TSTE26 Powergrid and technology for renewable
production

Lecture 7/
Converter control

Tomas Jonsson
ICS/ISY

LINKOPING
II.“ UNIVERSITY



Outline

o Grid inverter
> Power control
> Current control

o Coordinate transforms
- DQ-frame

« Phase Locked Loop
« PV with MPPT + Grid inverter (Lab3)

Grid Converters for Photovoltaic and Wind Power Systems by
Remus Teodorescu, Marco Liserre, Pedro Rodriguez

Chapter 4.2.2 Grid synchronization using PLL
Appendix A: Space Vector Transformations of Three-Phase Systems
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Grid power infeed

* Converter infeed of P + jQ through the
current injection | by controlling U,

* U, = U, 268, where § is the angle
difference to the grid voltage U,

’ ‘ Uy —I> Us 4|—@—®
Uy G2
O} |t e O
’ ‘ P-I-j_Q}
PQ-load
\j
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VSC power flow control

Pg -|-ng
—_—
L o U,286 —U
U,— . [ = v g
| fYvvyy 28 .
Ug=l I -~ jXV3
T )
b ¥ = Note /3 in the denominator
X i; since the voltages are ph-ph
T I B
|

P,+jQ,=V3-U,-I;

Controller % —-

« The converter ph-ph rms
voltage U,

« ¢ the angle difference
between U, and U,
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Voltage Source Converter (VSC)
U "
; qﬁ; E— @ —
| |
U,

amplitude
Uv adjustable phase angle

A
J

frequency
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Half-bridge (2-Ieve|) converter

« DC-side midpoint reference 1 _|
point for ac-output \UfiZ T

« QOutput voltage, u,,, switched [T~ v o,
Ug
betwe?]n + Ug2F _|G;
and - ¢ ]

« Output peak phase voltage
defined by modulation index
ma

. Ug

Uy = ma?
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Pulse-width modulated (PWM)
switching scheme

= Constant switching Half-bridge PWM
frequency (triangle Mg f= —pmfrmdo = A== o= o= =
wave) f, 0

= Amplitude modulation |
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Three-phase inverters

= Three legs

= Controls phase shifted 120°

= Midpoint not used

= Output ph-ph rms voltage v, = |2 m, -2

4@ 4@
I

Ud;2 == _| _|K ;
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VSC power flow control

Pg -|-ng
—_—
L s U,286 —U
U,— . [ =20~ Y
BT o oe o WL v :
azo | e S
) |~ B Note /3 in the denominator
X i; since the voltages are ph-ph
] .
| . . T *
Controller |# — - Pg +]Qg =V3: Ug Iy

« The converter ph-ph rms

voltage U,

3 Uy
= 2 e
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Pl-control

Current
reference

Feedback \

-

- 1{> E
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Load angle control of P and Q

 Active power ~ sin
« Reactive power ~ V¢ — Vp
P and Q not independent

V.V « Qalso depend on é
P, =—-%sino » P also depend on VgVg
X
0. = VVecosd Vg
R

X X
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Current control in abc-frame

By +jQg =3 ugy i

ﬁ

Ly

Uy

A

m"-ﬁ L |

F

Ug

x 0
I
I

G
o a
K\

Controller i-—-'«\C)P

* u,, IS controlled to achieve
lv — lvRef
* u, and i, are measured

dl

\, »Each phase controlled
separately

» Pl-control not practical due to
sinusoidal reference

»iprer = lyper cOS(WE + @)
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Three-Phase Voltages

Van (t) Von (t) Ven (t) - a-b-c

Ven\ o———.
gOSItlve
eqguence
0 _ 120°

RV IRY/ ot 120° V.
AN 120
| | | \7bn (b)
2n/ 2n/"
73 23
(a)
Fig. 2-11 Three-phase voltages in time and phasor domain.
Van = V2V cos(wt) Vi = V20° .
_ o V is the RMS
Vpn = V2V cos(wt — 120°) Vin = V£ =120 phase to neutral
Ven = V2V cos(wt — 240°) Ven = V£ =240 voltage
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Transformation 3-ph to 2-ph

EXXXXXXXXA

VAVAVA

Ua

Ub |
Uc

-1
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Clarke transform

1
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Transformation to DQ

Transformation to defined synchronous angle reference frame 6 = wt

1 T T T T T T T T T
Ualpha
Ubeta
I ANVANVANVAN vans
-10 0.61 O.(l)2 0.(|)3 0.(1)4 O.(l)5 0.(1)6 O.(I)7 0.68 0.(1)9 0.1
time [s]
1 T T T T T T T T T
ud
05F Yaj |
O | 1 | | I | | | |
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
time [s]
3‘ T T T T 3
£
g o
B
_3— 1 1 | | =
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
time [s]
Park transform Uq sinwt  —coswt 0
Ug| = |coswt sinwt
Uy 0 0
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DQ transformation, o: sodeg benind A-axis

alpha/beta to DQ

abc to DQ

sin(wt)

_ . 21
sin| w 3

, 2T
sin <wt + ?>

Ug sin wt
Ug| = |cos wt
U, 0

_Sin(a)t) sin <

sin wt
0

—coswt 0] [Ua
0 |Up

2 21
3 cos(wt) cos <wt - —
1 1
2 2
abc to DQ Uy 1
‘ Ug| =10

Ug 0

111 Ug

t
3> cos(a) + 3
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DO transformation, o: aigned win a-axis

alpha/beta to DQ

abc to DQ

sin(wt)

Uc . 21
sin| wt + ?

el Joim{o=5)
B |

Ug cos wt
Ug| =|—sinwt
U, 0
cos(wt)  cos (
—sin(wt) —Sin<
1
2
abc to DQ

—> [

sinwt 0] [Ua
coswt 0] |Up
0 11 1Up

N[ =

wt — —

2T t+27r |
3 cos| w 3

2T

wt — —

' t+27I
3 Sin| w 3

1
2

)
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Phase synchronization

£
k ™ Phase pd
Detector

Angle reference,
0 = wt

Loop
Filter

Oscillator output,
v’ = cos(wt)

Voltage
Controlled
Oscillator

-

Figure 4.4 Basic structure of a PLL
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Phase Locked Loop

PD LF VCO

‘?-P—* © T SN PR

Figure 4.5 Block diagram of an elementary PLL

Pl control of error £, = 0
Makes v and v’ in phase
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PLL and coordinate transform of
grid voltage and current

time [s] —Eg d
| Uc | Freq | | | | | | | | | |
A A \ abc wt @ 0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0
) NAE) (2 AN time [s]
0.03 ) 004 005 006 007 0.08 0.09 0.1 Wr
time [s]
PLL Abc to dq0 dqgO to dq
-K- plabc —
] B R
VdVq_prim
Abc to dq0 dqgO to dq
K- P> abc —
labc_prim —P|w dq0 ;\'
V->put abc to dqg1 Idlg_prim
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PLL to define DQ -frame

L —

%105
‘ ]
v2:1 3F
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Current control in dg-frame

Pg+ng=3-ug-'

Ly

F

1
|
J
Controller 4™ t«t

Wﬁ} [t

Ly

abc to dq

PLL
(3ph)

* u,, IS controlled to achieve
lv — lvRef
* u, and i, are measured

* UvDQref — UgDQ +]wLIvDQ

»Individual phase control not
needed

» Pl-control possible due to dc
reference

>ivRef — ivDRef+j inRef
»F,; and @, independently
controlled through I,,; and I,,,
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Vector control

P, +jQ,=~3-U; I

* Control current in DQ-frame: 1,4, I,

* Based on grid voltage: Uy, Uy
* PLL synchronized to U, makes U, = 0

* by +jQg = %(Ugd +jUqgq) - conj(lva + jlng)

:% gd (Ivd _jlvq)
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Vector control, ...

U, = U, + joLI, (Here U, and U, are ph-gnd voltages)

I,po, transform from ABC to DQ

UvDQref = UgDQ +ijI_vDQref + lc(l_vDQ — I_vDQrefz

proportimial control

PLL (Phase Locked Loop) required to define wt
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DQ current controller

@ ;(\ > P@) >+
Id_meas W #C}Z

P+ Vd_conv
@ Id_ref P-cont d-axis
Id_ref1
> P@) [ >+
Ig_meas >< 1 )
>+ Vq_conv
@ P-cont g-axis
- lq_ref
Ig_ref
Discrete o
u 00014 - y Vd_meas *
.004s+
VdVq_mes Feedforward d-axis
P wl -
Vg_meas Ltot_pu
P+
Feedforward g-axis
+
Ltot_pu2
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Vd/VVg to Uabc

Vnom_dc —p{ 1/2 X

Vnom_sec*sqri(2)/sqrt(3) p—— P +

VdVqg_conv

wt

P{dq0

abc

'-

Uabc_ref

II LINKOPING
o UNIVERSITY

26



2025-11-26 27

PV-system MPPT for grid infeed

« DC/DC conversion

* to increase voltage from PV to inverter

* to optimize PV-panel voltage, V1, for maximum power
« DC/AC inverter for grid connection

« Reactive power grid support

« DC voltage V2 control

j==mmemcccaas MPP-Tracker

H
'
'
I ¥ by

) $ A |
———p— | > o }o—y=o—
= Rias : AC
lv‘ vV :
g = ' ) ;| DC
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MPPT, Maximum
Power Point Tracking

« DC/DC converter to allow
different pv- and load
voltage

« PV-voltage is optimized to
reach MPP

ISC

MPP-Tracker

A
| USSR P

o

Q

0
A

Figure 7.6 Principle of MPP tracking: The output power is maximized by measuring the current and
voltage with the simultaneous variation of the duty factor
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DC/DC step-up(boost) converter

o VELL o J- L{f\j &
v.l C) . Jl:l 1 cjﬁ lvz
vt
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PV-system MPPT for grid infeed

« DC/DC not needed when PV output 3 U,
voltage is high enough Uy = |5 Mg~

« DC/AC inverter for grid connection
« Reactive power grid support
* DC voltage control for MPPT  rg+jq,

—_—
Uy ly Ug
Ug

—'7 132/345
S s 44 PQ-load
— ldg th :Vrteqabc Ll v
0 N ] o
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Inverter control

VSC Main Controller

O

Vabc_prim

2

labc_prim

 0[MVAr]

Pn’Nom. B 250 [MW]

—»< VdVg_prim

< Idlg_prim

—»L wt PLL

wt

Vabc_prim
VdVq_prim
labc_prim Idlq_prim

PLL & Measurements

0/250

A 4

=Ly

=

VdVqg_mes

Idlg_mes VdVq_conv

Idlqg_ref

Uabc_ref

Current Regulator

P VdVqg_conv

Uabc_ref Generation
max (m) =1

—p< WVdVg_conv

31

! o VDC Regulator
. 3 . . .
b oy By +JQq = E(Ugd + jUgq) - conj(Ipa + jlng)
1 pv 3 .
1 —_— D = —_—— — = _
V2 UdNom 2 Ugd (Ivd ]qu)

II LINKOPING

L UNIVERSITY



DC/AC grid inverter control

» DC voltage control to define I,p,ef

Id_ref
Z1d_re

» Reactive defined by I,,4f
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