ELEC-E8402 Control of Electric Drives and Power Converters Exercise 3

Problem 1: An operating point of a grid converter
The figure below shows a grid converter, whose DC voltage is uq. = 600 V, DC current
is iqc. = 10 A, and filter inductance is Ly = 10 mH. The electric grid is assumed to be a
balanced three-phase voltage source with frequency of 50 Hz and phase-to-phase rms
voltage of 400 V. The displacement power factor at the PCC is controlled to unity.
The converter can be assumed to be lossless and switching-cycle-averaged quantities
are considered.

(a) Calculate the converter current vector in grid-voltage coordinates.
(b) Calculate the magnitude of the converter output voltage vector.
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(a) In grid-voltage coordinates,

Solution

Uy, = Ugg + JUgq = Ug +j0 = 1/2/3-400 V = 326.6 V

holds. The converter output current is ¢, = 7.q + jicq. Hence, the real power and
reactive power at the PCC are

= - Re g_c} ugzcd s = = Im {u } ugch
respectively. The real power in the steady state is
Pg = Udclde = 600 V- 10 A =6 kW

since the converter is assumed to be lossless. The displacement power factor is
unity, corresponding to the reactive power ¢, = 0. The d and q currents are

Zpg 2-6 kW _ 2q,
= 208N 92 A =B
Su;  3-326.6 V beq

i
ed = 3ug

Remark: The power flows from the DC link to the grid, i.e., the converter
operates as an inverter in this operating point. Due to the inductance L, the
reactive power at the output of the converter, %Im {u.i}, is nonzero, where u,
is the converter output voltage, see Part (b).

(b) The converter output voltage in synchronous coordinates is

dz,
_Lfd + jwg Lgi, + u,
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In grid-voltage coordinates, the steady-state voltage is
U, = jWeLgl, + Uy = Ug — WeLlcq + jwgLileq
Hence, the components are

Ued = Ug — Weligleq = 326.6 V
Ueq = WgLlfica = 2w - 50 rad/s - 0.01 H- 122 A =384V

The magnitude of the converter output voltage is
Uo = yJuy + uZ = /(326.6 V)2 + (384 V)2 =329 V

Remark: For comparison, the maximum voltage in the linear modulation region

is uge/V/3 =600 V/v/3 =346 V.

Problem 2: DC-link voltage controller
A PI controller is used to regulate the DC-link voltage of a power converter,

Deref = _kp<Wdc,ref - Wdc) - ki /(Wdc,ref - Wdc)dt

where peef 18 the reference of the converter output power, Wy. = (C/2)u3, is the
energy of the DC-link capacitor, and Wacrer = (C/2)ud, . 18 its reference. Power
control is assumed to be ideal, i.e. p. = pcref. The input power pgc = Ugcldc is an
unknown disturbance.

(a) Calculate the closed-loop transfer functions Wy (s)/Wae ret($) and Wac(s)/pac(s)-
(b) Express the controller gains k, and k; as functions of the damping ratio ¢ and
the undamped natural frequency wy of the closed-loop characteristic polynomial.
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Solution
(a) The dynamics of the DC link are governed by

dWae
dt

= Pdc — Pc (1)

where Wy, = (C/2)u?, is the energy of the DC capacitor and the power pg. =
Ugclqe 18 an unknown load disturbance. The converter output power is

Pec = _kp(Wdc,ref - Wdc) - ki /(Wdc,ref - Wdc)dt (2)
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since ideal power control is assumed. Substituting the control law (2) in (1) and
Laplace transforming yields

sk, + ki S

WC :—Wcre S . 1. 1.
ac(s) 2+ sky + k0O f(5)+52+skp+ki

Pdc(S)

It can be seen that Wye = Wi rer OF Ude = Uderef i the steady state (s = 0) due
to the integral action of the control law. The transient response depends on the
controller gains.

The characteristic polynomial of the second-order system can be expressed as
5% + 2Cwps + wi. Hence, the gains are

ky =2Cwo ki =wp

Typically, it is desirable to select the damping ratio in a range ¢ = 0.7...1.
A critically damped system is obtained if ( = 1, i.e. there is a double pole at
s = —wyp. The assumption on the ideal power control holds well if the undamped
natural frequency wy is much lower than the current-control bandwidth.
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