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1. Introduction

This tutorial is intended to guide you, step by step, to design the inner control loop in
dq axis of a three phase grid connected PV inverter from its imported frequency
response.

In this tutorial have not been included the outer control loop and the MPPT (Maximum
Power Point Tracker) algorithm. See Figure 1.
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Figure 1: block scheme of the system

There are a lot of possibilities to design the control loop of the aforementioned system.
One of them is the conventional control using axis decoupling by means of feedforward
loops as shown in Figure 2.
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Figure 2: Feed forward axis decoupling
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Due to the axis decoupling, the conventional control scheme requires the implementation
of algorithms with high computational cost.

For low cost applications a simplified control strategy is proposed and shown inFigure 3.
As it can be seenin Figure 3, a direct Pl control (without feedforward loops for axis
decoupling) has been proposed. This technique is the one that has been used in this
tutorial.

Taking into account the symmetry of the balanced three phase inverter, two identical Pl
controllers must be tuned. In order to design this Pl compensator, two different
possibiities can be selected

a) It can be considered the mutual transfer function.
b) It can be considered the self-transfer function.

Due to the higher bandwidth and stable (together enough phase margin and stable
operation) is preferable to use the self-transfer function.
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Figure 3: simplified control strategy for the inverter

The first step wil be validating the theoretical self and mutual transfer functions by
means of a PSIM AC analysis of the three phase grid connected inverter.
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2. AC Analysis in PSIM

The frequency response of the plant is obtained from the averaged model of the three
phase inverter.

To do so, the PSIM AC analysis tool is used. The schematic necessary to generate this
AC seep is shown in Figure 4. Being its result the one shown in Figure 5.
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Figure 4: Schematic for AC sweep analysis in Psim

W Fie fde Viem Aun Sereen Memure Aasbah Labed Opiens Sefting Windew Help

=80 SEH% 5 XY W eoomoTT AR

amp(lQ) .

70
60
50
40
30
20
10

phase(1Q)

50
25

25

-50

-5

-100

128

10 100 1000 10000
Fraquency (Hz)

1 or Y - W e T e pS

Figure 5: AC sweep response of the system

Save the data with the menu File -> save as -> AC_Sweep_data_points / .txt excel
compatible
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3. Import data to SmartCtrl and calculate the compensator

1. Open your SmartCtrl Software and select Import frequency response data from txt
file as shown in Figure 6. And select current mode controlled.
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Figure 6: SmartCtrl option to load AC sweep data in txt format

2. Configure the input data and click OK to continue. See Figure 7.
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Figure 7: input data configured in SmartCtrl
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3. Specify the current sensor. See Figure 8 and Figure 9.
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Figure 8: Current sensor choices

The current sensor specification window is automaticaly shown. It is necessary
to set the sensor gain and the bandwidth (pole frequency) of the Hall effect
sensor. Then, press OK. Type the values shown in Figure 9

Hall effect sensor x
Gain (V) 1
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L 1
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Figure 9: current sensor parameters

4. Select a PI compensator. See Figure 10 and type the values shown in Figure 11.
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Figure 10: Compensator choice
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Figure 11: Pl compensator parameters

For an equivalent analog implementation of the compensator, it is necessary to set
the modulator gain and the value of the resistance “R11”. In this case the resistance
value is not important because the Pl regulator to be implemented in PSIM is given
by the values of the proportional gain and the time constant. Once the values of
Figure 11 have been introduced press OK.

5. Once all the control elements have been defined, the crossover frequency and the
phase margin must be selected. Click on the "Set.." button and the solutions map wil
be displayed. See Figure 12.
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Figure 12: Access to solution map

Now, select the crossover frequency and the phase margin of the loop just by clicking
within the white zone and click OK to continue. The selected pair (PM and fcross) will
provided stable operation. Optimization process can be carried out in the main
SmartCtrl window.

In this tutorial, a fc of 300Hz and a PM of 45 degrees have been chosen. See Figure
13.

3 Phase grid connected PV inverter Tutorial V3.0 — December 2018 www.powe rsmartcontrol.com



g,__._mc“sr’r

=

3 Phase grid connected PV inverter

Cross frequency and Phase margin input X

Phaze margin vz Cross frequency
250

It's highly recommended to click an the
unzhadowed [white] region for selecting
an appropriate (Cross frequency Phase
maigin] couple of values.

200
Take care alzo of attenuation [K[sR[s]
at Faw] and Phase margin edit boxes,
when their backgrounds are red painted!

180

=
o
2 Cross frequency Phaze margin
E |00 45
o 100
KL=l R) at Faw
[55.2481
50 \
Phidmin=0 \ \ Faw=15k Help
10 100 Tk 10k 100k TH
Cross frequency(Hz] Lancsl ak

Figure 13: solution map with the point already defined

Once the crossover frequency and the phase margin have been selected, the solution
map wil be shown on the right side of the input data window. If, at any time, the two
parameters need to be changed, just click on the shown solution map. See Figure 14.
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Figure 14: SmartCtrlwizard fully completed

Confirm the design by pressing OK and the program wil automatically show the
performance of the system in terms of frequency response, etc. The regulator
parameters to be introduced into PSIM are Kp and Kint. See Figure 15 and Figure 16.

3 Phase grid connected PV inverter Tutorial V3.0 — December 2018 www.powe rsmartcontrol.com



q smart
3 Phase grid connected PV inverter

cfrl

B sruntae - Comto - o %
File Deign Opticms View Tockh Werehouse Windiw Help Py
ChedEd FF - HOLALGL 3 OdBEB@BEYy O @OTE0D
PR BMIFASE o in | BE@lsil e % et |
[Beme ) = e =
G 1 4] v oauency Fivn Yidogl s
— ] L
& [F50m
hl’T
|
i Anernshon [l (B
= =
3
Prascs ssargn va Dooa oaptrcy
™

ny
§ 1]

In b e el s 0131
: oo
P

e AR ] " | | |

™

2150y
A0
i L] i 73 TR R i T e W ey e
Frogpamrpiitel T}
Fasty Felb = 30 AT = 15 GMSB) = ZAS1 Al « 503 s

Figure 15: SmartCtrl dynamic response analysis window
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Figure 16: Zoom over SmartCtrl output window

The compensator values calculated with SmartCtrl for the identical Pl are:

e Kp=16.48¢-3
e Ti=1.89-3
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4. Closed loop performance

In order to check the closed loop performance of the regulator calculated with SmartCtrl,
aclosed loop simulation with PSIM has been carried out. The simulation schematic circuit
can be seenin Figure 17; and, its simulation result, in Figure 18.

s @

=T

Ko

.

Figure 17: Psim schematic with SmartCtrl parameters
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Figure 18: Results of the Psim simulation
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As it can be seenin Figure 18, the system has a good performance (without the use of
feedforward decoupling loops). Therefore, the control loop designed with the proposed
method by means PSIM and SmartCtrl is valid to connect a three phase PV inverter to
the grid.

Note than more detailed power stages can also been controlled by means this strategy
(PSIM with SmartCtrl).

LCL fitters, digital implementation with delay effects and every other parasitic effect can
be included in PSIM before the AC analysis to obtain a plant transfer function as realistic
as it wil be required.
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