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1. Summary

This final project treats an application of Predictive Control to a three levels inverter with a
Neutral Point Clamped topology.

Load and converter models are used to predict current behaviour, and thereby select the
most appropriate actuation following an arbitrary control criteria. Predictive control is a very
wide concept and different control methods have been presented under this name.

The implementation of the control was carried out on an experimental platform used in
previous projects present in the laboratories of the Grup de Recerca en Eléctronica de
Poténcia in the UPC ETSEIB, Polytechnic University of Catalonia. This consists of two three-
level converter with Neutral-Point Clamped topology in a back-to-back configuration, where
only the inverter stage is used in this project, along with the equipment necessary for the
control of the converter and for monitoring the desired electrical signals.

The main objective is to implement the control, first in a PC simulation and after in the real
platform.

The project is divided into the following parts. Initially has been implemented a model of the
system in a PC, performing simulations in different conditions. Aiming at the final realization
of experimental tests, the model has been adapted to the platform. Finally, experimental
tests have been performed, allowing to compare the theoretical behaviour with the real
behaviour.
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1. Glossary

C1,C2—
AC -
pC -
DEE —
DSP —
1w -
FPGA —
GREP —
IGBT —
ISA  —
NPC —
PPC —
SRAM —
FSC —

MPC —

DC Bus Capacitors

Alternative Current

Direct current

Departament d’Electronica de Poténcia.
Digital Signal Processor

Input/Output

Field-Programable Gate Array

Grup de Recerca en Electronica de Potencia
Insulated Gate Bipolar Transistor
Industry Standard Architecture

Neutral Point Clamped

PowerPC

Static Random Access Memory

Finite Control Set

Model Predictive Control
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2. Preface

2.2. Project Origin

This project is part of the research conducted by the Research Group on Power Electronics
(GREP) within the Department of Electronic Engineering (DEE) and focusing on the
application of power electronic converters and multilevel converters, especially in renewable
energies (mainly wind power and solar energy).

This project originates from the need to expand knowledge in a recent type of control that
allows to use in a better way the possibilities offered by the development of powerful and fast
microprocessors, looking specifically to improve the quality of electrical power obtained from
high power generators.
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3. Introduction

3.1. Project Objective

The main objective for this project is to apply a Predictive Control algorithm to a three-level
NPC converter, in a way to achieve a required voltage at the output of this.

3.2. Project Scope
The following points define in more detail the scope of this project:

e Creation and simulation of a model for the application of the Predictive Control
algorithm to a converter.

* Implementation of the model on a real platform.

e Compare experimental results with simulation results.
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4. System Description

4.1. Full System

The equipment that has been used to obtain the experimental results of this project
represent a part of a wind emulation platform, with a power converter of four quadrants.
This equipment has been used to develop several final projects and to experimentally test
the results of research carried out in the GREP.

In Fig. 4.1. one can see what are the elements that constitute the wind emulation platform.
Items (3) and (4) are not used in this project (their function is to generate electricity with a
synchronous generator (4), from the driving force created by the permanent magnet motor
(4), controlled by the back-to-back commercial inverter Simovert (3)).

Fig. 4.1: Laboratory Equipment

Item (1) in Fig.4.1 is the converter cabinet and item (2) is the PC control center. These two
elements are the equipment used for the realization of the experimental tests described in
this project.

The cabinet of the converter (Fig. 4.2.), contains a four-quadrant back-to-back converter,
built in previous final projects [1] and [2]. For this project, we have used only one of two
converters that form the back-to-back configuration, specifically the one at the bottom.
This was not chosen for any particular reason, either of them can operate as rectifier or
inverter.
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1- Top Inverter
2- Bottom Inverter
3- Top DC link

capacitors
4- Bottom DC link
capacitors
5- Control circuit
6- Digital
Connections
Board + FPGA
7- Analogic

Sensors Board

Fig. 4.2: Converter Cabinet

In the current configuration, the converter becomes a two quadrants inverter able to
deliver active and limited reactive power, thanks to capacitors of DC bus. Fig. 4.3 shows a
diagram specifying the relationships between different subsystems used in the project.

The system control center is the PC. With this and the right software, it is possible to
program the different subsystems involved in the control. In addition, there is a new user
interface with which it is possible to modify in real time parameters and monitor signals of
the inverter.
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4.2. Converter Cabinet

In the cabinet are housed all the specific components for the power transmission and for the
control of the inverter, in addition to protection circuits, start button and emergency stop, and
connectors to the outside.

4.21. 3 Level Converter

Each of the two inverters is composed of 12 IGBT, Semikron SKM 100 GB/GAL/RAG. To
control them 12 drivers are used, one for each IGBT, Semikron SKHI 10. The IGBTs are
mounted on heat sinks, and user can select natural or forced by fans cooling.

PC | ’ Armari del Convertidor
MAX PLUS Il S
(programacié FPGA) % < FPGA
c icaci
g | ] Al
MATLAB s
(programaci6 + processos | _ w < Placa Analogica
interns) « de Sensors
Control Desk * v
(Intericie grafica)
| | Inversor Superior
| \
é (] ] === Control A4
[ 2 Programacio
s Iz 9 ey Carrega AC
s U ) === Poténcia d'alimentacié DC

Fig. 4.3: Entire System Diagram
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4.2.1.1. Topology - Three-phase DC/AC three level converters

In Figure 4.4 you can see the model used:

p . o
s1 s3 s5
=] C
T
s22 S44 S66
+ o J J a
Vpn™"—— "¢ Y 3 9 b
C
"ks: 1 >13(33 S55
1@
T
s2 sS4 S6
Ne ¢ b4

Fig. 4.4: Three phase DC/AC three level converter

The three-level converter topology used in this project is called Neutral-Point Clamped (NPC)
and, although there are other topologies intended for very specific applications, it is the most
important for the application of the predictive control.

As shown in Figure 4.4, the three-level converter doubles the number of switches
(transistors) in every branch in respect to two-level converter. This brings the following
advantages:

- Using the same transistors and keeping the power it is possible to double the working
voltage of the DC source, meanwhile reducing the current through the converter, and
extending the useful life of the components.

- By keeping constant DC voltage, the transistors blocking voltage is reduced by a half,
thus making it possible to reduce its size.

These advantages have positive effects on energy production: they help maintaining
the existing power facilities, meanwhile reducing the costs because of the size
reduction of components used.
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For the description of the functionality of the converter, it is necessary to define the changing
fuction S,y

{1, if phase x is connected to y} (4.1)

0, on the other side

Restrictions are needed, to avoid short-circuit conditions between p and n (eq. 4.2), or the
condition of a floating phase (eq. 4.3), in which there is no a connection to one of the 3 levels
of voltage.

S,+S,+S, =<1 (4.2)

S,+S,+S,>0 (4.3)
The system consisting of the last two equations becomes:

S, +S8,+S, =1 (4.4)

Looking on (4.1), possible combinations are 3°. And by relating restrictions with possible
configurations of the system show in Fig. 4.4 we obtain:

th

I

Kk (4.5)

9%}

Sxp S i
Sw=S;"
S)Cl‘l S :

W

k kk

x€E {a,b,c}
with j € {1,3,5}
kE{2,4,6}

It is necessary note that equations are valid for equivalent phases, meaning:

x=a—j=Lk=2
x=b— j=3k=4 (4.6)
xX=c—j=5k=6
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4.2.2. Altera UP2 Board (FPGA)

The UP2 board (Fig. 4.5) is a printed circuit board incorporates two integrated circuits that
develop functions of a programmable logic device. The board is produced by Altera and is
designed for academic use.

Fig. 4.5: Altera FPGA UP2 Board

Being a programmable logic device, it can be programmed by the user to perform any kind of
desired function, restricted to a digital level, due to the fact that this board does not have
analogic inputs or A/D converters.

This board is responsible for post-processing signals received from the DSpace, which
control the activation of IGBTs by their corresponding drivers.

4.2.2.1. Hardware

The UP2 board incorporates two programmable devices, the EPM7128S of the family MAX
(PLD), and the EPF10K70 of the family FLEX10K (FPGA), commanded by a 25,125 MHz
clock signal.

Due to the fact that the functions carried out with the UP2 board do not require much
computing power, only one of two integrated circuits of the FPGA is used, specifically
EPF10K70.

The EPF10K70 is based on SRAM technology, 240-pin package and contains 70,000 logic
gates, 3744 Logic Element, LE, and 9 Embedded Array Block, EAB.

Because of the SRAM FPGA technology, this must be reprogrammed every time the board
power is interrupted.
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The programming of the devices is done via a JTAG connector that plugs into the parallel
port of the PC.

4.2.2.2. Software

The MAX PLUS Il Baseline v10.2 software was used for the design of combinational and
sequential circuits (prepared in a modular and hierarchical structures) that define the
operation functioning of the FPGA. To program the device it is possible to use different
schematic or hardware description languages, such as the VHDL.

4.2.3. Digital Connections Board

The digital connections board, designed and modified in previous projects, allows
communications between DSpace, FPGA and IGBT drivers.

The details of these connections are:

» DSpace — FPGA: signals that indicate at which level of voltage each branch needs to be
connected at that time are sent. Also control signals related to the on-off command of the
converter and the value of the blanking time are transmitted.

* FPGA — DSpace: signal error related to malfunctioning of IGBT or drivers, or an incorrect
previously data shipment.

* FPGA — IGBT Drivers: Switching Signals for all IGBT.
* IGBT Drivers — FPGA: Signal error related to malfunctioning of the driver or IGBTs.

This board is connected to two +15 V power supplies NPL65 from Artesyn Technologies, that
power on drivers. Also a +5V voltage is extracted using a voltage regulator circuit, for supply
of TTL buffers that adapt signals sent to drivers.

4.3. Control Center (PC)

A generic PC running on Pentium Il 300 MHz and Windows 98 is used. The system has not
been updated (it has over 10 years) because of dSpace interface is an ISA bus (Industry
Standard Architecture), and motherboards with this type of bus are no longer manufactured.
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4.3.1. dSpace

dSpace board (Fig. 5.8.) is a printed circuit controlled by a PowerPC (PPC), fits inside the PC

(using an ISA bus) that performs the calculation functions of the system.

4.3.1.1. Hardware

dSpace board used (DS1103) contains two DSP (Digital Signal Processor) with a
master/slave configuration. For the master function is used a 604e PowerPC, and for slave

function a Texas Instruments TMS320F240.

Fig. 4.6 shows a block diagram of the internal structure and peripherals of dSpace 1103. As
it can be seen, it has a lot of input/output and internal functions, but for this project only

Digital I/0O of Master PPC, and Interruptions I/O will be used.

PWM
1 x 3-Phase
4 x 1-Phase

| | 4 Capture

Inputs

Analog Input | <=
16 ch. 10-bit 1

] peripheral

Serial

interface

Serial
communication
interface

¢ ISA Bus ) PC
96 MB
|ng?1§ce ICommunication
PowerPC SDRAM
750GX
w TMS320F240
<‘ | | Local Bus | > 2]
1 32|. M8 2 General Interrupt Dual Port
] Ag‘(’)ﬁ“ﬁ;’" P'Il'::r?grsse Controller RAM
U A |
1 < 16- / 32-bit /O Bus >
| N
: [ | | | | |
' | | | | | |
0 ADC DAC o Serial
1 Incr. Encoder Digital VO Dual Port
' 20 1cfllabr)nels 8 channels 7 channels £V ghannels Interface M
it 16-bit RS232/RS422
1 on
: Master PPC 1/O
| A | I Y Y Yo |
V

Digital VO

18 bits

DS1103 |

Fig. 4.6: Block Diagram that describes Internal Structure of dSpace Board 1103
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4.3.1.2. Software

We can divide the software involved in the dSpace programming and real-time operations
into three groups, each of them with a specific role.

e MATLAB-Simulink: this high-level programming software allows create programs
using intuitive block diagrams (Simulink) and a simplified code. In addition, it is
possible to simulate the performance of a model based on the inverter, thus allowing
study the behaviour of this and adjust the control parameters, before the
experimental tests. There are also a lot of built-in functions (Toolboxes and
Blocksets) that simplify programming.

* Real-Time Workshop: built-in MATLAB compiler, which convert the program
implemented in Simulink to C code, compatible with DSpace. To run it, it is used the
Build function, accessible from the menu bar of Simulink.

* Control Desk: software that enables the design of interfaces for the user, using text
boxes, graphics, indicators, etc. It is used for real-time monitoring of several variables
of the control program running on the dSpace. It also allows the user to interactively
modify different control variables, without re-programming the control card.
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5. Predictive Control Description

5.1. Introduction

Current control of a three-phase converter is one of the most important and classical subjects
in power electronics and it has been extensively studied in the last decades. Nonlinear
methods, like hysteresis control and linear methods, like proportional-integral controllers
using pulse width modulation (PWM) are well documented in literature [6].

Predictive control is a control theory that was developed at the end of the 1970s. Variants of
this type of control strategy have found application in power converters. Predictive control
has been used in current control, drives, power factor correction, and active filters. All of
these applications consider linear models and use modulation techniques for voltage
generation. As classic solutions, the basic idea under these methods is to consider the
converter as a linear system instead of taking advantage of the discrete nature of the inverter
and its control processor.

Behind the simple expression “predictive control” there is a very wide variety of different
control methods, and a lot of applications have been presented under this name. Since the
inverter has only a finite number of switching elements, the number of possible switching
states is limited as well. For each of these switching states an equivalent circuit of the drive
system without switching elements can be defined. Therefore the behaviour of inverter can
be calculated separately and in advance for each of the switching states. Comparing the
results of the calculation with the desired behaviour of the system, the optimal switching state
of the inverter can be derived. A comparison between the precalculated and the real values
at the end of the switching cycle allows the correction of model errors. Than the next
switching state will be calculated using the corrected values.

One advantage of predictive control is the possibility to include nonlinearities of the system in
the predictive model, and hence calculate the behaviour of the variables for different
conduction states. This property was exploited in an earlier study reference, where predictive
control was used to minimize switching frequency for high-power inverters. Also, this
property of predictive control is used to evaluate the behaviour of the current error for each
switching state in a single-phase active filter [4].

A conceptually different approach is presented to control a matrix converter. The model of
the system is used to predict the behaviour of the load and input current for each different
switching state of the matrix converter. The switching state that minimizes a cost function is
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selected. This method demonstrates that the use of predictive control can avoid the use of
complex modulation techniques.

This project presents this method applied to a three-phase NPC inverter.

5.2. Description of Predictive Current Control

5.2.1. Operating Principle

The power converter or drive control problem can be defined as the determination of an
appropriate control action S(7) (usually the gate signals of the converter) that will drive a
generic system variable x(¢) as close as possible to a desired reference value x«(¢). Consider
the qualitative behaviour of x(7) and its regularly sampled value x(# ) with sampling period T
for a system with a finite number of control actions n, as shown in Fig.5.1, where
measurements, computations, and control actions are performed instantly (ideal case) [7].

A

tk+1 tlc+2

o~
e

Fig. 5.1: FCS-MPC operating principle. Ideal theoretical case. [7]

Since the possible control actions are finite: S, with i=1,...,n, they can be evaluated together
with the measured value x(#), based on a prediction function fr, to predict all the possible
system transitions xyi(fu1)= fr{x(t),S:}, for i=1,...,n. This prediction function is directly derived
from the discrete model and parameters of the system. To determine which of the control
actions has to be selected, a decision or cost function f; can be defined, usually dependent

on the desired reference value and the predictions g: =]‘g{X*(tk+1), xp,-(tk+1)}, for i=1,...,n. Note
that the future reference value is needed x:(#+1), which can be assumed to be equal to the
actual value x«(#), since Tsis sufficiently small compared with the dynamic behaviour of the
system, and thus, the reference can be considered constant over Ts. If needed, the future
reference value x«(tw+1), can be estimated via appropriate extrapolation methods.
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A typical example for f; would be the absolute error between the predictions and the

reference g = |x*(zk+l )-x,(t,,)|- The evaluation of the cost function with corresponding to the

n predictions will lead to n different costs. Naturally, the control action leading to the minimum

cost (min{g:}, for i=1,...,n) is selected to control the system.

Based on the example shown in Fig.5.1, the predicted value x,3(#+1) is the closest to the
reference x+(w+1); hence, S is selected and applied at ¢ = #. Following the same criterion, S2
is selected and applied at ¢ = t.1. However, the ideal theoretical case in which the variables
can be measured, predicted, and controlled instantaneously in ¢ = # is not possible in real-
time applications. Nevertheless, this problem can be overcome if a two-step-ahead prediction
is considered, as shown in Fig.5.2, in which the control action to be applied to the following
sample time S(t1) is determined. This way, a complete sampling period Ts is available to
perform the algorithm. Naturally, the sampling period 7s has to be greater than the sum of the
measurement, computation, and actuation times.

>

z 4 T

15t step

>

T, 9

_ ><
=g {1 (f1s2)
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e
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Fig. 5.2: FCS-MPC operating principle. Possible implementation case. [7]

It is worth mentioning that this control method is not limited to a single variable; on the
contrary, multiple variables, system constraints, perturbations, saturations, and, basically,
every characteristic that can be mathematically modelled and measured can be included in
the predictive model and cost function. This is the basis of the great flexibility and control
potential that can be achieved with FCS-MPC (Finite Control Set Model Predictive Control).
Moreover, the fact that power converters have a reduced and limited number of switching
states (or control set-ups) makes this method feasible to be implemented by means of
present-day available microprocessing resources. Since only a discrete model of the system
is necessary, rather than approximated linear models together with control system design
theory and modulation algorithms, simpler and more direct design and implementation of the
controller can be achieved.

In this project only the one-step prediction will be implemented, and the two-step-ahead
prediction will be left for future development.
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5.2.2. Control Strategy

The proposed predictive control strategy is based on the fact that a static power converter
can generate only a finite number of possible switching states and that models of the system
can be used to predict the behaviour of the variables for each switching state. For the
selection of the appropriate switching state to be applied, a selection criterion must be
defined. This selection criterion is expressed as a cost function that will be evaluated for the
predicted values of the variables to be controlled. Prediction of the future value of these
variables is calculated for each possible switching state. The switching state that minimizes
the cost function is selected.

This control strategy can be summarized in the following steps [4]:
* Define a quality function g;
* Build a model of the converter and its possible switching states;
* Build a model of the load for prediction.

A discrete-time model of the load is needed to predict the behaviour of the variables
evaluated by the quality function, i.e., the load currents.

A block diagram of the predictive control strategy applied to the current control for a three-
phase inverter is shown in next figure.

i#(k) = Sai_
! Minimization | s, 1~ 3
; (1) of S.t 1 $
! Predictive | i(k+ g function CAI
:.(> model . 7 2], X
iw| i
1 1 Sk !
: L eo - (.2 ............. v i(k)

Fig. 5.3: Predictive current control method.

The current control is performed according to the following steps.

1) The value of the reference current is obtained (from an outer control loop), and the load
current is measured.
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2) The model of the system (block 1) is used to predict the value of the load current in the
next sampling interval for each of the different voltage vectors.

3) The cost function evaluates the error between reference and predicted currents in the next
sampling interval. The voltage that minimizes the current error is selected and applied to the
load (block 2).

5.2.3. Model of the System

3

LK
=, LK
| e

=
0

&
¢

3

Fig. 5.4: Circuit of a three-phase NPC inverter connected to a resistive—inductive-
active load. [5]

Fig. 5.1 shows a model of the system. It includes a three-phase three-level inverter and a
resistive—inductive—active load. The reason for using this load is because it represents one of
the most common applications for this kind of converter, an induction machine. Also, with this
model, it is possible to evaluate a wide range of applications, including passive loads and
grid-connected converters. The source of the reference current will depend on the specific
application. For example, for field-oriented control of an induction machine, the reference
current is generated by speed and flux controllers.

The converter applies to the load 19 voltage vectors, which are generated from 27 switching
states, as presented in Fig. 5.2.
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Fig. 5.5: Possible voltage vectors and switching states generated by a three-level
invertir [5]

The center of an MPC algorithm is the model of the plant for which predictions are obtained.
In this case, it corresponds to the equation of a three-phase resistive—inductive—active load,
which fulfils [5]:

di(t)

L =v(t)- Ri(r)—e(r)
dt

(5.1)

where R and L are the load resistance and inductance, respectively, v is the voltage vector
generated by the inverter, e is the electromotive force (EMF) of the load, and i is the load
current vector. These vectors are defined as:

v= %(Vao +aV,,+a’V,)
i= %(ia +ai, +a’i)

=%(e +ae, +a’e)
a b c
3 (5.2,3,4)

where a =¢/%™.

Upon assuming as sampling period Ts, the derivative form di(t)/dt can be approximated by

di(t) _ i(k)-i(k-1)

55
dt T, 59
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Replacing (5.5) in (5.2) and shifting the discrete time one step forward, the relation between
the discrete-time variables can be described as.

T

i(k+1)= T£i(k)+v(k+1)—e(k+1) (5.6)

S+ N

Equation (5.6) is used to obtain predictions for the future value of the load current i(k+1),
considering all possible voltage vectors v generated by the inverter and measured current at
the kth sampling interval.

The control strategy also uses an estimation of the future reference current. Depending on
the sampling time applied and the computational constrains, the estimation can be obtained
by a second-order extrapolation given by

i(k+D)=3i"(k)-3i (k=D+i (k=2) (5.7)

or, for a sufficiently small sampling time and also to save computational efforts, it is possible

to consider i (k+1) = i (k) ; thus, no extrapolation is necessary.

The current prediction in (5.6) also requires an estimation of the future load back electro
magnetic force (EMF) e(k+1). That value, which is analogue to the future reference current
case, can be estimated using a second-order extrapolation from present and past values or
assuming e(k+1)= e(k). As mentioned, that will depend basically on the sampling time and
the platform used for implementation. In this project e(k+1)= e(k) is used.

Finally, each capacitor from the DC link satisfies the following dynamic equation:
V)=V, + i (0T, (5.9)

where iy(k) is the current through the capacitor, v¢(k) is its voltage, and C is the capacitance.
Currents through the capacitors are obtained based on the load currents and the present
switching state; thus, no additional measurements are needed. Using (5.9), it is possible to
obtain predictions for the future value of the capacitor’s voltage based on its present current
and voltage.
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5.2.4. Quality Function

The current error for the next sampling instant can be expressed in orthogonal coordinates
as follows:

e an| |
g—‘la i +‘lﬁ lﬂ‘

where i’ and i/’j are the real and imaginary part of the predicted load current vector i(k+1),
while i, and i/’; are the real and imaginary part of the reference current vector i*.

Different control criteria will be expressed by means of different quality functions. In this
project, the absolute error is used for computational simplicity.

The future value of the load current and voltages in the capacitors are predicted for the 27
switching states generated by the inverter, by means of (5.6) and (5.9). For this purpose it is
necessary to measure the present load current and voltages in the capacitors. After obtaining
the predictions, the quality function g is evaluated for each switching state. The switching
state that minimizes g is selected and applied during the next sampling period.

The used quality function has the following composition:
g = f(i (k+1),ik+D)+h(V,,(k+1)) (5.10)

The first term in (5.10) is dedicated to achieve reference tracking, quantifying the difference
between the reference current and current prediction at the next sampling time, for a given
switching state. In this project the used fis:

F G+ 1),k + 1) =|ir (k+1) =i, e+ D] +

i (k+1) =iy (k+1) (5.11)
where i, and iﬁ are the real and imaginary components of current vector i, respectively.
The objective of the second term in (5.10) is to take advantage of the state redundancy of a

three-level inverter, from the fact that the tracking cost f depends only on the voltage vector
selected. Its expression is:

h(V.,(k+1)=4,. -

Ve (k+1) =V, (k+1) (5.12)

This is a term proportional to the absolute difference between both capacitors’ voltage
predictions. So, a switching state that generates smaller differences will be preferred. 4, is

a weighing factor.
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5.2.5. Control Algorithm

Here the predictive control algorithm implemented is explained by means of a flow diagram.

= Sampling i(k), Vci(k), Vca(k)

Y

Back-emf estimation

l

Initialize geo

T

Load current prediction

A4

Capacitors voltages prediction

'

o . o .
g=|la —1a|+|zﬁ —zﬁ|+)td( |Ver = Vo

v

IF (g <{op) = (Qop-g

Jop=j }

]
< "

yes

Apply selected switching state

Fig. 5.6: Flow diagram of the implemented control algorithm
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For the explanation of how this algorithm has been implemented in Simulink and run in the
dSpace please refer to Appendix A of this project. All the diagrams with the explanation of
the function of every single block is present, helping to understand the complete functioning

of the system.
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6. Control Programming

For the implementation of the entire system it is necessary to develop the control at 3
different levels:

1. PC: performs the necessary software runs for the interaction between user and
machine, allow adjusting all the parameters of the control. Thanks to the Control
Desk it is possible to monitor all the signals and the changes in the real time
parameters of the system.

2. dSPACE: where the real control runs, in real time and in a deterministic way, due to
the independent microprocessor (PowerPC) and thanks to the software created using
Simulink, MATLAB Code and C language models.

3. FPGA: is responsible of sending control signals to the drivers of the inverter,
depending on information received from the dSpace. For the development VHDL
language is used.

6.1. dSpace Programming

The presence of the independent microprocessor in the installed board of the dSpace, allows
to reduce drastically the amount of work performed by the PC, and leaves to PowerPC the
entire execution and handling of communication with FPGA and consequently with the
drivers of the converter.

The programming of the system has been realized with Simulink v5.0, inside MATLAB v.6.5.
The use of an old version of the software is due to the fact that the hardware available in the
laboratory, i.e. the dSpace, need a ISA bus, available only in older PC, and this means the
impossibility of use of a recent version of Matlab, since that a more powerful computer would
be required.

In Fig.6.1 it is possible to see the upper structure of Simulink entire system.
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Fig. 6.1: Entire System Scheme

Main blocks of the model are now described.

6.1.1. Predictive Control Subsystem

It is the heart of the system, generates the configuration for the drivers. The inputs are the
reference currents, the values measured on the 3-phases of current, voltage and the DC link
capacitor voltages. The entire algorithm is implemented inside this block.

6.1.2. Trasmissio/Triggered Subsystem

The function C transmissié.c (DLL compiled file) selects sending data to be sent depending
on on/off signal of the converter. In the first case (powered converter) the coded switching
states of the converter are sent, and in the second (turned off converter) are sent the values
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of the Clock Period and of the Blanking Time. The value of the on_off signal (0 or 1, off or on
respectively) is always sent.

The data are written to the 32-bit parallel bus used for digital I/O. These 32 bits are grouped
into 4 bytes using predefined functions of the dSpace Blockset.

The transmission is made according to time schedule figure 6.2 and 6.3, depending on the
state of the on_off signal:

' 200 ns
Byte 1 =4 16*Enviament 0
r “

£

4
Byte 2 g Blanking Time Byte

|_
Byte 3 Sampling Time Byte
Byte 4 0

Fig. 6.2: Time Schedule of transmission - Converter Off

E H 200 ns
L s
c:
=N H
Byte 1 E 32*Engegada +16*Enviament 32*Engegada
g :
<
r [=
Byte 2 32*Scp+16*Scn+8*Sbp+4*Sbn+2*Sap+San
Byte 3 0
Byte 4 0

Fig. 6.3: Time Schedule of transmission - Converter On
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6.2. dSpace — FPGA communication

An important point in the realization of the control was the choice of how to send data to the
FPGA, since the different capacities of calculation and execution of the PowerPC and FPGA
could create problems in terms of synchronization of the system.

3 different possibilities of sending the configurations to the drivers were analysed:

* Send a configuration every time that a change in the output was recognized.

e Create an hardware clock signal in the FPGA, and send the configuration present in
the output every clock positive rising.

* Create a software clock, and send the configuration present in the output every clock
positive rising.

Every possibility has been tested. The first had problems of configuration losses, meaning
that sometimes a configuration was not sent to the drivers due to difference between
software execution and effective transmission to the converter.

The second option worked, but the problem was the precision of the clock period, due to the
delay introduced by the hardware execution in the FPGA.

So, third option was the best one, and the block named “c/k” in the Simulink model creates a
digital square signal with a period of 100us, so that data are sent always with a frequency of
10 kHz.

The signal was not create using a Digital Clk Source Block of Simulink, but like shown in next

figure:
o) : Mt D
Ts Feni £ PLul)>=pi
Integrator1 . olk
Ak -

Relational  congicion reset
Operator

Fig. 6.4: clk Simulink block that creates a digital square signal
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6.2.1. Adopted Solution

Next Figure shows all signals between dSpace and FPGA, with indication of direction of
data.

Sending -
Switch On —mmmm

6 bits States of Converter

(2 bits x 3 phases) »

(————— Blanking Time (8 bits) —p»

dSpace Clk communication Period FPGA

b (8 bits) =

j«gg—— Drivers Errors
<g— Sending Error

Fig. 6.5: Used signals for the communication between the dSpace and the FPGA
Now all the signals are described.

* Sending: Rising edge communicates to FPGA that new data is available in the data bus.
» Switch On: Logic signal that commands the switching on of the converter.

« States of Converter: The converter is formed by 12 IGBT, 4 in every branch, but the total
number of configurations available in every phase can be codified with only 2 bits. So, no
more than 6 bits are necessary for the entire system.

* Blanking Time: this is the time that the FPGA must wait before changing the state of IGBT
following the order given by the dSpace.

+ Clk Communication Period: This is the clock signal that commands the FPGA for the
change of states.

* Drivers Error: Signal that indicates the activation of an alarm in one of the 6 drivers of
IGBT (short circuit of IGBT or no supply of drivers).
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* Transmission Error: activated when errors in transmission are detected.
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7. Simulation and Experimental Results

For the correct evaluation of test results it was decided to compare the results obtained in the
laboratory with those carried out through computer simulations. It was therefore necessary to
establish criteria that can properly validate the different tests.

The system was tested in 2 different situations, the first using a resistive load, and, due to the
positive result obtained, secondly by connecting the output of the inverter directly to the grid.
To do this, it was necessary to modify the Simulink model, adding blocks that allow the
perfect interface between control current and the grid.

The considered signals are those that allow the best confirmation of the characteristics of
predictive control, and these are:

* i, ip, ic : currents on the 3 different phases a, b and c, for experimental tests
measured with sensors in the cabinet.

®*  Van, Vbn, Ven : Voltages measured directly on the load with sensors for the
experimental tests.

* la , ibeta . cUrrents obtained with transformation inside the Simulink model. For the
experimental tests they are taken from the Control Desk.

An important result is to confront values of iy, measured and reference iy, during a big
change in the value of the reference current, because this shows how the predictive control
can quickly follow the reference value.

The last real important test is to look at the behaviour of the iy, and ineta in @ step condition. A
real advantage of the predictive control with respect to other control methods like pulse width
modulation (PWM), is the perfect decoupling between the 2 different signals. It is possible to
see that a change in i,z does not have consequences on ixeta , and vice versa.
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7.1. 1% experiment: DC link Voltage — Inverter — R Load

7.1.1. Test Parameters

Fig.7.1. shows the configuration used for simulations and experimental tests. The signals
that have been measured and that are useful to verify the operation of the system, are also

indicated.
Van
p

- Vbn

+

() ) NPC INVERTER L " A —ANNM AN \—+n
o Ven
L=10mH R=160

Fig. 7.1- Configuration for test n°1

Next tables shows the values of all parameters used in the simulations and in the laboratory
experiments.

Model Parameters
DC link voltage 180V
DC link cap C1, C2 1,1 mF
R load 16 Q
RL filter 0,5Q
L filter 10 mH

Tab. 7.1- Test Electrical Constants

Values

Simulation Sampling Time 100 ps

Solver Simulink odel (Euler)

Tab. 7.2- Simulation Parameters
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7.1.2. Results

The waveforms for the relevant signals are shown.
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—ib
ic
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Fig. 7.2.: 3-phases currents i,, iy, ic - Simulation

—ic
-4
-6
-8
O ONOVOFTFTONOOFONOODOFONOOFOWNOOF 0N O
OMNMUOVWOMNMMMNOMNMMNOITITNOIFTFINAIFIFINAFO AF O AN 0 — LN O
SO0 T ATHNANMMNNIFIFIFIOMNIMOOONNNRG® D & O
oo
S I N N e N N N e N R R e N B N = N N N = N e N M N N = N e M = N N = M )

Fig. 7.3.: 3-phases currents i, iy, ic - Experimental
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Fig. 7.4: 3-phases voltages Van, Vbn, Vcn - Simulation
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Fig. 7.5: 3-phases voltages Van, Vbn, Vcn - Experimental
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o
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Fig. 7.6: Currents i,, iy, ic with a 1-to-5 A step - Simulation

Fig. 7.7: Currents i, iy, ic with a 1-to-5 A step - Experimental



Pag.

46

ialfa
ialfaref

i L i 1 i
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07

|
008

I
0.09

01

Fig
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Fig. 7.10: 3-phases currents i,, i, ic step ialfa 1 to 5 — Simulation

Fig. 7.11: 3-phases currents i,, iy, ic step ialfa 1 to 5 — Experimental
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. 7.12: ialfa-ibeta step of ialfa 1 to 5 A — Simulation
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Fig. 7.14: 3-phases currents i,, iy, ic step ibeta 1 to 5 — Simulation
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Fig. 7.15: 3-phases currents i,, i, ic step ibeta 1 to 5 — Experimental
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Fig. 7.16: ialfa-ibeta step of ibeta 1 to 5 A — Simulation
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Fig. 7.17: ialfa-ibeta step of ibeta 1 to 5 A — Experimental
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7.2. 2" experiment: DC link Voltage — Inverter — Grid

7.21. Test Parameters

Fig.7.1. shows the configuration used for simulations and experimental tests. The signals
that have been measured and that are useful to verify the operation of the system, are also
indicated.

_"L EECSEDVVY VNI YYN *O—l
. i b Vbn

2
C) o NPC INVERTER —/'V'V'V'\———/\/\/\—O——qn

gn
:
g

Fig. 7.20: Configuration for test n°2

Model Parameters
DC link voltage 180V
DC link cap C1, C2 1,1 mF
Grid Voltage 50V
RL filter 0,5Q
L filter 10 mH

Tab. 7.3- Test Electrical Constants

Values

Simulation Sampling Time 100 ps

Solver Simulink odel (Euler)

Tab. 7.4: Simulation Parameters
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7.2.2. Results

The waveforms for the relevant signals are shown.
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Fig. 7.22: 3-phases currents i, iy, ic - Experimental
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Fig. 7.23: 3-phases voltages Van, Vbn, Vcn - Simulation
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Fig. 7.24: 3-phases voltages Van, Vbn, Vcn - Experimental
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Fig. 7.25: iabc step 1 to 6 grid load - Simulation
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Fig. 7.26: iabc step 1 to 6 grid load - Experimental
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Fig. 7.28: ialfa-ialfaref step 1 to 6 A with grid load - Experimental
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7.30: 3-phases currents i,, ip, ic step ialfa 1 to 5 — Experimental
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Fig

. 7.31: ialfa-ibeta step of ialfa 1 to 5 A — Simulation

-0,0500
-0,0464
-0,0428
-0,0392
-0,0356
-0,0320
-0,0284
-0,0248
-0,0212
-0,0176
-0,0140
-0,0104
-0,0068
-0,0032
0,0004
0,0040
0,0076
0,0112
0,0148
0,0184
0,0220
0,0256
0,0292
0,0328

0,0364
0,0400
0,0436
0,0472

—jalfa

ibeta

Fig

. 7.32: ialfa-ibeta step of ialfa 1 to 5 A — Experimental




Pag. 60

Y ‘l
b ”‘m ’m
Fig. 7.33: ialfa-ibeta step of ibeta 1 to 5 A — Simulation
8
6
4 /“A(Wl f b“\n / W( i /W/
2 h ‘
AR W A BT -
A 1 LA L' (L .
9 ) | ib
—ic
-4
-6
-8
oMo uovNOMANOTANTFOINATOANLIODNOOOMNIDNS O F
OV MO UVWUMNMOOWUMNOTTUOUMNMOTLOVUMOMINOMMNMNMNOMNOITNO TS
833355585555588888855585885383353

Fig.

7.34: ialfa-ibeta step of ibeta 1 to 5 A — Experimental
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Fig. 7.35: ialfa-ibeta step of ibeta 1 to 5 A — Simulation
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Fig. 7.36: ialfa-ibeta step of ibeta 1 to 5 A — Experimental
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7.3. Comments

Tests have verified the correct functioning of the system, with contained differences between
simulations and experimental examination.

Looking at the experimental currents, is possible to see curling values, with a delta of +2 A,
while with simulation this oscillation had lower values. This difference may depend on
characteristics of hardware used, that are designed for 1kV applications! We reached at most
180 V and 6 amps. For sure we can see difference between 60 V and 180 V like in next
figure, seeing a reduction in the importance of the variation. So it is possible to conclude that
further increasing the voltage value of DC link can reduce the problem.
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8. Conclusions

In this project the application of the Predictive Control to a three-phase NPC converter has
been realized. The main conclusion, looking at the experimental results obtained, is that this
kind of control works perfectly on the laboratory inverter, achieving main objectives.

Highlights of this project are:

* Realization of Matlab Simulink diagrams for the implementation of the Predictive
Control on a three-phase NPC converter.

* Design of FPGA and dSpace programming for the application of the control to GREP
laboratory’s equipment.

* Realization of a Simulink model for making simulation of the system before than
directly testing it on the equipment.

e Realization of test of functioning of the FPGA programming, using an oscilloscope
connected to digital connection board.

* Realization of an User Interface with Control Desk, for real time changes during
experimental tests.

e Experimental tests of entire system, with acquisition of all useful data from the
laboratory equipment.

* Comparison of simulation and experimental results, obtaining satisfactory outcomes
of the tests.

* Achievement of a further test, by connecting the output of the system to the grid and
verifying proper operation of the system even in this condition.

As points to improve the system in the future we may mention:

* Realize the entire control with a reduction in the execution time. Possibly an entire C
language programming of the dSpace instead of Simulink can achieve this objective.
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Implement the entire system using recent equipment, with goal of increment the
complexity of the system and without problems in execution time.

Realize a predictive control with 2 steps prediction of the current. In this way in every
sampling period the value of the prediction of 2 future’s sampling period are always
available, with better performance of the system.

Test the system in an entire wind plant emulator. It will be necessary to develop of
the predictive control of the rectifier stage to be coupled to the system analysed in
this project.

Realization of this project gives to the student next chances:

The functioning of Matlab platform has been investigated, with improvements in the
use of this environment.

The knowledge of VHDL and FPGA functioning has improved, realizing the FPGA
programming for the connection between dSpace and converter.

Has been improved the knowledge of the dSpace system ha improved, as well as all
the programs necessary to its use, like Simulink and Control Desk.

The topology of a 3-phase NPC converter has been studied for first time, knowing
advantages of this kind of inverter in high power installations.
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11. dSpace Programming

The dSpace program was realized with Simulink graphical environment, included in Matlab
suite. Was also necessary to added C language parts, included in the Simulink model like
dedicated blocks. This has been necessary due to no compatibility between Matlab Code
and Realtime Workshop included in this dSpace version.

C code has been integrated into Simulink diagrams generating S-Function blocks, after
compiling the code in a DLL function, using the MATLAB MEX incorporated.

Names and type of I/O ports, as well as auxiliary functions necessary for code execution in
the dSpace board, were defined inside the C code, using next template:

/* /O DEFINITION*/

static void mdlInitializeSizes(SimStruct *S)

~—

ssSetNumSFcnParams(S, 0);

if (ssGetNumSFcnParams(S) != ssGetSFecnParamsCount (S)) {
return; }

/* INPUTS *//* N_Inputs = block inputs number!*/

if (!ssSetNumlInputPorts(S, X)) return;

{int T

for (i=0; i< N_Inputs; i++) {

ssSetInputPortWidth(S, i, 1); ssSetInputPortDirectFeedThrough (S, 1, 1);} }
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/* OUTPUTS */ /* N_Outputs = block outputs number!*/
if (!ssSetNumOutputPorts(S, N_Outputs)) return;

{int Tj;

for (7=0; j< N_Outputs; j++) {
ssSetOutputPortWidth(S,j,1);}

ssSetNumSampleTimes(S, 1);

ssSetOptions(S, SS_ OPTION _EXCEPTION FREE CODE|
SS OPTION USE TLC WITH ACCELERATOR |SS OPTION PLACE ASAP);}

/* SAMPLE TIME INIT*/

static void mdlInitializeSampleTimes(SimStruct *S) {

ssSetSampleTime (S, 0, INHERITED _SAMPLE_ TIME); ssSetOffsetTime (S, 0, 0.0);}
/* MAIN BLOCK START*/

static void mdlOutputs (SimStruct *S, int T tid) {

/* xxxEEx PROGRAM VARIABLES DEFINITIQN*#*%s%%% &/

/* VARIABLES POINTERS SELECTIONS uPtr i FOR EVERY INPUT*/
/* 1= input index, starting from 0 */

InputRealPtrsType uPtrs_i = ssGetlnputPortRealSignalPtrs(S, 1);

/* VARIABLES POINTERS SELECTIONS y j FOR EVERY OUTPUT */
/* j = output index, starting from 0 */

real T *y j = ssGetOutputPortRealSignal(S,j);
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/* ENDING */ static void mdlTerminate (SimStruct *S) { }
#ifdef MATLAB MEX FILE

#include "simulink.c"

telse

#include "cg_sfun.h"

#endif

Simulink Diagram

Next figure shows the entire scheme created in Simulink for experimental tests.
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Fig. 11.1: General Simulink Scheme for dSpace programming

Now, all blocks that form the entire system are described.
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11.1.Reference Generator

This block generates current, phase and angle references, used in the control for evaluate

the differences with read values.
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Fig. 11.2: Reference Generator block

amplitude | and phi are steady state values, that can be modified directly during the

execution of tests from the Control Desk platform.

angle is a sawtooth wave generator for the angle reference, created in this way for reduce

the calculation time respect to a generator block.

11.2.Current Reference abc
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Fig. 11.3: Current Reference Block
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This block create a 3-phase system of currents starting from amplitude, phase and anige
references. These currents are passed after to the Predictive Control block, for the effective
realization of the control. The equations are:

i, = amplitudel - cos(phi + angle)

i, = amplitudel - cos(phi + angle — 2?”)

i, = amplitudel - cos(phi + angle + 27”)

11.3.Medidas1

This block includes dSpace Simulink dedicated blocks, that allow to use the 1/O of the board.
The compiling directly recognized these blocks and activate the RTI lick, allowing the real
time work of the entire system.

Fig. 11.4: Medidas1 Block

Three different ADC input are used, looking on next map of connections. The values of the
offsets have been found in old projects, comparing PC read values with direct measure in the
hardware with multimeters and oscilloscopes.
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11.4. Transmissio/Triggered

Transmissio/Triggered block prepares the data and write it in the communication bus, allows
the FPGA to read it. Next fig. shows the programming of this block

Was necessary to programming the transmission with C code for access to dSpace funcions.
The execution of the C code inside the Simulink scheme is realized thank to an S-Function
block, activated with the rising edge of the Envia input. This input is connected to clk block,

what create a digital clock like described in 6.2.

Function ds1103_bit_io_write() is used for write data in the 32bit communication bus.
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Fig. 11.5: Transmissio/Triggered Block inside

Now C code of transmissio.c is reported.

#define S_FUNCTION_NAME transmissio
#define S_FUNCTION_LEVEL 2

#include "simstruc.h"
#include <math.h>
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#include <assert.h>
#include <stdlib.h>

#ifndef MATLAB_MEX_FILE
# include <ds1103.h>

# include <i01103.h>

#endif

#define pi 3.14159265
#define freq fpga 25.125

typedef struct { /* structure sefinition ssed for sending */
char T bytel, byteg, byte3, byte4; /* informations tothe FPGA */
} ByteStruct;

typedef union {
UINT32_T word_out;
ByteStruct quatre_bytes;
} sortida_master;

/* 'sortida,_master' is an union formed by word_out (uInt32) and quatre_bytes.bytel,...
byte4 (char_T =byte)

The union let that word_out and quatre_bytes share same memory space. So, writing one
overwrite the other */

/* I/O DEFINITION */

static void mdlInitializeSizes(SimStruct *S)
{
ssSetNumSFcnParams(S, 0);
if (ssGetNumSFcnParams(S) != ssGetSFecnParamsCount (8)) {
return;

}

/* 9 Inputs, (Engegada, Sxy(6 bits = 6 inputs), ST_time_us, BT_time_ns) */
if (IssSetNumlInputPorts(S, 9)) return;
{int_Ti;
for (i=0; i<9; i++) {
ssSetInputPortWidth(s, i, 1);
ssSetInputPortDirectFeedThrough (S, i, 1);
}
}

/* 9 Outputs
(Sxy(6 bits = 6 outputs), ST_int(8 bits as int), BT_int(8 bits as int), Control_int(8 bits as
int), bytel, bytek, byted, byte4) */
if (IssSetNumOutputPorts(S, 13)) return;
{int_T j;
for (=0; j<13; j++) {
ssSetOutputPortWidth(S,j,1);
}

}
ssSetNumSampleTimes(S, 1);

ssSetOptions(S, SS_OPTION_EXCEPTION_FREE_CODE |
SS_OPTION_USE_TLC_WITH_ACCELERATOR |SS_OPTION_PLACE_ASAP);
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}

/*SAMPLE TIME INIT*/

static void mdlInitializeSampleTimes(SimStruct *S)

{
ssSetSampleTime (S, O, INHERITED_SAMPLE_TIME);
ssSetOffsetTime (S, 0, 0.0);

}

/*I/O DIGITAL INIT OF DS1103 MASTER DSP */

#define MDL_START
#if defined (MDL_START)
static void mdlStart (SimStruct *8)
{
#ifndef MATLAB_MEX_FILE
/* Configuration as Input/Output of 8 bits groups that form 32 bits master bus
group O1 correspond to byte 04 */
ds1103_bit_io_init (DS1103_DIO1_IN | DS1103_DIO2_OUT | DS1103_DIO3_OUT |
DS1103_DI04_OUT);
#endif

}
#endif

/* MAIN FUNCTION */

static void mdlOutputs (SimStruct *S, int_T tid)
{

/* VARIABLES */
sortida_master bits_32;/* 32 bits word that go to FPGA */

real T SamplingTime_us, BlankingTime_ns, ST_real,
int_T j, Control_int, ST_int, BT_int;

real_T On_Off;

real_T San, Sap, Sbn, Sbp, Scn, Scp;

InputRealPtrsType uPtrsO = ssGetInputPortRealSignalPtrs(S, O);
InputRealPtrsType uPtrsl = ssGetInputPortRealSignalPtrs(S, 1);
InputRealPtrsType uPtrs? = ssGetInputPortRealSignalPtrs(S, );
InputRealPtrsType uPtrs3 = ssGetInputPortRealSignalPtrs(S, 3);
InputRealPtrsType uPtrs4 = ssGetInputPortRealSignalPtrs(s, 4);
InputRealPtrsType uPtrs5 = ssGetInputPortRealSignalPtrs(S, 5);
InputRealPtrsType uPtrs6 = ssGetInputPortRealSignalPtrs(S, 6);
InputRealPtrsType uPtrs? = ssGetInputPortRealSignalPtrs(S, 7);
InputRealPtrsType uPtrs8 = ssGetInputPortRealSignalPtrs(S, 8);

real T *yO = ssGetOutputPortRealSignal($S,0);
real T *yl = ssGetOutputPortRealSignal(S,1);
real T *y& = ssGetOutputPortRealSignal(S,2);
real T *y3 = ssGetOutputPortRealSignal(S,3);
real T *y4 = ssGetOutputPortRealSignal(S,4);
real T *yb = ssGetOutputPortRealSignal(S,5);
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real T *y6 = ssGetOutputPortRealSignal(S,6);
real T *y7 = ssGetOutputPortRealSignal(S,7);
real T *y8 = ssGetOutputPortRealSignal(S,8);
real T *y9 = ssGetOutputPortRealSignal(S,9);
real T *ylO = ssGetOutputPortRealSignal(S,10);
real T *yll = ssGetOutputPortRealSignal(S,11);
real T *ylR2 = ssGetOutputPortRealSignal(s,12);

/* INPUTS */

San = *uPtrsO[0];

Sap = *uPtrs1[0];

Sbn = *uPtrs2[0];

Sbp = *uPtrs3[0];

Scn = *uPtrs4[0];

Scp = *uPtrs5[0];

On_Off = *uPtrs6[0];
SamplingTime_us = *uPtrs7[0];
BlankingTime_ns = *uPtrs8[0];

if (On_Off == 1.0) {

Control_int = (int_T) (64+16);

bits_32.quatre_bytes.bytel = (char_T) Control_int;

bits_32.quatre_bytes.byte? = (char_T) (32*Scp+16*Scn+8*Sbp+4 * Sbn+2 * Sap+San);
bits_32.quatre_bytes.byte3 = (char_T) O;

//bits_382.quatre_bytes.byte4 = (char_T) O;

#ifndef MATLAB_MEX_FILE
ds1103_bit_io_write(bits_32.word_out); /* Synchronous Transmission of 32 bits word
.word_out -->ulnt32 type*/
#endif

for (j=05;j<8000;j++){ /* Wait 10 us */
}

Control_int = (int_T) (64); // On_Off = 1, Enviament = 0.
bits_32.quatre_bytes.bytel = (char_T) Control_int;

#ifndef MATLAB_MEX_FILE
ds1103_bit_io_write(bits_32.word_out);
#endif

}

else {

Control_int = (int_T) (16);

ST_real = ((freq_fpga* SamplingTime_us/256.0)-1.0);

ST_int = (int_T) floor((freq_fpga* SamplingTime_us/256.0)-1.0 + 0.5); // ST_int =
freq fpga*SamplingTime_us/256 - 1

BT_int = (int_T)((BlankingTime_ns*freq fpga/1000.0));

bits_32.quatre_bytes.bytel = (char_T) Control_int;

bits_32.quatre_bytes.byte? = (char_T) BT_int;
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bits_32.quatre_bytes.byted = (char_T) ST_int;
//bits_382.quatre_bytes.byte4 = (char_T) O;

#ifndef MATLAB_MEX_FILE
ds1103_bit_io_write(bits_32.word_out);
#endif

for (j=0;j<8000;j++){ /* Bspera 10 us */
}

Control_int = (int_T) (0); // On_Off = O, Enviament = 0.
bits_32.quatre_bytes.bytel = (char_T) Control_int;

#ifndef MATLAB_MEX_FILE

ds1103_bit_io_write(bits_32.word_out); /* Enviem l'ordre per abaixar la senyal
d'enviament */
#endif

}

yO[O] = San;

y1[0] = Sap;

y&[0] = Sbn;

y3[0] = Sbp;

y4[0] = Scn;

y3[0] = Scp;

y6[0] = ST_int;

y7[0] = BT_int;

y8[0] = Control_int;

y9[0] = (uchar_T) bits_32.quatre_bytes.bytel;
y10[0] = (uchar_T) bits_32.quatre_bytes.byte’d;
y11[0] = (uchar_T) bits_32.quatre_bytes.byte3;
y12[0] = (uchar_T) bits_32.quatre_bytes.byte4;

static void mdlTerminate (SimStruct *S) /* Ending */
{
}

#ifdef MATLAB_MEX_FILE
#include "simulink.c"

#else

#include "cg_sfun.h"

#endif
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11.5.Predictive Control

This block is the heart of the control. Receive as input values of reference and measured

currents, and measured values of 3-phase load voltages and DC link capacitors voltages.
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Fig. 11.6: Predictive Control Block

The main function of the block, is to read all the input data, calculate the optimum quality
function for everyone of the 27 switching state, evaluate the best one and send the

corresponding output configuration to the trasmissio/triggered block, ready for sending to the

drivers of the IGBT.
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Now the system is described looking separately every block.

11.5.1. gpp block

Next figure show the inside scheme of gpp block.

[

refunige ot

’J 5

H
#

:
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[

Vel

VoRagevacane. Pt

Fig. 11.7: gpp block
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This really big image shows how many different blocks there is inside the gpp subsystem.
The goal is to solve next equation with the result of calculate the best quality function for
every voltage vector:

g = |in e+ D) =i, (k+ 1)+

ip(k+ 1) =iy (k+ D]+ A,

V. (k+1)=V,,(k+1)|
with i €{1,...,27}.

But go ahead with order can help to understand well every pass.

First of all, Voltage Vector block creates all the 19 possible voltage vectors generated by a
three-level inverter. This means take the value of V,,=V,-V, like input, and multiply it for
corresponding values, obtaining 19 complex

numbers.

Yy v v ¥

Yy v ¥

v

/*VOLTAGE VECTORS*/
vOpp.Re=0;
vOpp.Im=0;
v1pp.Re= VDCPP/3;
v1pp.Im=0;
v2pp.Re= VDCPP/3*0.5;
vpp.Im=VDCPP/3*0.886;
v3pp.Re= VDCPP/3*(-0.58);
v3pp.Im=VDCPP/3*0.886;
v4pp.Re= VDCPP/3*(-1);
v4pp.Im= 0;
v5pp.Re= VDCPP/3*(-0.58);
v5pp.Im= VDCPP/3*(-0.886);
v6pp.Re= VDCPP/3*0.5;
v6pp.Im= VDCPP/3*(-0.886);
v7pp.Re=2*VDCPP/3*(1);
v7pp.Im=0;
v8pp.Re= VDCPP/sqrt(3) *0.866;
v8pp.Im= VDCPP/sqrt(3)*0.5;
v9pp.Re=2*VDCPP/3*(0.5);
v9pp.Im=2*VDCPP/3*0.886;
= v10pp.Re=0;
where VDCPP= vabc1. v10pp Im= VDCPP/sqri(3):
v11lpp.Re= 2*VDCPP/3*(-0.5);
v1lpp.Im=2*VDCPP/3*0.886;
v12pp.Re= VDCPP/sqrt(3) *(-0.866);
v12pp.Im= VDCPP/sqrt(3)*0.5;
v13pp.Re=2*VDCPP/3*(-1);
v13pp.Im=0;
v14pp.Re= VDCPP/sqrt(3)*(-0.866);

A 4
IXXX XXX LTT YT T TN

Y * vy v v v

Yy v v v

F L T T T S T TR T S £ 14

*yY v v v
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Once that these 19 voltage vectors are created, next goal is to calculate current prediction for
every switching state, function realized from Subsystem block, that has like inputs the 19
voltage vector and alfa-beta transformation of measure currents and voltages. These reading
values are passed like sampling values ekpp and ikpp, complex values for voltages and
currents measured directly in the converter’'s IGBTSs.

Equation realized is:

L T
ikl = op ik - Spp ek + PP v (i)
ppi pp pp pp
Rpp -T +Lpp Rpp -T +Lpp Rpp ‘T +L

spp spp spp pp

where Ly, and R, are the values of the inductance and resistor of the LR filter, Ty, is the
sampling period and vpp(i) is the voltage vector corresponding to switching state i.

Block Vc11pp-Vc22pp realizes next equation, fundamental for the quality function.

abs(Vcllpp -Ve2lpp)

I .
Vellpp=V, +(C—)'zapp ‘T,

Lpp

with
Ve2lpp =V, + (CL) a1 gy

2pp

V, and V, are measured values of respectively upper and lower capacitor voltages of DC-
link, C1pp= C2pp=1100uF is the value of both capacitors, Ty, is the sampling time and i¢1p, and
ic2pp @re capacitors current related to every switching state prediction current.

We made the prediction for every phase current starting from ik1,,; evaluated in previous
block Subsystem, and calculating next system:
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lapp,i
lbpp,i

lbpp,i

Now, for every possible switching state, we calculate the DC-link currents, depending on
which voltage vector is related to that switching state. Next table show this relation and DC-

s = Re{ikl,, 1

link currents calculation.

AL,
=-0.5- Re{lklpp,i} + 7 "Im {lklpp,i};

=-0.5-Re{ikl,,, } - % ‘Im{ik1,,.}:

Switching
State Voltage Vector | iOpp ippp inpp
[(1-1-1] VO 0 0 0
[000] VO 0 0 0
[111] VO 0 0 0
[100] V1 icpp+ibpp iapp 0
[0-1-1] V1 iapp 0 ibpp+icpp
[110] V2 icpp iapp+ibpp 0
[00-1] V2 iapp+ibpp 0 icpp
[010] V3 iapp+icpp ibpp 0
[-10-1] V3 ibpp 0 iapp+icpp
[011] V4 iapp ibpp+icpp 0
[-100] Va ibpp+icpp 0 iapp
[001] V5 iapp+ibpp icpp 0
[-1-10] V5 icpp 0 iapp+ibpp
[101] V6 ibpp iapp+icpp 0
[0-10] V6 iapp+icpp 0 ibpp
[1-1-1] V7 0 iapp ibpp+icpp
[10-1] V8 ibpp iapp icpp
[11-1] V9 0 iapp+ibpp icpp
[01-1] V10 iapp ibpp icpp
[(11-1] V11 0 ibpp iapp+icpp
[-110] V12 icpp ibpp iapp
[(111] V13 0 ibpp+icpp iapp
[-101] V14 ibpp icpp iapp
[(1-11] V15 0 icpp iapp+ibpp
[0-11] V16 iapp icpp ibpp
[1-11] V17 0 iapp+icpp ibpp
[1-10] V18 icpp iapp ibpp
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Tab. 11.1: Swiching state DC-link currents

Finally, ic1pp= -ippp and icpp= inpp.

Now only one block lacks, the reference extrapolation block iref.

abc alfa-beta Nt Outt
iabe*(k) irefkkm1pp_out

8 ) Plinz  out2

irefkm2pp

( 7 > Pin3 Out3
irekmipp irekkm2pp_out

iref

Fig. 11.8: iref block

This block creates the reference current irefk1pp needed in the calculation on the quality
function g.

irefk1pp is a second order extrapolation on the value of the reference current generated in
current reference abc block, using the equation:

irefkl pp = 3-irefkpp — 3-irefkml pp + irefkm2 pp

where irefkpp is the alfa-beta transformation of the the reference current in the sampling
istant (k), irefkm1pp is the reference current in instant (k-7) and irefkm2pp in instant (k-2).
Obviously, irefk1pp is referred to future instant (k+7).

After every calculation step of irefkipp, the values of irefkmipp and irefkm2pp are
reassigned in this way.

irefkm?2 pp = irefkml pp
irefkml pp = irefkpp

Next figure shows how this has been realized.
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1
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- ()
Product @‘—P + Ooutz
3 In2 Add27
Constant X
Product1
In3
1
> -
z Out3

Fig. 11.9: Reference Current Extrapolation

We are now ready for evaluating the 27 quality function, corresponding to equation (a.1), and
this is realized from blocks Subsytem1, Vc11pp-Vc22pp and final stage of add, abs and
multiplexers. The result are the 27 quality functions evaluate for every switching state.

11.5.2. S-Function Predictive Block

This block only takes all 27 calculated quality functions, and evaluate which one is the
smallest, so the best quality function, and pass to next block the corresponding switching
state.

predictive

S-Function

Fig. 11.10: predictive block

C code is now shown.
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#define S_FUNCTION_NAME predictive
#define S_FUNCTION_LEVEL 2

#include "simstruc.h"
#include <math.h>
#include <assert.h>
#include <stdlib.h>

/* I/O DEFINITION */

static void mdlInitializeSizes(SimStruct *S)
{
ssSetNumSFcnParams(S, 0);
if (ssGetNumSFcnParams(S) != ssGetSFecnParamsCount (8)) {
return;

}

/*5+8 INPUTS (irefkpp, ikpp, Veclcpp, VeRepp, ekpp, constantes, irefkm1pp,
irefkm2pp) */
if (1ssSetNumInputPorts(S,27))
return;

{
int_Ti;
for (i=0; i<=26; i++)
{
ssSetInputPortWidth(s, i, 1);
ssSetInputPortDirectFeedThrough (S, i, 1);

}

/* 3+1 OUTPUTS (xpp, irefkm1pp, irefkm&pp, prueba) */

if (1ssSetNumOutputPorts(S, 2))
return;

{
ssSetOutputPortWidth(s,0,3);

/*pruebas*/
ssSetOutputPortWidth(S,1,1);
}

ssSetNumSampleTimes(S, 1);
ssSetOptions(S, SS_OPTION_EXCEPTION_FREE_CODE |
SS_OPTION_USE_TLC_WITH_ACCELERATOR |SS_OPTION_PLACE_ASAP);

}

/* SAMPLING TIME INIT*/
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static void mdlInitializeSampleTimes(SimStruct *S)

{
ssSetSampleTime (S, O, INHERITED_SAMPLE_TIME);
ssSetOffsetTime (S, 0, 0.0);

}

/*MAIN FUNCTION */
static void mdlOutputs (SimStruct *S, int_T tid)

{

int_T xoppp, j;
/*real _T goppp, 8ppl, 8ppR, Epp3, EpP4, P8, EPP6, EPP7, P8, EPP9, Epp10;
real T gppll, gpplR, gppl3, gppl4, gppls, gppl6, gppl7, gppl8, gppl9, EppR0;
real T gppll, SppRR, EpPR3, EppR4, EPPRS, EPPL6, EPpRa7; */
real T gpp[R7];

real_T goppp;

int_T estadospp[R7][3]=

{
{07 ) 0}7{ l’ 17 '1}7{1’ 17 l}’{lv O’ O},{O, -l’ '1}7{1’ l’ 0}9{
{07 0}7{ l’ 07 - }7{07 ]-7 l}’{'lv O’ O},{O, 07 1}’{'1’ '17 O} {

{ 9 71}7{ 707l}v{'l"]w1}7{07'17l}’{lv'lvl}’{lv'l’o}
B

/* Data adquisition */

InputRealPtrsType uPtrsO = ssGetInputPortRealSignalPtrs(S, O);
InputRealPtrsType uPtrsl = ssGetInputPortRealSignalPtrs(S, 1);
InputRealPtrsType uPtrs? = ssGetInputPortRealSignalPtrs(S, );
InputRealPtrsType uPtrs3d = ssGetInputPortRealSignalPtrs(S, 3);
InputRealPtrsType uPtrs4 = ssGetInputPortRealSignalPtrs(S, 4);
InputRealPtrsType uPtrsb = ssGetInputPortRealSignalPtrs(S, 5);
InputRealPtrsType uPtrs6 = ssGetInputPortRealSignalPtrs(S, 6);
InputRealPtrsType uPtrs? = ssGetInputPortRealSignalPtrs(S, 7);
InputRealPtrsType uPtrs8 = ssGetInputPortRealSignalPtrs(S, 8);
InputRealPtrsType uPtrs9 = ssGetInputPortRealSignalPtrs(S, 9);
InputRealPtrsType uPtrs10 = ssGetInputPortRealSignalPtrs(S, 10);
InputRealPtrsType uPtrsll = ssGetInputPortRealSignalPtrs(S, 11);
InputRealPtrsType uPtrsl2 = ssGetInputPortRealSignalPtrs(S, 1);
InputRealPtrsType uPtrsl3 = ssGetInputPortRealSignalPtrs(S, 13);
InputRealPtrsType uPtrsl4 = ssGetInputPortRealSignalPtrs(S, 14);
InputRealPtrsType uPtrsl5 = ssGetInputPortRealSignalPtrs(S, 15);
InputRealPtrsType uPtrsl6 = ssGetInputPortRealSignalPtrs(S, 16);
InputRealPtrsType uPtrsl? = ssGetInputPortRealSignalPtrs(S, 17);
InputRealPtrsType uPtrsl8 = ssGetInputPortRealSignalPtrs(S, 18);
InputRealPtrsType uPtrsl9 = ssGetInputPortRealSignalPtrs(S, 19);
InputRealPtrsType uPtrs20 = ssGetInputPortRealSignalPtrs(S, 20);
InputRealPtrsType uPtrs21 = ssGetInputPortRealSignalPtrs(S, 21);
InputRealPtrsType uPtrs22 = ssGetInputPortRealSignalPtrs(S, 2R);
InputRealPtrsType uPtrs23 = ssGetInputPortRealSignalPtrs(S, 23);
InputRealPtrsType uPtrs24 = ssGetInputPortRealSignalPtrs(S, 24);
InputRealPtrsType uPtrs25 = ssGetInputPortRealSignalPtrs(S, 25);
InputRealPtrsType uPtrs26 = ssGetInputPortRealSignalPtrs(S, 26);

07 07 '1}7
,{1,0,1},
{O 70}7{1 17 1}7{1’07'1}7{1717'1}’{07 l"l}’{'lvl"l}’{'lvl’o}y
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/* output selection */
real T *yO = ssGetOutputPortRealSignal(S,0);
real T *yl = ssGetOutputPortRealSignal(S,1);

gpp[0]= *uPtrsO[0];
gpp[l]= *uPtrsl[O];
gpp[R]= *uPtrs2[0];
gpp[3]= *uPtrs3[0];
gpp[4]= *uPtrs4[0];
gpp[B]= *uPtrs5[0];
gpp[6]= *uPtrs6[0];
gpp[7]= *uPtrs7[0];
gpp[8]= *uPtrs8[0];
gpp[9]= *uPtrs9[0];
gpp[10]= *uPtrslO[0O];
gpp[ll]= *uPtrsll[O];
gpp[lR]= *uPtrsll[O];
gpp[1l3]= *uPtrsl3[0];
gpp[l4]= *uPtrsl4[O];
gpp[158]= *uPtrsl5[0];
gpp[l6]= *uPtrsl6[0];
gpp[1l7]= *uPtrsl7[O];
gpp[18]= *uPtrsl8[0];
gpp[19]= *uPtrsl9[0];
gpp[20]= *uPtrs0[0];
gpp[R1]= *uPtrs1[0];
gpp[RR]= *uPtrsl[0];
gpp[R3]= *uPtrs3[0];
gpp[R4]= *uPtrsl4[0];
gpp[R5]= *uPtrs5[0];
gpp[R6]= *uPtrs6[0];

goppp=1000;

for (j=0; j<=R6; j++)
{
if (8pp[jl<g€oppp)
{
XOPPP=j;
goppp=8prp[jl;
}

}
yO[O]=estadospp[xoppp][O];
yO[1]=estadospp[xoppp][1];
yO[R]=estadospp[xoppp][R];
y1[O]=goppDp;

}

static void mdlTerminate (SimStruct *S)

{
}

#ifdef MATLAB_MEX_FILE
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#include "simulink.c"
#else
#include "cg_sfun.h"

#endif

All input quality functions are read, and the for cycle select the best one, saving a value only
if is lower than the last.

Every input is related to a different switching state saved in the array estadospp, and in case
of selection is passed to the output like a 3 dimension vector. Is also available a second
output that pass the value of the best quality function, for an eventually analysis.

11.5.3. Sx to Sxp & Sxn Block

sao —(1)

Sap

san —(2)

San

sop

Sbp

son (4 )

Sbn

seo —»(5 )

Sc Scp

Scn‘—"®

Sx to Sxp & Sxn Sen

Sa

Sb

Fig. 11.11: Sx to Sxp & Sxn block

This block, thanks to 1-to-3 demultiplexer, take the switching state codification, and
transforms it to the 6 values that after the trasmissio/triggered block receives and elaborates.
Next figure shows how this block has been realized.
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ETaSD)

Sap

Sa
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San :

San

Switch1

Sb -
Switch2

o |6

Sbn [:

Switch3

T’@

Scj
Switch4 P

Sc

il |a

Scn ’ C

= Scn

Switch5

Fig. 11.12: Sx to Sxp & Sxn block inside

The functioning is really simple, and next true table shows it, where i € {a,b,c}.

Si Sip Sin
1 1 0
0 0 0
-1 0 1

Tab. 11.2: True Table for block Sx to Sxp&Sxn
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11.6. Control on/off + Errors

The function of this block is manage the commands of switch on and switch off of the
converter, depending on the Control Desk user interface and on dSpace interruptions.

The state of the button On/Off present in the Control Desk, is multiply for Function-Call Delay
block outputs. These output have an initial value of 1 and change to 0 (switching off the
converter) if one Error Interrupt is activated. The Transmission Error is not used in this
project.

Is necessary to reprogram the dSpace by the Control Desk interface if the converter has
been switched off by interrupt activation.

e )
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v :
g Rpeidtn e >
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"t ><1 ! e >
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Fig. 11.13: Control in/off + errors block
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11.7.PLL for network connection

o

Fig. 11.14: PLL for network synchronization

This block generate the angle in all experimental tests with network connection. Allow to a
perfect synchronization between the converter and the three-phase generator that simulate
the connection with the network.
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12. FPGA Programming

The objective of this appendix is to explain how the control of the inverter has been realized
by using the FPGA of UP2 Board from Altera. This is the responsible of final sending to IGBT
drivers of control signals received from dSpace elaboration, using Digital Communication
Board.

For the programming, Maxplus |l Baseline v.10.2 has been used, with students free license.
Scope of the FPGA programming are:

* Insertion of the Blanking Time value rebut from the dSpace, useful to avoid short-
circuit in the IGBTs during level transitions.

e Generation of a clock signal responsible of the updating of converter state when
necessary.

* Decoding of switching states received from the dSpace.

12.1.Specifications
Specifications that FPGA programming must comply are:
* Possibility of changing the Blanking Time Value.

* Realize of all possible switching state in the correct order and using the Blanking
Time value.

* Connect IGBTs drivers errors to dSpace interrupts.

12.2.Design

Design has been realized with Maxplus |l software. Now all block will be described, starting
from a complete view of the system shows in next Figure.
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12.2.1. Delay Lectura Block

This block add a delay between the activation of output Lectura and an Enviament rising
egde. Waiting time is of 32 cycles of Clk_in, 25.125 MHz internal clock of FPGA (32/25.125
Mhz = 1.27 ps).

This delay create a reasonable time for signals stabilization of data bus before the reading
process, and also help to “clean” the Enviament signal.

delav_ _lectura_bloch:

—1Enviament Lectura——

— elk_in

86

Fig. 12.2: Delay Lectura block

INPUT

Control signal. Indicates presence of new data in the digital I/O
Enviament bus.

Clk_In Internal Clock of the FPGA

Tab. 12.1: Input signals

OUTPUT

Lectura Control signal. Indicates that next block can read data.

Tab. 12.2: Output signals

This block is realized using various default blocks of Maxplus, like comparators and counters,
and next figure shows the realization.
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12.2.2. Sep_var_dq Block

This block function is multiplex data received from the dSpace through outputs ST and BT.
Engegada signal selects the output channel, and on rising edge of Lectura signal, data are
copied to outputs.

—— ENGEGADA :
_: LECTURA F
—BIT_O :
—BIT_1 BTL7. . O] {e—m
—BIT_2 STL7. . O fe—
—BIT_3 :
—BIT_4a
——BIT_S5 :
—BIT_ 6 sAL—
— BIT_7 saz2———
N BIT_S spif———
—BIT_O spa2l——
——BIT_10 scif——
——BIT_11 scaf——
—BIT_ 212 ERROR_TRAMAI—
—BXT_13
——BIT_14
——BIT_15

a

Fig. 12.4: Sep_var_dq block

INPUT

Sent from dSpace. State con converter signal. Multiplex
Engegada bit_0...bit_15 data to Sxy if is on or to ST and BT if is off.

Control Sinal. Activate copy of input data to output, depending on
Lectura Engegada signal.

bit_0...bit_15 |Bytes 2 and 3 of I/0 digital bus.(32bits, 4 bytes)

Tab. 12.3: Input Signals

OUTPUT
ST[7...0] Frequency of Clk_in selector
BT[7...0] Multiply factor of Clk_in cycles used for Blanking Time

Sal,Sa2,Sb1, |Indicate connections between phases a,b,c with p,n levels.
Sb2,5c1,Sc2 Connection to 0 level is decode in Completa_estat block

Alarm signal. Is activated when Sx1=1 and Sx2=1 are detected in
Error_trama |one phase, on input bits 5...0

Tab. 12.4: Output signals
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Next true table can resume the functioning of the block.

Eng. | Lec. ST BT Sxy
0 X old ST old BT 1*
0 1 bit 8...15 bit 0...7 1%
1 X old ST old BT old Sxy
1 1 old ST old BT bit 0...5

Tab. 12.5: True table for Sep_var_dq block. (* output =1 because Completa_estats can
undestand that converter os switched off)

ON OFF
bit 0 San BT[1]
bit_1 Sap BT([2]
bit_2 Sbn BT[3]
bit_3 Sbp BT[4]
bit 4 Scn BT[5]
bit_5 Scp BT([6]
bit_6 - BT[7]
bit_7 - BT[8]
bit_8 - ST[1]
bit_9 - ST[2]
bit_10 - ST[3]
bit_11 - ST[4]
bit_12 - ST[5]
bit_13 - ST[6]
bit_14 - ST[7]
bit_15 - ST[8]

Tab. 12.6: Data Bus content (bytes 2 and 3) when converter is ON and OFF

Error_trama is an output signal activated when configuration Sx1=1 and Sx2=1 is present in
the same moment than the converter is working. This create an error signal sent to a dSpace
interrupt, forcing the converter switching off. Next table resume Error_tramavalue depending
on input signals values.
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Eng. | Lec. Sx1Sx2 |Error_trama

X
11
not (1 1)

Rk~ |lo|lo
— = X |—= | X
=]
o|lr|2|olol]l
m
_|

Tab. 12.7: Error_trama true table

Next figure shows realization of this block.
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Fig. 12.5: Sep_var_dq block inside

12.2.3. Completa_Estats Block

This block function is decoding phase state bits arriving from dSpace (two every phase) into
four signals that indicate the state of 4 transistor of every branch.
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: COMPLETA_ESTATS:
——{sA1_IN :

——SA2_IN SAL3..0]]
——SB1L_IN SBL[3..0]

——sSB2_IN SCL[3..0]

——sc1_IN

——sca2_1IN

Fig. 12.6: Completa_estats block

INPUT

Sal_in, Sa2_in,
Sb1_in, Sb2_in, |indicate the value of every input to p or n level. these input
Scl_in, Sc2_in |describe to which level is connected every phase.

Tab. 12.8: Input Signals

OUTPUT
Sa[3...0],
Sb[3...0], 4 bits signals that describe the state of connection of every
ca[3...0] transistor of every branch.

Tab. 12.9: Output signals

Next table shows how the decoding is realized, and after fig. B.7. shows the internal design
of the block.

Sx1_in Sx2_in Sx3 | Sx2 | Sx1 | SxO |Phase connection
0 0 0 1 1 0 )
0 1 1 1 0 0 p
1 0 0 0 1 1 n
1 1 0 0 0 0 Everything open

Tab. 12.10: Decoding table
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Fig. 12.7: Completa_estats block inside

12.2.4. Automat_trans_3f_onoff block

This block is an automata that realized the transition between states, including the Blanking
Time, for every IGBT.

SAL_OoUT
SA2_0UT
SA3_0UuUT
CLK_IN SA4A_OUT)|
CLK_ST SB1_OUT|

SB2_0UT|

BTL7. .01 SB3_O0UT]|
SAL3. .01 SBA_O0UT]|
SBL3. .01 SC1_ouT]|
sCcL3. .01 sca2_ouT]|

SC3_ouT]|
sca_ouT]|
se

Fig. 12.8: Automat_trans Block
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The automata, programmed in VHDL, is formed by 3 different processes that shared 2
signals. The elements of these 2 groups are:

1. Signals:
- e_actual: converter current state € {P, O, N, T1, T2, BTe, Apagat}
- e_objectiu: goal state € {P, O, N, Apagat}

2. Processes:

- Cami Transicions: automata where, depending on signal e_objectiu, the value
of e_actual is changed in every falling edge of Clk_IN. In this way correct
transitions are realized, including the Blanking Time.

- Seleccié Estat Objectiu: process that actualize, in every falling edge of Clk_ST,
the value of e_objectiu depending on inputs (Sa[3..0], Sb[3..0], Sc[3..0]).

Now the VHDL is shown.

LIBRARY ieee;

-- Import all the declarations in a package
USE ieee.std_logic_1164.all;

--USE ieee.std_logic_unsigned.ALL;

--USE ieee.std_logic_arith.all,

-- ENTITY

ENTITY automat_trans_1f OnOffis

PORT
(
Sx : IN STD_LOGIC_VECTOR(3 downto 0);
clk_IN : IN STD_LOGIC;
clk_ST : IN STD_LOGIC;
BT : IN INTEGER RANGE 255 downto O;
S1_out, S2_out, S3_out, S4_out : OUT STD_LOGIC
);

END automat_trans_1f OnOff;

ARCHITECTURE funcional of automat_trans_1f OnOffis

TYPE estats IS (Apagat,P,0,N,T1,T2,BTs);
SIGNAL e_objectiu : estats := Apagat;
SIGNAL e_actual : estats := Apagat;
SIGNAL e_obj_anterior : estats := Apagat;
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BEGIN

sel_e_objectiu : PROCESS (clk_ST)
BEGIN

IF falling edge(clk_ST) THEN
e_obj_anterior <= e_objectiu;

CASE Sx IS
WHEN "1100" => e_objectiu <= N;
WHEN "0110" => e_objectiu <= O;
WHEN "0011" => e_objectiu <= P;
WHEN "0000" => e_objectiu <= Apagat;
WHEN OTHERS => e_objectiu <= e_obj_anterior;
END CASE;
END IF;

END PROCESS sel_e_objectiu;

camins_transicions : PROCESS (clk_IN)

VARIABLE Sx_out : STD_LOGIC_VECTOR(3 downto 0);
VARIABLE PN_flagl : INTEGER;

VARIABLE PN_flaga : INTEGER;

VARIABLE bt_count : INTEGER RANGE 255 downto O;
VARIABLE bt_count_state : STD_LOGIC :='0"

BEGIN

IF (falling_edge(clk_IN)) THEN
IF e_objectiu = Apagat THEN
Sx_out :="0000"

CASE e_objectiu IS
WHEN O|P =>e_actual <=T1;

WHEN N =>e_actual <=TZ;
WHEN OTHERS =>e_actual <= Apagait;
END CASE;

ELSE
CASE e_actual IS
WHEN Apagat =>

Sx_out :="0000"
CASE e_objectiu IS

WHEN O|P => e_actual <=T1,
WHEN N => e_actual <=Tg;
WHEN OTHERS => e_actual <= Apagat;
END CASE;

WHEN P =>

Sx_out:="1100"

CASE e_objectiu IS

WHEN O => e_actual <=T1;
WHEN N => PN_flagl :=1;
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PN_flagd := 1;
e_actual <=T1;

WHEN OTHERS => e_actual <= P;
END CASE;

WHEN T1 =>
Sx_out :="0100"
e_actual <= BTs;

WHEN O =>
Sx_out:="0110"
IF (PN_flag? = 1) THEN
e_actual <= BTs;

ELSE
CASE e_objectiu IS
WHEN P => e_actual <=T1;
WHEN N => e_actual <= Tg;
WHEN OTHERS => e_actual <= 0;
END CASE;

END IF;

WHEN TR =>

Sx_out :="0010"
e_actual <= BTs;

WHEN N =>
Sx_out:="0011"
CASE e_objectiu IS

WHEN P => PN_flagl :=1;
PN_flagd := 1;
e_actual <=Tg;

WHEN O => e_actual <=Tg;
WHEN OTHERS => e_actual <= N;
END CASE;

WHEN BTs =>

IF (bt_count < BT) THEN
bt_count :=bt_count + 1;
ELSE
bt_count :=0;

IF (PN_flagl = 1) THEN
e_actual <=0;
PN_flagl :=0O;

ELSIF (PN_flag? = 1) THEN

IF (e_objectiu = P) THEN e_actual <=T1,;
ELSIF (e_objectiu = N) THEN e_actual <=Tg;
END IF;

PN_flagg :=0;

ELSIF (e_objectiu = P) THEN
e_actual <= P;
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ELSIF (e_objectiu = 0) THEN
e_actual <=0;

ELSIF (e_objectiu = N) THEN
e_actual <=N;
END IF;
END IF;
END CASE;
END IF;
END IF;
S1_out <= Sx_out(3); --S1
S2_out <= Sx_out(R); -- SR2
S3_out <= Sx_out(l); --S11
S4_out <= Sx_out(0); -- S&
END PROCESS camins_transicions;

END funcional;

To explain how it works some graphics can help.
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12.3.Cami Transicions Process

P

R

N= el
PN_flag1=1

PN_fIagZ=1

O

bt_count
=0

if PN_flag2=1
&&
N

to P
bt_count<BT
———
N
O
Switch
off
(Apagat) o
PN_flag1=1
PN_flag2=1
agat

Fig. 12.9: Cami Transicions process
The circles represent states of the variable e _actual, and bits of Sx_out.

Transactions occur when the conditions indicated on the arrows are respected. The
conditions may depend only by the variable e_objectiu (yellow background), the variable
e_objectiu and the activation of the flags PN_flag7 and PN_flag2 (green background), or, in
the case of the state BTs, the state of the variable bt_count.
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12.4. Seleccié Estat Objectiu Process

T
()
o
=

<

A
u
n

k_ST)

(1100) &
Il. edge(c

Sx
on fa

Fig. 12.10: Seleccio Estat Objectiu Process

This process sets the value of the signal e_obj based on the input Sx[3 .. 0]. As shown in the
diagram, refreshment of e_obj occurs each falling edge of Clk_ST.

Every e_obj updated with a different state respect to previous, process Cami Transicions
begin the path to the goal state (e_obj), on the falling edge of Clk_IN immediately after.
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12.5.Signals assignation to FPGA

FPGA Name | FPGA Pin Signal “b'?tystf;z,, dssiz::f
Inputs
Engegada | 129 Engegada | byte 4.6 (64) 1030
Enviament | 131 Enviament | byte 4.4 (16) 1028
bit_ 0 | 138 San - BT[0] 1016
bit_1 | 149 Sap - BT[1] 1017
bit_ 2 | 137 Sbn - BT[2] 1018
bit_3 | 151 Sbp - BT[3] 1019
bit.4 | 136 Son-BT@4] | o3 1020
bit_ 5 | 152 Scp - BT[5] 1021
bit_6 | 134 BT[6] 1022
bit_7 | 153 BT[7] 1023
bit_8 | 143 ST[O] 108
bit 9 (119 ST[1] 109
bit_10 | 142 ST[2] 1010
bit_11| 118 ST[3] 1011
bit_12 | 141 STH4] byte 2 1012
bit_13 | 117 ST[5] 1013
bit_14 | 139 ST6] 1014
bit_15| 116 ST[7] 1015
erroral | 229 errorai -
errora2 | 101 errora2 -
errora3d | 84 errora3 -
errora4 | 86 errora4 -
errorb1 | 87 errorb1 -
errorb2 | 88 errorb2 -
errorb3 | 94 errorb3 -
errorb4 | 95 errorb4 -
errorci | 97 errorci -
errorc2 | 98 errorc2 -
errorc3 | 99 errorc3 -
errorc4 | 100 errorc4 -

Tab. 12.11: Input Pin Assignment
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FPGA Name | FPGA Pin Signal “b?tyst_e:;” dssiz::f
Outputs Outputs
clk_ ST out| 148 clk_ST byte 1.0 100
Sa1 | 64 Sat -
Sa2 | 67 Sa2 -
Sa3 | 65 Sa3 -
Sa4 | 66 Sa4 -
Sb1 | 56 Sb1 -
Sb2 | 62 Sb2 -
Sb3 | 61 Sb3 -
Sb4 | 63 Sb4 -
Sc1 | 51 Sc1 -
Sc2 | 55 Sc2 -
Sc3 | 53 Sc3 -
Sc4 | 54 Sc4 -
error_trans | 161 error_trans INT2
clk_ST int | 162 clk_ST INT3
error_drivers | 163 error_drivers INT4

Tab. 12.12: Output Pin Assignment

12.6.FPGA test

Now the functioning of the FPGA programming is show. For obtaining the result, an
oscilloscope has been connected directly to the corresponding outputs of the FPGA, 4 pins
that connect the FPGA to IGBT drivers. These 4 signals are connected to a ... oscilloscope
with digital state function, that allow to see the transitions of the IGBTs.

Also the enviament signal is connected to the oscilloscope, because this signal has been
used like trigger signal. When the oscilloscope in “single condition” running read a change of
level in the enviament signal, makes a read of all 4 signals.

The control of the system has been realized with a special Simulink program and a Control
Desk user interface dedicated. Al possible transition are tested.

Next Simulink diagram, Control Desk interface and all the results are shown.
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Transmissio / Triggered

Fig. 12.11: Test Salida Simulink diagram. Signal Sax, Sbx, Scx and envia are
connected to related button in the Control Desk interface.
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In next fig channel 1 (on the top) in Envia signal, and on he bottom we have from P to N 4
IGBT driver’s signals of one branch, respectively of S1, S22, S11 and S2 of fig. 4.4 of the
memory of this project.
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Fig. 12.12: P to N transition with Blanking Time= 1 us
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Fig. 12.13: N to P transition with Blanking time =1 us
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13. Control Desk

For real time monitoring of the converter functioning and have the possibility of changing
parameters, a Control Desk user interface has been created. Next figure shows the aspect of
this realization. Elements that form a part of the system are directly linked to Simulink
constants executed in the dSpace like discussed in appendix B.

o

Fig. 13.1: ControlDesk User interface
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14. Simulink Simulation Model

Different Simulink models have been created for the realization of simulations of the system.
These were necessary for test the functioning before than run the program directly in the real
converter, to avoid the malfunctioning and possible damaging of the laboratory instruments.

The goal was to obtain similar values to measured in the inverter, allow to a later analysis of
anomalies in experimental tests.

14.1.Model

Next figure shows Simulink diagram of simulation’s model.

San

\ 4
§
4

wn
v Sen Son
NPC + L +RL+ grid
Predctive
Control

Fig. 14.1: Simulation Model

Predictive Control block is the same than the experimental diagram, with the only difference
of a Sample Time Simulink block in every input and every output. These are necessary to
synchronize the reading and elaboration of all the signals, that now are sampled every 100

us.

The block that realizes the analysis of measured values in the inverter is no longer present,
due to the realization of the load model, NPC+L+RL+grid block.
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Fig. 14.2: NPC+L+RL+grid block

The internal of this block is shown in next figure.
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Fig. 14.3: NPC+L+RL+grid block inside for R load simulation

This model simulate the condition of the system connected to a R Load of 16 Q in every
phase. This is realized from blocks present in next image.
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—» vabc_red
To Workspace

pll ]

g_iabc2
» [nops]
vabc_goto1

Gain2 vsabc

Fig. 14.4: R load simulation block

This system takes values of i, , iy , ic and multiply these for a gain of 16, obtaining the 2
voltages of every branch.

Also model of the R+RL filter and DC link are present, with values like described in cap.7 of
the memory of this project.

Next figure shows model for the simulation with network load.

v

b3
T 3 8 &
]

From
3phaze

(o )— o=

Fram1 Actve & Roacive Power

From2

=
Instamancous

g jabet Fram3 Acsve & Reacsve Power1

Fig. 14.5: NPC+L+RL+grid block inside for network load simulation

And next figure shows the system used for the network load.
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Modelo filtr

vabc_goto

vabe : ‘ »(3)
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Fig. 14.6: Network Load model

Red block create a 3-phase currents system directly connected to the vsabc output. Values
of amplitude and phase are described in cap. 7 of the memory of this project.
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15. Economic Study

This Appendix shows a summary of the economic expenses related to this project.
Depending on the nature and tasks performed, these costs can be classified into the
following concepts:

* Human resources
* Equipment cushioning
* Various expenses
Material costs are not considered, since for this project were not made specific purchases.

Next sections described the contents of every category.

15.1.Human resources

Under the concept of human resources, the work done by the team of people who has had a
role in this project is considered. This team is composed of a group of senior engineers and a
junior engineer, performing the following tasks:

e Senior engineers: formed by project managers, are responsible for the project
management, recommending appropriate lines of work.

e Junior Engineer: person who develops the project, responsible for technical and
administrative tasks.

The cost related to human resources is shown in next table.

CONCEPT Necessary Hours | Hour Cost Total Cost
Senior Engineer 300 hours 60 euros/h 18000 euros
Junior Engineer 1280 hours 20 euros/h | 25600 euros

Tab. 15.1: Human Resources Cost
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15.2. Equipment Cushioning

In this section we have considered the costs of depreciation of equipment and software
necessary to carry out the project. The repayment model is linear and is based on hours of
use of each component.

Maintenance
CONCEPT Price Life cost Cushioning (€/h)| Hours HW Cost

3-level converter 13.200€ |13,200h 8% 1,08 180 194,40 €
UP2 Altera Board 180 € 5,000 h 8% 0,04 350 14,00 €
dSpace 1103 10.210€ (10,000 h 8% 1,1 350 385,00 €
Tektronix MSO3000
series oscilloscope 10.500€ |10,000 h 8% 1,13 120 135,60 €
PC Pentium Il 400 € 15,000 h 8% 0,03 450 13,50 €
Notebook HP Pavilion
DV5000 1.200€ |[15,000 h 8% 0,09 900 81,00 €
Resistive load IER-
E23612 636 € 5,000 h 8% 0,14 180 25,20 €
Inductive Filter 190 € 3,000 h 8% 0,07 180 12,60 €
Supply DC HP 6030A
1000 W 4.050€ (10,000 h 8% 0,44 180 79,20 €
Supply AC/DC California
Instruments 5001iX,
5000 VA 16.090 € |10,000 h 8% 1,74 90 156,60 €

TOTAL 1.097,10 €

Tab. 15.2: Hardware Cushioning

Maintenance
CONCEPT Price Life cost Cushioning (€/h)| Hours HW Cost

Windows 98 300 € 15,000 h 8% 0,02 € 450 9,72 €
Windows XP i Microsoft
Office 300 € 15,000 h 8% 0,02 € 900 19,44 €
MATLAB + Simulink 450 € 15,000 h 8% 0,03 € 1350 43,74 €
Maxplus Il Baseline 10.2 0€ 15,000 h 8% 0€ 450 0,00 €
dSpace Control Desk 0€ 15,000 h 8% 0€ 180 0,00 €

TOTAL 72,90 €

Tab. 15.3: Software Cushioning
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15.3.Various Expenses

An added cost of 19% (rate apply by UPC to his projects) in considered on the sum of total
costs, like electricity and water wastes during project’s realization period.

So, total cost for various expense srise up to 8506,3 €.

15.4.Total Cost of the Project

The sum of all costs give us the total cost of this project.

CONCEPT COST
Human Resources € 43.600,00
Equipment Cushioning €1.170,00
Various Expenses € 8.506,30
TOTAL €53.276,30

Tab. 15.4: Total cost of the Project
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16. Environmental Study

Environmental impact of this project is practically zero, because is composed from theoretical
studies and a laboratory tests without any kind of emission.

We can consider like environmental impact the fact that the equipment used have a lifetime,
and in the end of this life need to be recycled.

Is also possible to evaluate CO2 emissions due to the use of energy for the supply of all the
equipment during tests. The way of energy creation can modify the amount of CO2
generated, so renewable energy creates less waste than a fossil station.

For sure the material in this project can help the environment, because of the suitability in
wind power generation plants, which generate electricity by a renewable way, reducing the
level of environmental pollution.
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17. Equipment Data Sheets

This Appendix shows data sheets of components used in this project.

17.1.Artesyn Technology NPL 65 Supply Board
17.2.dSpace 1103 Board

17.3.Altera EPF10K70 FPGA

17.4.Semikron SKM100 IGBT

17.5.Semikron SKHI 10 Drivers
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17.1.Artesyn Technology NPL 65 Supply Board
NLP65 Series  ARTESYN'

Single, dual and triple output

LOW 10 MEDIUNM POWER AC/DC POWER SUPPLIES |

85-75W AC/CC Universal Ingut Switch Mode Power Sugplies

+ 5.0 x 3.0 inch card and 1.26 inch package (1U applications)
+ Smallest industry standard package

+ EN61000-3-2 compliance option (HCC)

« Overvoltage and short circuit protection

« 65W with free air convection cooling

« EN55022, EN55011 conducted emissions level B

+ EN61000-4-2,-3,-4, -5, -6 immunity compliant

» Enclosure and cover kit options

Tha NLPGS geries i a 65W unnvarsal input AG/DC power supply on a 5 x 3 inch card with a
maximum componant height of 1.26 inches for usa in 1U applications. Each model has the option
of inpLt hanmanic current comrection in the same package sze making the sedes ideal for product
designs that wil need 10 comply with ENE10J0-3-2 lagiiation. Tha NLPES provides 65W of
ouLLpLL power with frae ar convection cooling which can be boostad to 75W with 20CFM of air.
Tha NLPGS, with ful ntarnational safety appeoval and the CE mark, maets conducted emissions
ENS5022 level 8 and has immunity compl@ance to ENE10J0-4-2.-3.-4, -5, -5. The sares is
available in a factory instaled enclosue with an IEC commecter and output connector on flying
leads plus & cover kit for salf-instalation is dso avalable &s an accessory. The NLPES series is
designad for usa in low power data networking, computar and telecom appications such as hubs,
reutars, POS tarmings, intemet sarvers, caole modems and PABXe. Thig list i not exclusve as
the generic feature sat of the NLPES seres with incustry standard output configurations prosides
& soltion for mest low power appications inclucing many ndustrial appiications.

€ wo

2 YEAR WARRANTY

EMC CHARACTERISTICS (continued) {1112

All specifications are typical at nominal input, full load at 25°C unless otherwise stated

Total regulaticn Main output 12.0% Sune ENG1000-4-5, leval 3 Fart, crtana 1
(Lne ard load) Auxibary cutputs 15.0% Fast transarts ENGI000-4-2, laval 3 Fat, cntana 1
Fadated immuniy ENG1000-4-3, eval 3 Fart, catana 2
Risa time AL turmn-on 1,08, max., [ Conauctad Immunity ENG1000-4-6, loval 3 Part, crtana 2
Trarsient rasponsa Main output 5,0% or 260mV GENERAL SPECIFICATIONS
25% stop max. dev, 1ms max
a1 0,145 recovery to 1% Hald-up tima 1200VAC, 60H2 18ms @ BLW
= - s [ 23INAC, H0HZ T8ms @ BLEW
paratura coetficl !
e $0.02%C | Emciency 120VAC, 65W 72% typical
. 236 =109
Quervaiage peotection  Main outputs 125%, 210% Is0ktion voltage Irputioutput FI0OVAC
Short circuit p »  Cyclic op N Continuous [ Irputichassis 1500VAT
Mirimum cutput curant Single ard multipla (Sap Nota ) Switching trequency Fixed 100KkHz, +5kHz
Approvals and ENGDASD, VDEIBIS
INPUT SPECIFICATIONS standards IEGBSD, UL1950, £CCHIs0
Input voitaga range Uriversal nput, B4 to Z64VAD [Sea Notes 9, 13) CSA G22.2 No. 950
(Sea Note 2 Vieight 2839 (10 0z)
e 75 120 10 3
i ;l,f}';‘ 310 SINOC T e MIL-HOBK-217F 150,003 nours mir
Input frequency range 47Hz to 63Hz [ GENERAL SPECIFICATIONS
Input surge current 120vA0 17A max Inermal perfarmanca Oparating ambant, Q'Cro +70°0C
w&‘u sra?ll Z3VAG A2A max [Sea Notes 1, 3, 10 1Sea doratng cuna)
Non-operating -40°C to +85°C
Safety ground 120VAC, 804z 0.7mA 50°G to 70°C arbient, Oarata to
leakage currant Z230VAC, 502 1.4mA carvecton cooled 50% load
Input curant 120VAG, Wik FFC 1054 rms 0°C 10 53°C, ambaart, B
Z30VAC, war PFC D514 rms corvaction cooled
120VAG, wirout PFC 1408 rms 0°C to 50°C ambient, W
Z3OVAC, wirout 2FC DH0A rms 20C=M forcod alr (Sea Note 10)
. PN
Inpat fuse ULAEC127 250VAC S 3,154 | Poak (0°C to +50°C. 60s) __See table
Relative humidity Non-condensing 59 to $5% RH
EMC CHARACTERISTICS (1112 Albtude Oparating 13,000 font max
gmd.acmd amizzions E:é%g Egg part 15 Leval Jg\ Non-ogerating 33,000 faat max
adiated emissions 55082, part 15 Laovel Vi N z 10 500Hz 2.
ES0 ar ENZ1000'4-2, lovel 3 Por. crtaria 1 R b I e L
ESO contact ENG1000-4-2, lovel £ Par. criteria 1 Shack par MIL-STO-B10= 5162 Pan v
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NLP65 Series  ARTESYN'

Single, dua!l and triple output
LOW TO MEDIUM POWER AC/DC POWER SUPPLIES | 85-75W AC/DC Universal Input Switch Made Power Supplies
For the most current data and application support visit www.artesyn.com/powergroup/products.htm

OUTPUT CURRENT ——— TOTAL NON-HARMONIC GROUND
MAX 1 PEAK @ FAN %% REGULATION ™  CORRECTED PIN 112,19
+6Y (1) AN G4 08 S0\ +2.0% NL285-7606 NLPE5-G606  NLPE5-XE086G
D 33A 304 | 150mV £5.0% [
-2y 0654 Q814 J.aa 120mv £5.0%
+5V (L) [ 754 GIA 8.04a S0mV +2.0% NLP§5-7610 l NLPE5-G610  NLPE5-X510G
+15V (g 228 2948 28 150mV +50%
-15v | 06sA 0854 | 08A  150mV +5.0% [
5V (1) 70A g4 .08 S0V 12.0% NL265-7620 NLRE5-8620 NLP§5-X6206G
+24Vig | 20A 264 204 240mV £5.0% |
+aV (1) 708 G118 08 S0\ 12.0% NL285-7625 NLPE5-G628 NLPE5-XG29G
a0 | 25A 33A 304 | 150mV £5.0% [
<5V 1004 1304 1204 S0V +2.0% NLP§5-7605 NLPE5-G605  NLPE5-XE06G
a2V 5aA 7.0A 654 120mV +2.0% NLPg5-7612 | NLPE5-9612  NLPES-X612G
+15V 448 L7A 53A 150mv 12.0% NL285-7615 NLRE5G615  NLPE5-X61456G
+24v [ 20A 354 35A 240mvV +2.0% NLP§5-7624 ] NLPE5-6624  NLPE5-X§24G
Notes
1 Natural sormstion coolrg Models NUPBS-XE29. NOPES-XE08 N PES- 9 Ths produet is only ke incdusion by professioral rslalues wittin ctbar
WEAC st nol exosed 62,5 Walts contirgous sulpol powee with ntursl ecqaprant and must 0ol be cperales as 8 starc ko prodes!
comghion Made NUPES-XE20 rot 10 wxceed B85 Walls sartrgous autpol 10 Muninamn cort nuses cutput pewer far al mullipm colpet modeds st rot
porwee willt natursl corsection, Mogel NUPES-TES st rot seceed 33 eceizoect 75 Wantls wih 2005 M faroed wr oooling

lirooess sulpet paoss: 11 Condocted s sadated arnsoes losting wees peclarmed using the
Ingul watage is luess e QAT the cperating tlempentsm stargand ENSHOZ sut-up with o stars ks NUPES unt phiced an g

rarge i 0VC 13 +40°C The ripple sod segudation specAcst ces mig rol be grounded muts plale with o ine ok on the AS rpot aed ground witks
wul G0, e wites am losped thoggh an EMEsugpmssion tomid)
D Peak sulpet cumeet asteg less s &0 spoosds wih duty cycle bss than For systern oormprisrcy it & usslly neosssary 16 imstal an oii-the-shef
5%, Curing pese lopdeg, output vollage miry exosesd ot mgubation birits AC inkst withs s integral ioe Sles i the syster chisss or %0 rstyl g ing
4 Figure s pesc-lo-pese ‘o sormamshion poaes rating, Cutput nase chwokn on e Pens witks s cdoee as possie 1o AC wnlry point of the
agsLmments ane crace ac0oss 8 20MH: Barowah g & 6 inch taisted systerr chisssis. Phagss contas! the spplcatioes group at Arsesyn for
pasie. seenealed with g *0pF ewciolytic capscitor ang @ 01F ceeang sutarcy with EAM complarce
cHpwaEloe 12 Tow NOPBS unts with the subx ‘G’ is e grousd pin are ground hoke
5 Thw crtbogoeal maes. randarn vbalion 13 megtes for eash sees, 2 46 aghion L2, LB and I 0 am incloded, 2 is & saluty agensy appean:d
e SHe 13 SO0 groundierg pr, LB is o growed choke srd LP10 5 o parper. This option is
6 A mirimurn lad on the rain Sulpul is reguing for propee start ug For rlenged for pss i socemalalic chasss applostions whem groursing o
mulliply culpets aod singhe <5V sulpel, the minmom losd on the +5Vis 70! possithks va the mounting scrws, The ground shae is provded o
028 For srghs austpuls graster than +5V the misram basd 5 314 T ssunt syster EMC complanos. When perkarming corductes emissoes
rartsn stted seguiation thee festing on steed sone unts, the 'S0 optoe is regamnd 1o et el B To
for singm cutped il ardtir seeply sckd e s o Gl e the standeed mocsl normbee, vy NLPES-
1z 024 TEEG, NUPES-8G Ths aption s maiathe for Gotk the PEC and nan-
for mutiphs output units PFC wwrsons
C25 < WAV S5 far A =024 13 Al modeds sequm g mistmum mounting stanc-gll of € 2§ inches (6 35mm)
I Foraptimu swiskilty, ro el of e Featsnk shookd sceed 120C srdd e and use produs!
e s G 1 m shad exomes T30C 14 Trwgn starcand modeds sre avslsbin with an wociosune To asder an
0 CAUTION: Algw o minmum of * secocd e diconaecting ine power srcknnd weesion, s mocel Srbeerg oplces Seow,
whee rakng thanral measucamets 15 Mo PFC wrsoe, ENSI10CC-3-2 is w0t applcats to ths mode
Inter Satety Standard Approvals MOGO‘ Numbering Options
The wectosre veeson Pclodees: IEC connector, cedo™ switch, wing heness
@ VOECELSAENSISSCAECRD Fibe No. 10407 -33535-1006 culpet corrastar and fites cover, To ordee plagss add the su¥x °E' to the
Licanse No, 95578 wred of the ookl nubee, wg, RLPES-XE0OE. See MUPES wrciosnm for
calais
B“I ULTA50 Fle No, E136005 2 A Safuly sarth ground pin sod ground chaws am gviable s an aplion
Ti i 3 e 5Mx ‘G o the e the =1 rumber, &
@  ©s4C222 No 850 Fin e LNG10RC uuxww;xéo;'gu G SHESEn—

To cecee o srap-un Gowr (Lefitled], sroer T et number NUPSSC
@ Chtires Corgudsory Cartficst or 60850 4 To oedee 3 maumtieg bracknl [unleted), acder the part numee NLPESMA
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NLP65 Series ARTESYN'
Single, dua! and triple output

[ LOW 10 MEDIUM POWER AC/DC POWER SUPPLIES | 65-75W AC/DC Universal Input Switch Made Power Supplies

’ For the most current data and application support visit www.artesyn.com/powergroup/oroducts.htm

Mochancal Notes

A Al gimeesioes e instes )

- a0 -
2.0
4550 |a— 0226
199557 BHE
(€] ==
)
o
o
o
o
o 2850
a0 Oz || marmy
76N
K-
B (o
1O o
MAXMUM COMPONENT
Nounteg HEIGHT 129 (3200
Hore Dlameter TOLERANCE xax x Q005°
0166 12 00y xx & 00

INPUT OUTPUT PIN CONNECTIONS
PIN CONNECTIONS J3  SINGLE -XX05 ONLY SINGLE DUAL TRIPLE
H Pir 1 A) Na Carnaction VB VIS
Bin 1 AT Lira Pin 2 V(A _ VA v VA
Pin 2 No Pin Fir 3 V(A VA v Ay VA
Pin 3 AC Neutral Pin 4 Aeturn | Retum . Retum | Heturn
J2 (ON 'G* SUFFIX ONLY) Pir & Hoturn Hetun Ratum Hoturr
Pin 1 Safaty Ground Pin6 | Aeturn No Connection NC | Ve
Input and cutput connectors  Mating connectors
DERATING CURVE
AC [J1) connecior bype AC [J1) mating connector type
Mekex 26-50-403D type. Mckex 05503031 ar ecubalert wih Maex Ouput Powor (Walts)
38-5C-2105 o7 equraent cAmp terminas. TEW, :
20 CFM FORCED AIR COOLING
DC (J3) connector type DC (J3) mating connector type oW
Mehex 26-50- 4050 type. Mehex 05-50-306 1 with Mclex 2475 phasphor
brocze cimp termnak of equivalont
Note: The rpct ard oundat connectors ane the same as thase used o0 NRE40, CONVECTION e
NFNED, NALAC, NANZD and NL=40. COOLING N

0C 10C 20C 30C «'C S0C &C 70C

Caez Seet © Anesy= Toohiolog oo 2003
e iTdosnyson ana epac ! 0 I thin 8D £T00 3% D kned 10 B Govoect i 570 of puticaton Hoaar e
071 DR OTINE O POCLOG 85 SIecHIGRInTE 0 tub 81 10 ChNG & ARNO T ramce D g TIS UATEN 3Ty DI38"E OO0

0k DRYS DCCAHS 1 MENTE e Ty 08 TONINIURNCIG 2rEkg
170 53 8 0 iy UCh PROSUCTR] OF ITIN TRON SO0ERINAT TeIen,

www.arfesyn.com
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17.2.dSpace 1103 Board

326

PPC Contro lar Boz'd

€ ngle-Boarz Hardware /C5° 103

DS1103 PPC Controller Board

Powerful controller board for rapid control prototyping

Highlights

B Single-board system with real-time processor and
comprehensive VO

B CAN interface and serial interfaces ideally suited to
automotive applications

B High /O speed and accuracy

® PLL-driven UART for accurate baud rate selection

Application Areas

The controller bozrd is designed to meet the rec. rements
of modern rana contrel prototyn ~g ana is highly suitable
for applications such as

Autometive contrellers

Induction motar centrel

Robotics

Fesitioning systems and stepper motors
Active vibraticn control

An integrated Infineon CAN m crocontrol er makes tha
board ar attractive teo for automaotive and automation
applications

Comprehensive Interfaces

The unparallelea number of 1O inte~aces mages tre D57 °C3
a versat a controller noard for momerous apo ications. It
prowcas a great select on of interfaces, including 5C ot-40
channels, 36 A/D chamnes, a~d 8 B/A channals. For ad-
ditiona YO tasks, a DSF controller unit built arcund Texas
Instruments’ TM32CF24C DSP is used as a subsystem.

2010

Key Benefits

The DS1103 is an all-rouncer '~ rapid centrol prototyn ng.
You can ma.nt the tboard in @ dSPACE Expansion Box or
CSPACE AutoBox to tast your contro functonsin 2 labo-
ratery o directly in the vehicle. Its process ~g power and
tast Y0 are vtal for zoo cations that involve numeraus ac-
t.ators and sersors. Jsad witn Real-Time ~terfaca (RT)
(p. 156}, the contreller board is fully pragrammazie from tra
Simulink™ biock diagram environmen: ¥ou can configure all
/O graphically by using RT'. This 5 2 quick and easy way to
mplement your contrel functions on the beard.

Recording and Output of 11O Values

The centrol of alectrcal drives naquires accurata racording
and output of X0 va .es. It is poss ole to sy~chronize the
A0 channals and ¥A channels, and the nostion of the
ncremensa encoeder nterface, with an nternal PWM signal
or an external trgger signal. Aso, theseriz ~erface (JART)
s drivan by a phase-locked oop to acnieve absolutey
accurzte paud rate salecton.
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Technical Details

Sing 2-Bzarz Faroware /DS1103 PPC Contraller Board

e

Processoe PowerPC Type
CPU dock
Cache

Times 2 general-purpase timess

Ingut voltage rang2
Overwitage protection
Comersion sme

Offset emrcr
Gain emcr
Offset crift
Gain crift
Signal-to-noke tatio
VA corwerter Charnels
Resohaon
Output range
Sattlirg time
Offset emor
Gain emer
Offset drift
Gain coft

» PPC 706X

LRI

= 32 KB level 1 {L1) Instruction cache

® 32 KB level 1 {L1) data cxche

= 1MB level 2{12)

= 133 MKz

® Reads acteal sempesature at the PRC

» 32 MB applicaticn SORAM 2 progeam memory, cached

» 56 MB commenication SDRAM for data storage and cata exchange with hest

® One 32-bit cown counter

= Rekad by software

® 15-ns reschticn

® One 32-bit up counter with compare segister

= S2kad by software

® 30-ns reschtion

® 32-bit down courter

= Fekad by software

® 30-ns reschticn

» 64.bit up counter

= 30-ns reschaon

* 3 timer inferrupts.

» 7 incremental encoder index ine interrupts

= 1 UART {universal asynchronous receiver and sanseitter] irtemupt

» 1 CAN intesrupt

= 1slave 052 Imemupt

® 2 slave D52 PWM interrupts

= 1 host interrupt

® 4 exderral infersupts (user interrepts)

= 16 multiplexed channels equipped with 4 sample & hold AD converters
(4 channels bekong %0 one A/D converter, 4 corsecutive samplings are necessary 10 sample
all channels telonging % one AD converter)

® 4 paraliel channels each equipped with one sample & Fold AD converter

® Note: 8AD comverter channels (4 sultiplexed and 4 pasalidd) can be sampled simultanecusdy.

= 16bit

=20V

=215V

= Muttiplexad charnels: 1 ps”

® Paraliel channels: 800 rs®

waSmV

» =0.25%

» 40 VK

® 50 ppm/K

= >8303

= 8 channels

= 16-bit

=210V

= Sps{14-0n)

=i mV

» 20.5%

» 30 VK

= 25 ppvK.

U Speed ang Wming SEeCicarinns descobe the cagalihnes of 1he famaare ComBments and CVCLs oF Gu Beeoudrs
DECENGNG 00 the SOftasie CamMGesty. the JHAVGiE Greral Performante MGLes (30 Cewane sancantly fom the havalwave 2C10

SoEtiIanans
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S ngle-Boarz Hard

ware (C5° 103 PPC Contro ler Boz-d

o I

VA corwerter

Dighal 1O

Dighal incremensal
encoder Imerface

CAN Interface

Serlal interface

Slave DSP

Physical
charactenstics

2010

Signal-to-noke atio

Type
Clock rate
Memary

U0 chanrels

Input voitage range

Output current

Physical size
Asbient femperature
Ceoling

Power supply

= >83a3

»:SmA

= 10 nf

= 32.bit paralel VD

» Orgarized in four 8-bit groups

= Each 8-bit group can b2 set 1o Input or output (programeable by software)

= 6 Independert charnels

® Single-ended (TTL) or differential (RS422) ingut (software programenable for each chanrel)
® 24-kit resclution

= Max, 165 MKz Ingut frequercy, Le. Jouricld puke count up to 6.6 M-z
» Counter seset or reload via software

»SVISA

= Shared with anakeg incremental encoder interface
= 1 channel

» Sinuscidal signals: 1 Vpp dilerertial or 11 pAop diflerential (software programmable)
» < 5° resoluticn

= 32.5it kadable positicn counter

= Max, 0.6 MHz Input frequency, Le., fourfold pulse count op to 2.4 MHz
» 6-5it resoluticn

» 10 MSS

®SVALSA

= Shared with digital Incemental encoder interface
= 1 channel tased on SAB B0C 164 miraccntrolier
® IS0 DIS 118%@-2 CAN high-speed standard

® Max. 1 Mbitls

= TL6C550C single UAST with AIFO

® PLLcriven UART for accurate boud rate sclection
» AS232/35422 compatibility

= Up 10 115.2 kBd {RS232)

» Upto 1 MBd {RS422)

® Texas Instruments TMSI20F240 052

» 20 MKz

= S4Kx16 extemal code memory

® 22Kx16 external data memery

= 4Kx16 dual-port memory for communication

= 32 KB flash memory

= 16 AD converter inputs.

» 10 PAM outputs

= 4 capiure nputs

» 2 serial ports.

= TTL Inputioutpes level

® AD comverter inputs: 0 ... 5V

» M =13 mA

» Plug & Play support

= Faguires a full-se 16-08 1S4 skt

340 x125x45 mm {134 x49x1.77in)
®0...50CR2...12%)

® Pasive codling

45V a5% 44

412V 25%,0.754

=12V 25%, 0354
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Sing2-Boarz Faroware /DS1103 PPC Conercller Board

Order Information

—

051103 PPC Controller 3card w 051903
Relevant Software and Hardware
o
Induded = 051103 ReakTime Ubsary -
= Bxperiment and Matiorm Manager for hardware management -
Required » Read-Time Interface (1) (p. 156 wan
» Mcrotes € Compiler for PowerPC (p. 185) » CCPPPC
Opticnal = Real-Time Interface CAN Blockset {p. 166) = ATNCAN_BS
= Real-Time Imerface CAN MultiMessage Slockset (p. 168) = ANCANMM_BS
® CortrolDesk Standard ~ Developer Versicn {p. 185) s (S D
= CortrolDesk $1andard ~ Operator Version (p, 186) u (S 0
 MUMTRACE (. 234) » MUB/MTRACE
w LB p. 233) = Cs
® MctionDesk (p. 220} ® MctionDesk
Opticnal = Cornector "anel (p. 336) = CP1103
» CornectorLED Combi Pand (p. 338) » CLP1103
= Set of adapter cablles for 051103 = AD®_CABT103
Block Diagram

2010

bon

oduc

on Aelds

Appl

Controd Design

chitecture

Rapid Prototypng ystem &

oding

J Austox

HIL Test

U Calkbeation

EC

neereg

Erx
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€ ngle-Boarz Hargware /C5° 103 PPC Contro ler Boa'd

Graphical Configuration of the Controller Board

Using RTI

Witn Real-Tira Interface (RTI) (p. 156), you can eas y run
your Simulink™ models o~ tre controller board. Yo. can
configure & /O graphically by using RTI. Thereby, tre imple-
mentation tme s reduced ¢ a minimum. Witn the RT CAN
Blockset (o *66), CAN configurations can o2 completaly
carried cut in a Sim.’ n¢ Docc cagram, vath very little ei-
fort.

Cidimy. o &7 1IURB1IES MAIRIDE

Real-Time Interface |p. *56) provides Smulink olacks “or convenien:
cerfigaration of rems sazh as A/D, DVA, c'g'tal 1D res, incementa
enzecer interface and FWM generation.

2010

A7 CAN MukiMessage Blockse: (p. 168) for grapnizal configuration
of CAN ‘riefaces.
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Robotics

Rapid Prototyping in Robotics

The DS* “ 02 provides six o g tal ~cremental enceder inter-
faces. Tnis s su™icant to pic< up all tne movemen:s of
3 su-joint robot. Thus, this cost-effective sing e-boara
haraware maces it possible to perform rapia control
prototyd ng in ronotcs.

Calculating Values

The rea -t me system picks up the rotet’s six incremental
ancedar s gnas to determine the currant rotot position.
Than this data is comparea witn tha rafarenca va ues.
Afterwards, the 2511C3 calculates the contral alger tmm
ana sends the contro ler output - “or axample, aata on
nositions 2nc veoctas - back to the robot.

Easy Handling
n the example be ow, the controller beara replaces the

zesten centro er. The easy orogrammability of the DS1103
enzoas you to imolement ana tast different control alge-
rthms very quicky, whicn reduces desgr teration times
to a minimum. The orototye ng hardwara a ows 2asy
narameser changing ana madification, without ary hardware
set.un changes.

D51103

Setpont { Actual
IMCWH o

& Increeantadl Encocer Vilues

=
N e |

Controlior Output

Caculating 3 corsro’ 3gotitam o rabetics on a DS1°03 PAC Contraller Boare.

Further Processing Potential

All referance values are ca culated n real-t me, aven “or
inverse <inematics 'wth nighly nonlinear functors Exter-
na sensors such as axs-force momentum sansors can o2
included. Ferform ng rajectory plann ng and advancaa
algorithms “or coll sion avoidance is also very convenient
with the 05 * 03 PRC Controller Board.

2010

331

Hardware
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17.3.Altera EPF10K70 FPGA

m=N=

/N

A

FLEX 10K

= Embedded Programmable
Logic Device Family
March 2001, ver. 4.1 Data Sheet
Features... B The industry's first embedded programmable logic device (PLD)

family, providing System-on-a-Programmable-Chip (SOPC)
integrauon

Embedded array for implemenung megafunctions, such as
cfficient memory and specialized logie functions
Logic array for general logie functions

B High density

10,000 to 250.000 typical gates (see Tables | and 2}
Up to 40,960 RAM bits; 2,048 bits per embedded array block
(EAB), all of which can be used without reducing logic capacity

B System-level features

MuluVolt"™ [/0 interface support

5.0-V wolerant input pins in FLEX" LOKA devices

Low power consumption (typical specification less than 0.5 mA
i standby mode for most devices)

FLEX 10K and FLEX 10KA devices suppost peripheral
component interconnect Special Interest Group (PCI SIG) PCI
Local Bus Specification, Revision 2.2

FLEX 10K A devices include pull-up clamping diode. selectable
on a pin-by-pin basis for 3.3-V PCI compliance

Sclect FLEX 10K A devices support 5.0-V PCIbuses with cight or
fewer loads

Built-in Joint Test Action Group (JTAG) boundary-scan test
(BST) ciecuitry compliant with [EEE Std. L149.1-1990, available
without consuming any device logic

Table 1. FLEX 10K Device Features
Fealure EPF10K10 EPF10K20 | EPF10K30 EPF10K40 = EPF1DK50
EPF10K10A EPF10K30A EPF10K50V

Tymcal gates (lagic and RAM) (1) 10,000 20,000 30,000 40,000 50,000
Maximum system gates 31,000 63,000 £9.000 93,000 116,000
Logc elemants (LEs) 578 1,152 1,728 2,304 28380
Logic array biocks {LABS) 72 144 216 288 360
Embedded array blacks (EABs) 3 & g8 8 10
Tatal RAM bits g, 144 12,288 12,286 16,384 20,460
Maximum user 11O ging 150 189 246 189 310
Altera Corporation 1

AR ]
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FLEX 10K Embedded Programmable Logic Device Family Data Sheet

Table 2. FLEX 10K Device Features
Feature EPF10KT0 EPF10K10D EPF10K130V EPF10K250A
EPF10K10DA
Typecal gates (logic and 70,000 100,000 130,000 250,000
RAM) (1)
Maximum system gates 118,000 158,000 211,000 310,000
LEs 3,744 4,932 6,655 12,160
LABs 468 824 32 1,520
EABs 9 12 18 20
Total RAM bite 18,432 24,576 32,768 40,960
Maximum user 1O ging ase 406 470 470

Note to tbles:

() The embedded TEEE Sud, 11491 JTAG circuitry sdeds ups 1o 37 250 gates snomdkdition 1o the Disted typical oc masimum

SyStem gates,

...and More
Features

Devices are fabricated on advanced processes and operate with
a33-V or 5.0-V supply voltage (see Table 2

- In-circutt reconfigurability (ICR) via external configuration
device, intelligent controller, or JTAG post

- ClockLock™ and ClockBoost™ options for reduced clock
delay /skew and clock muluplication

- Built-in low-skew clock distribution trees

- 100% functional testung of all devices: test vectors or scan chains
are not required

Table 3. Supply Voltages for FLEX 10K & FLEX 10KA Devices
5.0-V Devices 3.3-V Devices
EFF10K10 EPFI10K10A
EFF10K20 EPF10K30A
EFF10K30 EPF10K50V
EFF10K40 EPF10K100A
EFF10KS50 EPF10K130V
EFF10K70 EPF10K250A
EFPF10K100
Altera Corporation
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FLEX 10K Embedded Programmable Logic Device Family Datla Sheet

B Flexible interconnect

- FastTrack” [nterconnect continuous routing structure for fast,
predictable interconneet delays

- Dedicated carry chain that implements arithmetic functions such
as fast adders, counters, and comparators (automatically used by
software tools and megafunctions)

- Dedicated cascade chatn that implements high-speed,
high-fan-in logic functons {(automatically used by software tools
and megafuncuons)

- Tr-state emulation that implements inteenal tri-state buses

- Up o six global clock signals and four global clear signals

B Powerful [/0 pins

- Indwvidual i-state output enable control for cach pin

- Open-drain option on cach [/0 pin

- Programmable output slew-rate control to reduce switching
NOIse

-~ FLEX 10KA devices support hot-socketing

B Penpheral register for fast setup and clock-to-output delay
B Flexible package optons

- Available in a variety of packages with 84 1o 600 pins (see
Tables 4 and 5)

- Pincompatibility with other FLEX 10K devices in the same
package

- FincLine BGA™ packages maximize board space efficiency

B Software design support and automatie place-and-route provided by
Altera development systems for Windows-based PCs and Sun
SPARCstation, HP 9000 Scries 700/800 workstations

B Addiuonal design entry and simulation support provided by EDIF

200 and 3 00 nethst files, library of parameterized modules (LPM),

DesignWare components. Verilog HDL, VHDL, and other interfaces

to popular EDA tools from manufacturers such as Cadence,

Exemplar Logie. Mentor Graphics, OrCAD, Synopsys, Syaplicity,

VeriBest, and Viewlogie

Altera Corporation 3
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FLEX 10K Embedded Programmable Logic Device Family Data Sheet

Table 4. FLEX 10K Package Oplions & 170 Pin Count  Nofe (1)

Device B4-Pin 100-Pin 144-Pin TQFP 208-Pin 240-Pin
PLCC TQFP PQFP PQFP
RQFP ROFP

EFF10K10 59 102 134

EFF10K10A 66 102 134

EFF10K20 102 147 189

EFF10K30 147 189

EFF10K30A 102 147 189

EFF10K40 147 189

EFF10KE0 189

EFF10KE0V 189

EFF10K7T0 189

EFF10K100

EPFF10K100A 189

EFF10K130V

EFF10K250A

Table 5. FLEX 10K Package Oplions & I°0 Pin Count (Continved)  lote /1)

Device 503-Pin | 599-Pin 256-Pin 356-Pin 484-Pin 600-Pin 403-Pin

PGA PGA | Fineline BGA | BGA | FineLine BGA BGA PGA

EFPF10K10

EPF10K10A 150 150 (2

EPF10K20

EPF10K30 246

EPF10K30A 191 246 245

EFF10K40

EPF10KE0 274 310

EFF10K50V 274

EFF10K70 358

EPF10K100 405

EPF10K100A 274 369 405

EPF10K130V 470 470

EPF10K250A 470 470

4 Altera Corporation
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FLEX 10K Embedded Programmable Logic Device Family Datla Sheet

Notes to tables:

(1 PLEX 10K and FLEX 10KA device package types include plastic L lead chup carnier (PLCC), thin quad flat pack
ITQFP), plastic guad flat pack (POFPL power quad flat pack (ROFPL ball grid array (BGA), pingrid array (PGAL
aned FineLine BOA™ packapes

121 Thas option s supported with @ 256 pin Fineline BGA package. By using SamePrame pon megration, ol Fineline
BGA packages are pin compatinle. For example, a board can de designed to support bath 256 pin and 454 pin
FoneLine BOA packapes, The Allera software autoenatical’y avoids conficting pins when future mapration is scl,

General Altera's FLEX 10K devices are the industry's first embedded PLDs. Based
on reconfigurable CMOS SRAM clements, the Flexible Logic Element
atri X} architecture incorporates all features necessary 1o
Description MatriX (FLEX) archi i all f

implement common gate array megafunctions, With up to 250,000 gates,
the FLEX 10K family provides the density, speed, and features to integrate
entire systems, including muluple 32-bit busces, into a single device.

FLEX 10K devices are reconfigurable, which allows L0 testing prior to
shipment. As a result, the designer is not required to generate test vectors
for fault coverage purposes. Additionally, the destgner does not need to

manage inventories of different ASIC designs; FLEX 10K devices can be

configured on the board for the specific functionality required.

Table 6 shows FLEX 10K performance for some common designs. All
performance values were obtained with Synopsys DesignWare or LPM
functions. No special design technigue was required to implement the
applicatons; the designer simply inferred or instantiated a function in a
Verlog HDL, VHDL, Altera Hardware Descniption Language (AHDL), or
schematic design file.

Table 6. FLEX 10K & FLEX 10KA Performance
Application Resources Performance Units
Used
LEs | EABs -1 Speed -2 Speed -3 Speed -4 Speed
Grade Grade Grade Grade

16-xt loadable 16 0 204 166 125 85 MH2z
counter (1)
16-xt accumulator /7). 16 0 204 166 125 85 MH2z
16-10-1 multiplexer °2)° 10 0 4.2 SB 8.0 7.0 ns
256 x B HAM read 0 1 172 145 106 B4 MH2z
cycle speed /3)
256 x B HAM wnte 0 1 106 B9 &3 &3 MH2z
cycle speed /3)
Notes:

1 The speed grade of this applicaton is Timited beesuse of Seck high and low spacifications.
121 Thas application uses combinatecal inputs and outputs,
31 Thasappleation uses registered dnputs ard aulpalts,
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FLEX 10K Embedded Programmable Logic Device Family Data Sheet

The FLEX 10K architecture is similar to that of embedded gate arrays. the
fastest-growing segment of the gate array market. As with standard gate
arrays. embedded gate arrays implement general logic in a conventional
“sea-of-gates” architecture. In addituon, embedded gate arrays have
dedicated die arcas for implementng large, specialized funcuons. By
embedding functions in silicon, embedded gate arrays provide reduced
dic arca and increased speed compared o standard gate arrays. However,
embedded megafunctions typreally cannot be customized, limiting the
designer's options. In contrast, FLEX 10K devices are programmable,
providing the destgner with full control over embedded megafunctions
and general logic while facilitating iterative design changes durning
debugging.

Each FLEX LOK device contains an embedded array and a logic array. The
embedded array is used to implement a variety of memory functions or
complex logic funcuons, such as digital signal processing (DSP),
mrcrocontroller, wide-data-path manipulation, and data-transformation
functions. The logie array performs the same funcuon as the sea-of-gates
in the gate array: it 1s used o implement general logic, such as counters,
adders, state machines, and multiplexers. The combination of embedded
and logic arrays provides the high performance and high density of
embedded gate arrays, enabling designers to implement an entire system
on a single device.

FLEX 10K devices are configured at system power-up with data stored in
an Altera senal configuration device or provided by a system controller.
Altera offers the EPCL, EPC2.EPCLG, and EPC 1441 configuration devices,
which configure FLEX 10K devices via a senal data steeam. Configuration
data can also be downloaded from system RAM or from Altera's
BitBlaster ™ serial download cable or ByteBlasterMV™ parallel port
download cable. After a FLEX LOK device has been configured. i can be
reconfigured in-circuit by resetting the device and loading new data.
Because reconfiguration requires less than 320 ms, real-tume changes can
be made during system operation.

FLEX 10K devices contain an optimized interface that permits
microprocessors to configure FLEX 10K devices sertally orin parallel, and
svachronously or asynchronously. The interface also enables
microprocessors o treat a FLEX LOK device as memory and configure the
device by writing to & virtual memory location, making it very casy for the
designer to reconfigure the device.

6 Altera Corporation
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FLEX 10K Embedded Programmable Logic Device Family Datla Sheet

Functional
Description

Altera Corporation

For more information, see the following documents:

Configuration Devices for APEX & FLEX Devices Data Sheet

BitBlaster Serigl Download Cable Date Sheet

ByteBlasterMV Paraliel Port Dowsnload Cable Data Sheet

Application Note 116 (Configuning APEX 20K, FLEX 10K & FLEX 6000
Devices)

FLEX 10K devices are supported by Altera development systems, single,
integrated packages that offer schematie, text (including AHDL), and
waveform design entey. compilation and logic synthesis, full simulation
and worst-case uming analysis, and device configuration. The Altera
software provides EDIF 2 0 0and 3 00, LPM, VHDL, Verilog HDL, and
other interfaces for addinonal design entey and simulation support from
other industry-standard PC- and UNIX workstation-based EDA tools.

The Altera software works castly with common gate array EDA tools for
synthesis and simulation. For example, the Altera software can generate
Verilog HDL files for simulaton with tools such as Cadence Vernlog-XL.
Additonally, the Altera software contains EDA libraries that use device-
specific features such as carry chains which are used for fast counter and
arithmetic functions. For instance, the Synopsys Design Comptiler Library
supplied with the Altera development systems include DesignWare
functions that are optimized for the FLEX 10K architecture.

The Altera development systems run on Windows-based PCs and Sun
SPARCstation, and HP 9000 Series 700/800 workstations.

See the MAX+PLUS II Programmable Logic Development System & Software
Data Sheet for more information.,

Each FLEX 10K device contains an embedded array o implement
memory and specialized logie functions. and a logic array to implement
gencral logic.

The embedded array consists of a series of EABs. When implementing
memory functions, cach EAB provides 2,048 bits, which can be used to
create RAM, ROM, dual-port RAM, or first-in first-out (FIFO) functions.
When implementing logic, cach EAB can contrtbute 100 to 600 gates
towards complex logie functions, such as muluplicrs, microcontrollers,
state machines. and DSP functions. EABs can be used independently, or
muluple EABs can be combined to implement larger functions.
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FLEX 10K Embedded Programmable Logic Device Family Data Sheet

The logic array consists of logie array blocks (LABs). Each LAB contains
eight LEs and a local interconnect. An LE consists of & 4-input look-up
table (LUT), a programmable flipflop, and dedicated signal paths for carry
and cascade functions. The etght LEs can be used to create medium-sized
blocks of logic—=8-bit counters, address decoders., or state machines—or
combined across LABs to create larger logic blocks. Each LAB represents
about 96 usable gates of logic.

Signal interconnections within FLEX LOK devices and wo and from device
pins are provided by the FastTrack [nterconnect, a series of fast,
continuous row and column channels that run the entire length and width
of the device.

Each 1/0 pinis fed by an [/O clement {{OE) located at the end of cach row
and column of the FastTrack [nterconnect. Each [OF contains a
bidirecuonal [/0 buffer and a Mipflop that can be used as etther an output
or input register to feed input, output, or bidirectional signals. When used
with a dedicated clock pin, these registers provide exceptional
performance. As inputs, they provide setup times as low as 1.6 ns and
hold times of 0 ns: as outputs, these registers provide clock-to-output
times as low as 5.3 ns. I0OEs provide a variety of features, such as JTAG
BST support, slew-rate control, tri-state buffers, and open-drain outputs.

Figure | shows ablock diagram of the FLEX 10K architecture. Each group
of LEs is combined into an LAB: LABs arc arranged into rows and
columns. Each row also contains a single EAB. The LABs and EABs are
interconnected by the FastTrack Interconnecet. IOEs are located at the end
of cach row and column of the FastTrack [nterconnect.

Altera Corporation
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17.4.Semikron SKM 100 IGBT

seMIKRON

4-( back ) t( Furcx ]
Absolute Maximum Ratings Values SEMITRANS® M
Symbol | Conditions "’ Units IGBT Modules
I _— = V| gmesmo
coR oE = 100 GAL 123D
Icm Tesse = 25/80 °Cito= 1 ms 200/180 A
Vaes +20 v
Pio: per IGBT, Tease =25 °C 690 w
i, (Tag) ~40...+150 (125) °C
Visal AC, 1 min. 25007 v
humidity | DIN 40 040 Class F
climate DIN IEC 68 T.1 40/125/56
Inverse Dicde FwD ®
le==lg | Teuse=25/80 °C 95/65 130/90 A
Im=—lom | Tesse=25/80 °Citp=1ms | 200/180 | 200/180 A
IEsm tp = 10 ms; sin.; Tj= 150°C 720 1100 A SEMITRANS 2
It tp, =10 ms; T; = 150 °C 2600 6000 A%s
Characteristics N 6) J
Symbol | Conditions min. typ. max. | Units
Vigrjces Vee=0,lc =4 mA = Vees - - v J J 6)
Vaeeph) Vae =Ver, lc=2mA 45 55 6,5 v
lcss VaE =0 Ti= 25°C - 0.1 15 mA
Ve = Voes } T =125°C - 6 S ma a8 GAL  GAR
lags Vae=20V,Vce =0 - - 300 nA Features
VeEsat Ic= 75 A{ Voe=15V; } - 25(31) 337)| V * MOS input (voltage controlled)
Veesa lc=100 Al T =25 (125) °C - 2,8(3,6) - v * Nchannel, Homogeneous Si
gis Vee=20V.lc=75A ) - - S * Lowinductance case
e e T B | e
Cies Vae =0 5 6.6 nF e Hioh short chcuR cacebi
Cos Vs =25V - 720 900 | pF igh short circuit capability,
self limiting to 6 * leom
Cres f=1MHz - 380 500 pF . Lakchup koo
Lee - - 30 | mH * Fast & soft inverse CAL
taicn) Voo =600V . - 30 60 ns diodes®
t Vge=+15V, - 15 V¥ - 70 140 ns + lsolated copper baseplate
Legom lc=75A, ind. load - 450 600 ns using DCB Direct Copper Bon-
o Ren=Rax=15Q - 70 90 ns ding Technology
Eon Tj=125°C - 10 - mws + Large clearance (10 mm) and
Eot ” - 8 - mwWs creepage distances (20 mm).
Irverse Diode ¥ Typical Applications: —~ B6 -115
Ve=Vec | k= 75A { Vee =0 V; } - 20018 25 v +  Switching (not for linear use)
VF=Vec | IF=100 Al T =25 (125) °C - 2,25(205) - v
Vo Tj=125C - - 1.2 v Y Teas = 25 °C, unless otherwise
r Tj=125°C 12 15 mQ specified
Irm IF= 75A; T,=25(125)°C”| -  2740) - A % Jr==Ic, VR =600 V,
Qr k= 75A; T =25(125)°C”| - 3(10) - uC  —diefdt =800 Alus, Ve =0 V
FWD of types "GAL", "GAR™ © ;‘; Use Voo =-5... 15V
Vi=Vec | k= 75 A{VGE:OV: } - 185(18) 22 | V g S00fig.2+3, Ron=15Q
VF=Vec | IF=100 AT =25(125)°C - 2,0(1,8) - v The free-wheeling diodes of the
i e SRR IR I
0 Ti=125°C - 9 11 mQ gyt
- IF= 75A; T =25 (125) c?. - 3o@4s) - A - 3"“ 150 631230 E scuest
= « = 0 - - Bol = 4000 ms {
Qr I ?5 'A. T =25 (125) °C 3,5(11) uC & CAL = Controlled Axial Lifetime
Thermal Characteristics Technology.
Rere per IGBT - = 018 | "CW|  Cases and mech. data —~ B6-116
Rege per diode / FWD “GAL; GAR"| - - 050038 “C/W
Rerch per module - - 0,05 “C/W
© by SEMIKRON 0838 B6-111
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SKM 100 GB 123 D...
wsa i as 10008202
0 N 40 T =125°C
w mWs Vee =600 V
600
. Voe=+15V
500 : Rs=15Q
400 \ Eon /
\ 20 /
0 N /
N\ —
I\ /_,./ eotr
200 \, 10 ]
100 AN ;/
P E
0 (]
0_20 4 € 80 100 120 140 160 30 I 70 o A 150
Te <
Fig. 1 Rated power dissipation Py =1 (Tc) Fig. 2 Turn-on /-off energy =1 ()
Ic 141 e
1 SE 88
30 T=125°C i 1 puise
mWs ver | VoE=B0OV : Te=25°C
Vee=£15V T|£150°C
le=75A
20
10
10 Fot?
|
5 01 . Not for
0 Ry 20 30 40 50 Q 70 oo m nearuse

Fig. 3 Turn-on /-off energy = f (Rg)

Fig. 4 Maximum safe operating area (SOA) Ic =1 (Vze)

lw.ﬁ: PEs0As Vi
25 . T <150 °C 12 Tj<150°C
Vo= =15V Vee=+15V
Rs=15Q 10 e <10 s
o lc=75A L<25nH
R lecn=75A
18 Note:
*Allowed numbers of
. shoet circulte! 000
*Time betwoen short
1 circuit»1s
4
0.5 2
0 o
0 590 1000 1500 [ 500 1000 150
Vee V) VoE V]
Fig. 5 Turn-off safe operating area (RBSOA) Fig. 6 Safe operating area at short circuit Ic = (Vee)
B6-112 0898 © by SEMIKRON
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120 T T,=150°C

A Voe=215V
100

e
o

0_ 20 40 60 80 100 120 140 160
Te <

Fig. 8 Rated current vs. temperature Ic =f (Tc)

Ic[A] 752us? vpo
160

140 w
120

40

0 1 2 3 B

0 1 2 3 4

5
Vee [31 Vee vl
Fig. 9 Typ. cutput characteristic, 1 = 80 us; 25 °C Fig. 10 Typ. output characteristic, t; = 80 us; 125 °C

Ic (A) TAwe
180

Peanatty = Veesan - loy 16
Veesay = Veeaoym + fee) - low
Veeroymy = 1,5 + 0,002 (T; - 25) [V]

typ.: res(r = 0,013 + 0,00005 (T, - 25) [Q]
max.: reeqr = 0,020 + 0,00007 (T, - 25) (@)

vaidlorveg=+15':f V] Ie > 0.3 lonom

e 2 4 & 8 10 12
VG V)
Fig. 11 Saturation characteristic (IGB Fig. 12 Typ. transfer characteristic, t, = 80 us; Vce =20 V
Calculation elements and equations
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SKM 100 GB 123 D...
VGe V] 75205 wpo C(nF) TR wo
20 100
" soov
® v lops = 75 A Vos =0V
f=1MHZ
14 10\
12 Ciss
10
]
1
o Coss
4 Crss
2
0 0,1
0 100 200 300 400 500 600 0 10 20 30 40
Qg [nC] Vcelv)
Fig. 13 Typ. gate charge characteristic Fig. 14 Typ. capacitances vs.Vce
1[ns) TEncwpe tins) TSXg.vpa
10000 10000
T.=125°C Ti=125C
Vee =600 V Vce =600V
Vee=+15V Vee=+15V
1000 Roen =15Q

Reet =15Q

oAl
1000 lc=75A
induct. load
induct. load
1
- / den
100 / 100
" 1
10

oM

:/'m / ;
10
B Se YO W 110 130 150 10 0 20 30 40 SO 60 70 &0
I¢ [A] Rg 3
Fig. 15 Typ. switching times vs. I; Fig. 16 Typ. switching times vs. gate resistor Rg
00 i H——
/ "
m) | VeSOV
T, =12=°C Ra

!
/b ! 5 V=218
125 °C /25 'C
f
/

f

50

N
o
~ “w -~
2 - ]
g cl o

Evu
° o ol - a v a4 o
F - ' ’ [ 5 100 A 150
Fig. 17 Typ. CAL diode forward characteristic Fig. 18 Diode turn-off energy dissipation per pulse
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lllll IIIIHIIIIIII IIIIIIIIIIIIII\

165 13 161 161 10*
t
Fig. 19 Transient thermal impedance of IGBT Fig. 20 mew
Zeuc=1(p)D=tp/lc=t-f =f(p):;D=tp/te=tp-1
120 et 120 S ooas 12 QAN
VotV Vee w600V
A 'Y, su3s< AT =135°C
Vg =2 05V — L Ve ma15V -+
~ ~ e =TSA A [P
— 4
80 80 ,/
— ‘\\ /m
sa /
uo /"m:
© ol ’?- “ lzm
ot r~— w00 w00
[ T
0 0
0o 0 8 A 120 0 gt 2500 Aus 8000
Fig. 22 Typ. CAL diode peak reverse recovery Fig. 23 Typ. CAL diode reverse recovery
current lag = f (Ig; Ra) current lpa =1
L e
Typical Applications 2 MTTTTT
include oC b ‘,’--":!c
Switched mode power supplies [ Vs w0 15V AR
1] 1
DC servo and robot drives s H s wer N u
Inverters "LL““ 1
DC choppers (versions GAR; GAL) o | A 7017
AC motor speed control 0ie oA
Inductive heating AT
UPS Uninterruptable power supplies 4+
General power switching applications s 117
Electronic (also portable) welders
Pulse frequencies also above 15 kHz Q.
0
0 il 2500  Aus 5000

Fig. 24 Typ. CAL diode recovered charge Qx = f (dVdt)
© by SEMIKRON 0796 B6-115
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SKM 100 GB 123 D...

SEMITRANS 2
Case D 61 CASED61
UL Recognized M5
File no. E 63 532
l .10, 13 2.8x0.5
SKM 100 GB 123D 0
SKM 100 GB 173D ] ° \ | :
0 I 0
8o | N &
T
23 23 17
< - - -
© . 1 2 3 L
<« ] }._ 1 ! 1 o N~ ©
3 CIaCOREE
--,
| | T4
I I
6 17 6
94
Dimensions in mm
SKM 100 GAL 123D SKM 100 GAR 123D
Case D62 (-~ D61) Case D 63 (- D 61)
S 6
© 6
| ° 7 X2 1
o . 2 1or—id—22 3
1 oy 2 _H_:, 3 I L )
At e — 4
a1
Case outline and circuit diagrams
This is an electrostatic discharge
Mechanical Data sensitive device (ESDS).
Symbol Conditions Values Units = Please observe the international
min. typ. max. | standard IEC 747-1, Chapter IX.
M to heatsink, SI Units (Mg} 3 - 5 NM ' Eight devices are supplied in one
to heatsink, US Units 27 - 4 Ib.in. SEMIBOX A without mounting hard-
3 P - ware, which can be ordered separa-
e z’ :e""f":s‘usé L:J"':fs (MS) z: 454 I:.'" tely under Ident No. 33321100
rlerminat n - "7 (for 10 SEMITRANS 2). Larger pack-
a - - 5x9.81 m/s ing units of 20 and 42 pieces are
w - - 160 q used if suitable

Accessories —»B6-4.
- A ) SEMIBOX —=C-1.
Freewheeling diode —~ B 6 - 111, remark 6.

B6-116 0898 @ by SEMIKRON
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17.5.Semikron SKHI 10 Drivers

Absolute Maximum Ratings (Ta=25 “C)

Symbod | Term Values Unit
Vy Sugply wilnge pamuey 18 v
Vi Inprsigral vatage [HIGH) VE+03 v

Mo 15V ara SV inot kewe )
Culspax | Outpul poak cumont -8 A
CUliye | Ot average cument (max | + 100 mA
Ve Colnine-sitior vulagy serse 1200% ¢ 700" v
ax Ratn of rse ard (nl of wilnge

(seccndary to primarny side) 75 Kvius
Vs @ lsciaton est vell INOUT (2 soc. AC) 4cco v
Rogr ve | Minimal Ry, 27 o
Retre |[Miimal R ra Q
Qaerawe |Charge porpuse 96 nis
Tee Opmrating bamparwiurs -25 v 85 "
T Swrage temperatare 25..+ 8% °
Electrical Characteristics (Ta=25 “C)
Symbol | Term Values Unit

min  typ  max

Ve Supply wilsge prmacy a4 150 5SS v
% Sugply cormam {mese ) nav A
wi Supply corren: pemary side (ne kac) 5C ™
Vo Inpa threanald wokage |HIGH] 4o

S Vingd kewl 125 0y

fie SV inpst leawl 24 Y
Wom Inpast et wolage [LOW) fior

15Vinot kevel 3,6 v

for 5 Vind£ lewel .50 Ry
Ve Turman culpt Gty wolage v 15 W
Voen Turrea™ culpf Gate volagy -8 W
! Musirnum speesteg Imgqosecy soa Sy 15
wioeka | Input-odpot furneon ramagalion e 4% 13
wioMea | Inputaupot torn-ol propagaton tire 147 ps
[ Ermoe inga-cutpul romagation lee e s
Vieuw Reference vobtiage for Yo

manitorieg 529063% v
™ It ressistancy 10 kid
Ry Internal gane resistar 1ot ON sgna 2 Q
Flon Internal gane resistor far OFF sigral 2z Q
Coa Perary Yo spoducy CaiacBanos 12 o

LLEE L

-

O g SEMIKRON

Tris cument valae is a funclicr of e cutd £ 1oad conditcn
Typkcal value
Tris vake 3005 Nok CanGider toy, o IGET and tys, adusted oy Rer and Cor
Malcbed 13 be psond with GBTx < 100 A; kr fighee carects, see eiie 2
Yth Ry = 28 <02 Cop = 330 0F 30w Sy, 6 (SKHI 10 for IGBT up 13 1200 V)
TR R = 38 <62 Coy = A7) oF (SKHI QY for IGAT up % 1700 V)

020825

SEMIDRIVER®

High Power IGBT Driver
SKHI 10
SKHI 10117 &

Features

«  Sirghke ariver crouk for high
poweriGBTS

o SKHOI0 derws gl SEMIKRON
IGATs wik Vops wp o 1200 W
Vaciory adpastoreet of Vi ema-
rioang dor 1200 VAIGBT)

« SKHI 10T orives all SEMI
KRON 'GBT: with Vi up to
1700 V (lactory acjustmek of
Nep-mardgring for 1700 V-
IGAT)

« CMOSTTL (HENOS)
carmpatibles inpst bl

« Shom crcut pronoction oy Vi
mantonng

«  Sokahort Cirou umo

¢ Isdlaton cue torarsiarmers (ro
opla coup )

. Su:!:;;yu'cwwlluw e e
(213w

« Emar memary ) oot signal
(LOW o HIGH ogic)

+ Interna isolatod Dower supdy

Typical Applcations

s Figh freguency SMPS
s Beaking choppers

v Asymereincal irges
« Fighpower UPS

B14 .13
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Block diagram SKHI10

ISCLATION veE
! 2 MONITORING
, IN=UT N — - 1 WOE |
2" LEVEL Lerea I I - T s
SELECTCR ! - - [+ .
1Y : ' s 5 v
AESET - ¢ & |
ool = - SOFT  Agatr
] ERROA ™ <C
a Nl m L TURN-OFF_
e ® MEMORY
( V8 ooe '
v 4 (CONVERTER  , 4 7 ,‘,ﬁ"n 12 | oo
+ 10 i { " | .
A1V e Vs | | . DUTPUT 2 T3
b"r",:.,' NMONTOR ' BUFFFR — : .c”".;
R - - _ e Rgeft ¢
00 ~ o 10 |
1 v & IRgGEN
primary s<io socongany svie
Fia 1 The numbers reler 90 the doscriplicn on aage &, socticr B.
. 124 ’
|
CCE
mm  RCE
Oulput
14 13 Connactar
e+ rput = «5
. Conrectcr Raon =)
: : Rgaoft — J7 .3
::m RQOM-5C o *2 o6
4 ERRORWgic 9 — —
13 IRgof -
4.5 4xd 5 Inpeal Level
{ I J1
T |
4.5

Ingt corredte = *4 gn lal cabbs axcondeg 10 DN 47657
Output cannecior = NYOLEX 21751 Senies (Tates win 44635 crimp termical neusing are ormp wrmina s T258)

Fig2 Oimeesons (n m=) s coenediors of the SKHIO

514 4 020E25 © oy SEMVKRON
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sEMIKRON

SEMIDRIVER® SKHI 10
SEMIDRIVER® SKHI 10417
High Power Single IGBT Driver

Guneral

Thw irteligeet gingu IGBT criver. SKRID suspodtiouly
SKHI 1017 @ a stardard driver ‘or all pawer K3BTS on the
manke:.

Tow high pCwnr oupul camabi y wiss cosgned 10 swilth
Fign currert macukes or severn’ paraleled IGBTS cvor for
Figh frecuency sppleaiors, The culpt buller hgs Deee
imperewd 50 muke 1 passok o saich up 1o AC0A IGET
medules at frequenckes Jo to 20«Hz

A nwew lunctice *uss beun acded 1o Ta shon cisauit prolpci-
o gty (Solt Toen O, Ihs aulomaticaly inceasss the
GBT twr off 3me and hence recuces the CC wohage
conevoliage spikus, ecabing the usse o higher DC-bus
vokages. Tha means & crease in the 4na output pawer.
An noyaea DODT cowenter with Fign gavaris saaticn
(4 V] unsyres Pult the user s proteckc from the hgh
vokage |secorcary ske)

T porwwer s, pphees f0r the e may Do the STe a8 usae
in e cortrol Soarg ((N+15Y) withaut the seqummet ol
isclozan. Al cfommaticn that is rars™itiod dotween ingut
are oupul s lemite trarsiormmes, susuling in Figh ewiet
immurity (TEKVS).

The drver INDL S0 & corrected clrectly to the conra
boan: autpol and dos 19 dfemel costra bosnd opemleg
vokages the SKHITO's ingut dredl incudes a ser vehage
level sekecor (4 15V ar +8Y).

1w following only T desigration SK1 10§ usee This
is valid lor Do¥ driver versicrs. I samedting is 0 be
wxpured specal 1 SKHE 107 1 wil De desariped iy
markieg S<-1 1217,

A Features anc Conliguration ol the Criver

Ashoel coscrighion is given babow For caladed migmaton,
ploase reler 9 soctor B,

a) The SKHHOhas ar INPUT LEVEL SELECTOR dreal
whih s phusied by 1 o wo cilleenst wvels 1t is
oresant 1o CMOS [15Y) levwd, bt can 2 charged oy
P usar 1g HCVOS [5Y] wwel by salde trogrg Te
pacs arked J1 wgethe:, Far gnginput cablus, we cc
nat recommend the 5V keve doe o poasidie cisturtan:
s emilec by e power 3ce

) The ERRCHR MEMOIRY hiccss the transmiszion of al
tarneon sGoaks W the IGAT @ wther s shoel crcul or
malurcloe of Vs is deteciod and weeds 8 sgral 1o the
axiema’ zoelrel baard through ar o2en callectar transi:
s

¢! Witha FERRITE TRANSFO=NMER e infoeraticr boe

twoor primary and seccrcary may 4ow in haoth cirect
arm e high beveds of Bl S sollion s obtaioes

<€) A high lrequercy DODC CONVERTER avnis the
mguremen of scloens solaieg posee supphes 1 oD-
L T necussacy gale willegs A solaed Sty
franslarmer n naltbricge cantgumaticn supdies the

receasary paadr 10 1he Qate ol the KSBT. With ths
Satute, w3 Lse the saees Dowee 5ophy ssed in the
exsernal zentrel chcuk ever I 'we are using more than
cen SKHINO o g, r H-Lidgs corfigursions

Short cirouit roecton & roviced Dy moasuieg the
calectoremiter vokage wit a Ve MONITCRING
creul Ar Wl creut catngts the st citouil gl
2 deay (determinee oy Rzp,Cocl and cecroases the
i o speed [ndusted by R, .-SC)of v IGET, SOFT
TURN-CFF urwter Syl condlioes is reosssary g it
recuces the wallage averancct and alicws 1a7 a “aswr
e gl durng “weral aperationr

I} Toe OUTPUT BUFFER IS resaorsbio $or prow iing the
carmect cattent to the gate o' the KSBT. ¥ these sgnals
¢ rol Fave sulliceel power, the IGBT wi rot saich
pregerty, and acaiiona kases of oven the destrucion
of the IGBT ~auy acayr Amordeg %0 the soolcstion
(aminhieg legosecy and gate charge o the IGET] the
cauraent vale o Ry anc the By must 20 manchod
W e optrum vauw This can be dore by puting
acdronal paraliel resisars Foo, Ry with thase aroa
cy cnthe beare. foclyore K5BT 5 %0 50 used, (instead
of parale correwion) oqly cre bk oould e cor-
rocted detwaeen arver and gane oy sakcenng the two J2
arcas together.

Fig1 shows & simplfise Wock dagram gl the SKHNO
driver. Some oealiminary remarks wil hep the Jncer
sardrg

«  Segulated « 15V must 20 present betwnor pns 8.2V
ard 1C, 11 (1}; anina.t signal (ON or OFF ccmmanc 12
the IGETE) o the conrd systam $ supile 10 gn 2
(V! where HIGH-ON are LOW-0F=.

s P S Vo) o secondsry sde is romaly correded %
the colectar ¢l the IGET 10 moritor Vo, b ‘er ital
w5 without cennactirg e KEBT it must 20 connocind
wope 1 (E) o avad ERFOR sigral oo enatw the
culpw sigraks 1 te moasured.

s Tows RESET wpul must be correcd 1o G4 10 wrable
the V- sgne F Lis Bl cpened. T deosee wil be
=

* To mornoe the werge sigral, 8 pubup esston =L de
proviced aetween 20 3(EXRI0R| and V,

B, Duscription of the Crouit Block Cingram (Fig. 1)

The Greol in Fig 1 shows e ingof oe the ki and cutpo!
an e gt (rimaryseccndary)

1. Inpust mvel circuit

This Geeuil was cesgned 10 acaap! two dfleent loge
voitoge levels. e sarcarg lovel S 415V Macony achsiec)
irtrded I nosy BrasgneTmels o when keg oenectiors
112 50 ¢ batwsee e satumal octrol creut goe SKHINO
are used, where NOGE IM™Lnity mast 20 cors cenle. For
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Fig3  Selecting J1 for SV lewsd (TTL)
Whan connacting he SIGE10 10 a cantrol boasd using short

Figda Connecting the SIG10 winh short cable

Sind<t A

m-eto_

Fg4d Comnecing Pw SIGE10 wilth ong cable

Omerwise, if the lengh s S00m or more (we sugoest 10 imit
the cable o sbout | meter), some care must be
tkan, The level shoudd e avoded and CMOS/1SV s
10 be used nsheadt Tt cable must hawve the pairs of
oonductons twisted or be shelded 1o reduce EMURFI su-
scaptitility (Fig, 40) ¥ & shisided cabie is used, it can be
g';“bml"mbwmlw
As Pw inget ivpedancs of B INFUT LEVEL SELECTOR
cirodt is high, an intermad pull-down resistor keeps the
1GBT in state m case Be Vin connecion is ntemupied
o Wil non connecd

2 Input butfer

This crcut enables and ampifies He iInput Vin o be
trarsierred 10 the puise rareiormer when RESET (pind) s
LOW s 950 prevents sousions sgnals baing ransmitiod
10 the secondary side.

The folowing overvew = showng he nput threshokd vol-
tagms

|Vt (igh) __] P L
15V a5V 110V 125V
5V 18V 20V 24V

Viz. (Low) min typ max
15V asv azv 48V
S5V asov QS V @V

3. Error memory and reset signal

The ERROR Is tnggered folowing events:
o shor ircit of1GBTs e
* Vgundanvaltage

In case of short chcult. the Vice monttor sends a trigger

is set and pin 3 is actvated. For HIGM
wxtamal Re must be connected prefamniially in the control
man board. In this way the connection betwesn main board
and driver is also checked .

I low-ogic varsion & usad (U3 shon-Greuted), an intemal

FAULT RESET | ERAOR ' Vin
no 0 0 erable
no 1 0 disable
yes 0 ! dsable
yos 1 0 dssbia

1) default logic (HIGM); for LOW logc the sgnals are
complemerntsry

Tabie 1 ERAOR signal truth table

The open-colector transistor (pin 3) may be connected

Prough 8 pub-up mesistor 10 an extemal (imeenal Vg for the
warsion| voltage supply +5V...4 24V, imiing the

curment 10 hew < GmA,

4. Power supply (Vs) monitor

The supply voliags Vs is montond. i it faks below 13V an
ERAOR signal is and tha tum-on pulses for the
IGBT's gate are

B14-6
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5. Pulse fransformer

trarsmits the trn-an arg tlum-ch signals tc the (GB™. n
ey wwerss dmcion To ERRSA sigrwl fom the Ve
merkcang s raramited via te same ranstommer. The
isdwion s4 kY

& BCOC cormmrinr

r e pemary side of e comeerter, a Faloricge imeerter

TanGio’s e NCa%Ary erergy ‘ram Vs to the socandary
of @ lutis raesiorwme e the spcindury soe, 5 Gl bridge
arc 4kers corvett the high fogquenzy sgna camng lrem
e privry 10 DC bveds (+ 15V BV 1 are stabilsnd oy
A walage regulsice crout

7. Oulput butter

The culds butler 5 sudpiieg oy the <5V 3V fam the
DCOC coewrye | the cpenalioe proaceeds -weraly (ro
‘aul), e o are o*sigralis lanarined 10 the gate o' an
GBT trrough Ry 8% Mo The aupul stage has @
MOSFET par I'al s suw 10 30008k up 19 &4 pase
current tedram the gane mMproving the tarnankolt ime of ¢
GBT Acciionsdly, we Gar seot b o (soe Fig 2) athee
o deschame s Gals caacianos wih g valage source
(standard) o With a zumert scurce, specaly desiyr 1ot ¢
1OV IGET wenus (i speecs up P lumecl! Bme ¢l Ta
GBT). The present lactary seltirg is Woitage soarce (ngs
= 042). Using the zumert source b Feaamustbe D Q.

Vo Vi E Wone ® NCE OCE)
s H
4 ROT 2080
L : CCTater
o :
" ]
H CLEyF
1 p)
:
42 .‘;‘. perres ......-..;..n&.i....nn-n..-...
- ¢ -0
e d L4 OCEw ¥
L E Vi 4
" 1 3
% Vi 4
E Vo
. b - s M we
=|Je "’cfll‘ | with P & vnx.c:f
&.Sol turn-ot

v Gase ol 3horl-geul, & lusthee crcu (SOFT TURN-OFF)
ing Tu cusi B in seems with Mg aod forns-ofl
te K3BT al 2 owerspooc. Tha preduces a smalier vekage
spks (e LETRAY x ¢ abow 1w DC ine iy snchicry
the gt vauw Bocauss in shot-creult condices the Ho-
megenacus IGET's poak corrent iINcreases up to & tmes
e romng cuten! [up 30 10 timws wih Exlacisd IGAT
slructures), and some slray PAuZtanze IS over presett n
power cirzuis, k must fal tc 2e00 in a keger tme thae at
roral apeestion Ths sof tum-off ime® car be moooec
by coenocting 2 panalel sosistor Fooy ST (see FR. 2) wth
oo allpady o the drirled citzul: beare.

9. Vi:x monioring

This crcuk & resgansioe lor shordredt sersng. Due o
e drect =wasuramel ol Vore: oe the IGBT'S calker,
I: 2ocks the owact butler throcugh he 50% o™ Crcuk)
in cwe of sho-Greul src sunds a sgral % v ERAOR
meoey 90 the prirary sice The secognition ol whck Ve
Il MUST D0 CONSKCred a5 a shart crcukevers | acjusted
by N and Co. (30w Fig 29, and £ degands of e GBT
usee. Typos wakes Moz 108680 and Cor <K pF 100 SKHI
10 are celverac frem faclory (Fig. 6, curwe 2] Usng SKHI
TV e thrrewr will Bo colbverec with Ry = 35 k50 ard &y
= 470 pF from factery.

The Yeae IS rat stalic D2 2 cyramic relerence which nas
an exporental shepe stanting gl sboul 15V src decrogses
10 Yeresw (3V < Veres < 10V celormiralod by Roe), wih a
tire corsteet 705 ps < v < Tms conteoled by G ) The
Worame s Do avpesied o emar abow Yo in romral
operatan jthe GET isalready r lul saluaticn).

Te weuit o b Siure recaton when T 1IGBT ust wans
10 corcuzt (Veree vake is 5tll %c FiQn) scme docay Ime
must be proviced o e Vo AS the Voo signal o
irtarraly bmtod 81 10V % cocsy tiem of Voow must reach
tha evel a%er Voo o7 a “alure incizatice wil cocur (300
Fig 6, curan 1), AL, s cofiome g8 lunctioe ol Voo and v
16 firxd ot 1 Desl chonos for Flos ard Ve (300 Fig 6 curve
2]. Tre time the IGET come to the 10V (revesemec by 2
A e Fig 6) coponcs an e IGBT Bsaf and =, used

The Sz and Cz: values zan 2o fourg Yom Fig 7oy taking
the Vieuy and oo 2s InDut values wit lolow ng remarks:

* o = 0K
“Cor E70F

Attention!: ¥ Fis Gnion is ot usec, 10 exampks curing
the exaperimental phase, ¢ Vi VMONITOR NG must bo
worrednd with the EMITTER autpul 16 svo e possias 4ul
iicalioe and corsegoec! gate sGns BGGng

10. R,-, R,»

These wwo resisters ane resparaizie a7 the swiching speed
ol wach IGAT. As an IGAT has ingut camactana (varying
durirg T swhching ime) which must be charged and
dazhanged, toth resislos wil ciclale what Sme must bo
takan 1 g 1fis The Sne veue of msstanas is ctoull o
predict, betause & doegands of mary paramotens, as lok
borws:

* DC~ik v lage

«stray induciarce of the cittul
s gnizing Hegquensy

“typect IGBT

C, Oparnling Procedure

1. One IGET conneclicn

T sasicn the cormet swilchicg sec shosl-Grcul monicnng
ol ore GET some acdBonal exiernal COMECND™S MUt Do
uzea [Fig.s).

The derne 5 colversd with loue Ry sesistons (4302), Tas
value car be reduzed to Jse the Crwey with higger mocuks
ot highar frecuuncesionr valtages, by pulleg sdditiceal
resses i paralel 16 the exsing ores
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Fig ta

The culputs Gzy and Gos wers praviswed 10 porred e
driver with mare than ore /GBT (paraleing). In that case
wy mat ootk sgneds ONOFF sepanatuly % corrat add -
ticealexdena 'esisiors Ry, a0 R,q foroach IGBT. Torly
one IGET & w0 ke Lapd we SURRest 10 connoct Do paints
logather rough &2 (oee Ty and 2] Thas can be doms
by soidering Tne twd amall pads 1a0cther, which Lawes one
wlwiral correcion

Tyxcal cemparent vak.es: ')

1w 88 functioe ol R s Cy.

Rose Ao Sor Roo logee
LR B - S
(22 2z 3% 13 0

SKKGBT Modde

S4M  T5EAL23D

SAMIDCALNZA 15 5 XM e 0
SAM IS0GALIR)IZ2E0 12 12 330 13 0
SAM 200CALSTZ0 10 W J e o
S4M 300EAUR)IZEC B2 B2 330 18 0
SAM 400GA2I0 (B8 68 X o 0
S4M 5033A123D (55 56 33 13 0

Tabke Za 1200V /G370 DO Inke 700V

SK¥EBT Modde Ruw Run Cor | R lage
LR pF kU Q|

S4M 2005EAL1 73D (B2 82 470 35 0
SAM 300GAVID B8 68 4 3 0
S4M £D0EA1T3 (E6 56 470 35 0

Tahke Zh 17C0Y 'GE7TE DO Inke 1000V
1 Oy strirg valoes, for ind amtimizshion

The acjusimerk cl Ry Hazlary agjusiod Fe. v = 22 Q)
sroukd be cone absening T caerasBages al the ~ocubs
I zase of shart circuk When hadng a low indoctve DC Ik
the modul Gar be saiched cll lester

The values shown should be considered as stancard
values for o mechanical@iectrical assembly, with ac-

Ve
3 » ) = w "R
Fig 0 Vocw:asforcion o Rer

CANR WE o1 VeI OUTIUT OOAMICTOR:

.nl!'l . \
. resa © = .u s ?.
- : ' II T‘
g \ <
) S \
. e P
s o . *
3 e -
| SMFMD s
wrhd D o
Fig 8 Peolecrod stancard crcutt

cuptabe sirxy nductance mvel, using only ane IGAT
per SKHIO driver. The final optimized value can be
fourd anly by messuring.

2. Paralicling IGBTS

The saradiel correctior & recommendec ocly oy uLng
GETs with homogeneouss structurs (IGHT), hal e &
postny lemperatum cowtScem melieg in 8 perfect cur-
rort sharing wthow: any cxtornal aux lary elemen:. A%er al
BOwe CHIY MUSE e cOrsichanes o risch 8N ool miced Gl
ard to chian the totad performance cl the IGBT (Fig. 9) The
G373 mug have ndeporcem vaues o' Fe.. and 2.1 An
auxbary wmtter rosstoe Ny as well 85 8n aux ey oolbeoe
resitor R must alsd 2o usea.

Tows wocwersal muesoes Moo, My, Ra 8nd Ree shoud be
TCUmed ¢n an accranad dreat hoard near the darakied
mcdues, andihe B,-/R e onthe driver shculke be charged
W pero chms

Tre Fee agsumes a valae cl 0,50 anc ks lunclicr & 10
coTpansaly thy wreg mssiarcs n lthe u.niiary wmiturg
whal okt mgen e amitor vollsos sgsnst ground unis-
lanced.

Tows T, ssssumus aviun ol 47 Uard 53 functior isto cresly
ar average vaue ol Voo, 0 case ol ahoet ciroul 107 Voo

B14 &
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Fgh  Prulerred cieoult for paralieled 1IGDTs

The mechanical assembly of the power orcut must bo
wymenetrical and low inductive,

The maximum ecommanded gate charge & 0.6uC.
See also Fig. 14,

D Signal Wavetorms

The foliowing sigral maveloms were messured under the
conditions below:

V=V

Taun8C

sload » SKM1SCOALAID

o Py « 10602

o Ceg » X0pF

olhg = 1200V

eole = 100A

AL ssuits avw typiead values If not otharwiss speciied
Tha it acquancy of SKMUD depenads on the gate chage

commectod In s pina,
¥ el IGBT a0 wed, he Irequency could theo-

Fg 11 Output voltnge (Vae) and ouput curment (o)

W

o) .

Vot Oy

Vet ey

ST RSP P 4

VeEMANN Melpwiy '

Fig 12 Shon-cirowt and ERROA propagation time
WOrNl-0ane (Vi with SC slready prosent)
e
- A H
Fig 10 wput and output voRAGs DIOpAQASON Wne
020826 B14-9
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Viosowhe 1280V
Wog #1200V ! | "i‘"'x"
/f'}r WNe=BeeA
/. |\
1\
/’ | I?”‘
l' l|
J L o A
et . . SUREI—
VeSO wicin My
o |

Fig 14 Maxmu= cpersleg wgosecy x gale dhamge

reticaly susch 100kH: For Bgoee =wouks o0 won ursd-
leed modiies, the maximum Yequency mast be doser™i
rale (Fig ta) Oy & Te 1014 sqivake! s clurgs
COTRtiec I e ol of e craee. The maciewm alg-
wed value s imeed (9.6pC) and depends on the outaet
imeerwl CHnRCTArce correties 10 e power suzply (wner-
Gy 5107230 capactanoe)

E, Application ! Handling

T Teas CNOS wpuls of e criver 5w maimeraly secstiv
tc avervatage. Vokages higrer than Vs + 2,3 V] or under
=03V may cestoay hess rpols

Trerefore e ‘clowirg salkety require™eris ate 1o be ob-
sonec:

o To mske sum thal the conra Sgnes do rol comprisy
ovenveliages axceedirg the abewe values.

+ Protwgton sgsnst st cdschaegus cuning farcing As
ang as the Fyonic crver is rot compkenety assembiea
To inp terrings LSl o8 shon crouted, Persgns
woreing wil CVOS dewcus shodd wear & grourced
waceket. Any 1007 coverings must rat be dhanrgeabie.
For rarsportation e ingut eemingds sl os shon
cirzulec using 1ar mamo e, CONCLCIV rUbde”. Flaces
o werk st Do grounded The same lnam rocuite:
=wels apply Yo the IGATs

2. The ccnnactirg keads betwnor the drwer and the pawer
modun must be as3horl s possiole, s¢ should dewiste:
3 Ay parssitc ndoctance stoulkd be mnirimd, COwee.
valages may be dampee by C or RCO andoter retworis
Lotawnan the man wemings (3 = C1 [« and [2) = E2 (-} of
the power medule.

4. Wren 4rs cpenatirg & rowly cowdopoc oroal, low
cabector wilage s e cureet ookt be sed in the
tegrrirg. “Tese vaues shauld Do increasec gracualy,
Ghosrarg the tum-ofl Detavor of e Losntueleg dodes
an the turr-oM walage spkes sorcss e 1IGAT by mesns
cl annsclicscape A%O the case o gEeralue of the powe”
modun stoukd s mornored When the Geeul works oo
roctly, shert Cittul tesls car te made, stanting again wih
low callocior wltage.

5 B impocisrt 50 feed sy ERAOR back 1o e cotra
crcut w0 swiizh ¢ ocuiament cft immeciately n sach
cworts. Repoated tum-cr of B¢ '(G2T nto a shott crcul,
with & freGuency of sewrsl kHz, miy dustroy 1 covos

For furer celails ask SEMIKS0N
N 11224040
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