the 1:1 transformer.

R = 1.1250 Ω

L = 3.5810mH

C = 314.38µF

ST 1:1 = 38.880VA



Topic 5, The Optimal Current Injection

1. The optimal current injection is intended to be applied in the rectifier. Determine the
amplitude of the input current Im, resistors Rodd and Reven, and the power dissipated on
each of these two resistors.

Im = 48.368A

RE = 6.7500 Ω

Rodd = 1.1250 Ω

Reven = 13.500 Ω

PRodd = 2049.0W

PReven = 38.042W

Topic 6, Switching Current Injection Device

1. The optimal current injection is applied in the rectifier, using the switching current in-
jection device and the current injection network consisting of two resistors, R1 and R2

(reference to the presentation slides). Determine the amplitude of the input current,
the resistance emulated at the rectifier input, R1, R2, and the power that each of these
resistors dissipates.

Im = 48.368A

RE = 6.7500 Ω

PIN = 23687W

R1 = 10.125 Ω

R2 = 13.500 Ω

P1 = 2049.0W

P2 = 38.042W

2. Determine the power dissipated in the diode bridge.

IARMS = 40.662A

Ploss = 130.14W

Topic 7, The Discontinuous Conduction Mode

1. In the rectifier, the third harmonic current injection in the discontinuous conduction mode
has been applied, relying on the losses on the parasitic resistance of R = 0.1 Ω. Estimate
the rectifier output voltage and the rectifier efficiency using the δ impulse approximation.

VOUT DCM = 599.50V

ηDCM = 98.683 %



Topic 8, Passive Resistance Emulation

1. The current loaded resistance emulator presented in the figure operates with IOUT = 10A,
n = 4 and vRE = 20V cos (ω0t). Applying the sinusoidal approximation, determine the
emulated resistance.
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IRE, 1 = 3.1831A

RE = 6.2832 Ω


