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Abstract

ABB Medium Voltage (MV) drives offer flexible and reliable modular design for single as well as multi motor applications with
power range from 3 to 36 MW. In order to validate the complex converter topologies and control methodologies of MV drives, a
powerful multi core real time simulator is used for Hardware in Loop (HiL) testing. The Medium Voltage Drive Hardware-in-
Loop (MVDHIL) system is preferred over traditional analogue test or field test as it offers flexibility, cost benefits and no high
voltage risks. This paper describes about the MVVDHIL set up for ABB ACS2000 Drive and discuses manual and automated testing
of MVDHIL with lab results.
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I. INTRODUCTION

The modular design of the Medium Voltage drives allow the standardized drive units to be combined optimally for a specific
application with minimum engineering effort. Control card of the MV drive contains Direct Torque Control (DTC) [1] based
control software which is an optimized motor control method for AC drive systems. The basic concept of direct torque control
(DTC) of Induction-motor drives is to control directly the stator flux linkage and the electromagnetic torque by the selection of
optimum inverter switching pattern using a switching vector look-up table [2]. The quality of MV drive product to the market can
only be ensured by extensive testing of the controller hardware and software. Prior to this, MV drive testing used to happen on an
expensive test bench of drive and motors with scaled down power. In such scenarios the controller parameters need to be detuned
in analogue test bench to avoid any possible damage of the drive or motors. Electrical systems also tend to be stiff by nature,
requiring very small time steps or variable-step solvers to achieve convergence and/or accuracy [3]. Real-time digital simulation
is based on discrete time-steps where the simulator solves model equations successively [4]. Controller under test is interfaced
with simulator through analogue and digital input and outputs for validation. Right controller software testing platform is required
to demonstrate that software behaves as per the requirement specification and also to detect and prevent faults before product goes
to market. This paper describes the Drive Hardware-in-Loop (MVDHIL) test set up, manual and automated closed loop testing of
the set up and results of the lab tests indicating the advantages of automated testing.

I1. MEDIUM VOLTAGE DRIVE HARDWARE IN LOOP SYSTEM DESCRIPTION

A. MVDHiL Set Up

Real Time (RT) simulator contains a powerful target CPU, a flexible, high-speed FPGA and signal conditioning boards.

The simulator offers standard connectors like RJ45 for quick monitoring connections and the back of the simulator chassis
provides access to these FPGA monitoring connections, all 1/0 connectors, power cable and main power switch. MVDHIL
Hardware configuration is shown in Fig. 1.

The multi-core CPU calculates the whole ACS2000 MV drive and the motor behaviour in real time. The FPGA manages only
the high-speed peripheral 1/0O devices in this application. The 100-MHz operation speed gives the 1/0 channels a resolution down
to 10 ns. Thus multiple events could be captured or generated within a simulation time-step to incorporate very precise timing into
the model, such as the IGBT firing signals and motor encoder signals. The FPGA is also used for emulating the encoders as well
as emulating other ABB protocols. For this purpose, Distributed Drive Communication Systems (DDCS), which emulates the
excitation control unit, consisting of an ABB Distributed Control Systems (DCS) drive, is implemented on the FPGA using the
Xilinx System Generator (XSG).
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Fig. 1: MVDHIL Hardware Components and Communication

The communication between the CPU and the FPGA is based on the PCl-express bus, and a very small latency of 4 microseconds
is achieved [5]. The controller under test is the original Application and Motor Controller (AMC) card, consisting of the different
boards for control, measurements and protection. The Control Hardware contains AMC Card and Interface (INT) boards for
communication. From the control perspective, hardware has Inverter Unit (INU) control card which send the gating pulses to
inverter based on the motor current and dc link voltage feedback. MVDHIL control hardware consists of at least one Master INU
which holds the Main Circuit Breaker (MCB) control to protect the drive when major fault occurs by disconnecting the drive from
main power supply. INT boards transmit the gating pulses to RT simulator and CVMI (for Current and Voltage measurement)
boards receive the current and voltage feedback signals from RT simulator and communicates to AMC cards via INT boards.

111. MANUAL TESTING METHODOLOGY

In software development lifecycle it is cheaper to fix a defect, if found earlier. Hardware-in-the-Loop simulation permits repetition
and variation of tests on the actual or prototyped hardware without any risk for people or system. Tests can be performed under
realistic and reproducible conditions [9]. The scope of MVDHIL testing shall include the validation of all relevant functions in
controller hardware and the implemented software with the interface to the hard real time simulator.

A. MV Drive Controller Testing

The AMC Card works as sink in getting the measured signals like motor currents, motor voltage, DC link voltage and works as a
source in sending commands for speed and torque control. There are various measurement devices and transducers present that
communicate to AMC through the INT board. ABB uses DDCS communication protocol for all the communications between the
AMC and the Drive. The testing of control software involves testing of the core control strategy: speed feedback loop, torque or
speed reference modifications, checking of switching logic and feedbacks from motor. Direct Torque Control (DTC) which was
formulated by Takahashi (1986) [10] and Depenbrock (1988) [11] is an optimized motor control method for AC drive systems,
which allows direct control of motor torque and flux. Fig. 2 describes the motor control functionality running inside the AMC. In
DTC, each switching instance is determined separately based on the values of actual flux and torque, rather than switching in a
predetermined pattern as in conventional PWM flux vector drives.
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Fig. 2: Motor Control Functionality

The measured motor currents and DC link voltages are inputs to an adaptive motor model which calculates exact values of
torque and flux every 25 microseconds. Motor torque and flux comparators compare the actual values to reference values which
are produced by the torque and flux reference controllers [13].

In order to test the motor control software, the following tests are to be done;

— Inspection of hardware present and the communications.

— Testing the relay pickups, charging and discharging of DC bus.

— Running the drive with load and stopping the drive.

—  Performing specific functionality tests for different scenarios: when the drive is at rest, when the drive is running and when
the drive is about to stop.

#. Manual Testing of the Drive Functionality

The control software can be tested for protection functions, control functions and the behaviour during abnormal conditions. The
paper shall discuss about testing of two functionalities to describe an easier and an arduous way of manual testing. The easier way
of manual testing is to test with the control software parameters used for protection functions. In this an overcurrent trip case is
taken for testing [13]. The DC bus is set for charging and the drive is started. The speed reference is set to nominal speed. Once
the drive attains the rated speed, an overcurrent trip is to be caused. So here the actual motor current is measured and the overcurrent
trip limit is set to a value less than the actual current. Once this parameter is set, an immediate trip occurs and the drive stops. The
fault reported is verified and if the fault is overcurrent, the manual test is set to be passed.

The arduous way of manual testing is to test the behaviour of the control software when a trip or abnormal event occurs during
a state transition. The classic example for this type of testing is the Synchronization test with ACS2000 control software.
Synchronization with the grid implies that the motor is transferred from the drive to the grid. It is necessary to study the behaviour
of the drive if an abnormal event like a trip occurs during the synchronization process. The transition from the drive to the grid is
marked by drive status change. This happens within 250 milliseconds which cannot be easily validated manually.

IV. AUTOMATED TESTING

In order to reduce the testing effort, increase the quality of testing and utilize the present multi core real time simulators that provide
next to real simulations, automated testing of the control software is introduced. It has been argued that the automated approach to
testing protection schemes on a real time simulator is best suited to quickly identifying fault scenarios of interest, whereas the
manual approach to testing is a more efficient method of determining the reason for the particular response of a scheme to such
scenarios [12].
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Fig. 3: Flow chart of automated testing framework

In automated testing the control software is tested with help of test cases written for various control functionalities. The test cases
are written in Visual Basic format and built to obtain a .dll file. This is then loaded into a test runner interface to run and test the
control software. Since the testing is done by the software, manually caused delays are not introduced. The sampling time can be
as low as 1ms. The flowchart for automated testing is shown in Fig.3 [13]. Firstly a communication with the drive is initialized
and an interface is created through which the programmer can read or write all the parameters in drive application. Then the drive
is checked for any faults. If the drive is tripped, a reset command will be issued by the script in the automated program. Once the
drive is ready for testing, the parameters which are necessary for running the drive are set and stored as default parameters. This
can be called anytime in order to make the drive run. Then the test specific parameters are set and testing starts. The testing
continues until all test cases are completed. Finally the communication is terminated in order to generate the test report in an html
format. The trend samples are also recorded and saved in an excel format. If required, this helps in debugging.

The overcurrent test case as described in the manual testing was also automated and tested [13]. In general, the protection
functions are very simple to test and hence can be tested manually. The difference in time taken for testing a protection function
like overcurrent manually and automatically is very less. It was measured in the lab that the time taken for manual testing was 90s
and that for an automated testing was 50s. But automated test can run all the tests defined in a sequence and thus reduces the time
consumed when they are carried out manually.

To explain the advantages of automated testing, the synchronization test case is explained. The Synchronization process involves
the function of a device called Synchrotact. It helps in disconnecting the motor from the drive setup and connecting the motor to
the grid and vice versa, as shown in Fig. 4. During this process, there is an instance when both the breakers SBP1 and SM1 are
closed. The instance ranges from 5ms to 250ms.
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Fig. 4: Single line diagram for grid synchronization

It is not possible to test the behaviour of control software for an abnormal event during this transition, which lasts less than
250ms. Since the sampling of signals in automated testing happens at 1ms, the exact instance of the breaker status can be captured
and an abnormal event like an overcurrent trip can be caused to study and understand the behaviour of the control software more
accurately. These steps were written in scripts and automated test was run in the lab. The trends obtained while testing and the

status of switches are shown in Fig. 5.
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Fig. 5: Automated testing results

It appears from the Fig. 5 that when SM1 close bit is low and SBP1 bit is high the trip was caused. But actually both the switches
were high for 250ms and the trip was caused during this condition. The samples of the trends were taken and a plot for the status
of the bits and the trip level was generated as shown in Fig. 6 for more analysis. It can be concluded that the trip was initiated when
both the status were high. This shows that the automated testing can be more precise than the manual testing.
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V. CONCLUSION

In this paper, we clearly showed the benefit of automated testing over manual during the testing of grid synchronization. The other
advantage of MVDHIL automated testing is that it generates user defined reports indicating the ratings of the drive, test parameter
settings, trends, test steps and the fault list. It makes interpreting the test scenario much easier and helps in creating records of
testing. In addition to this, repetition of test cases helps in rigorous, repetitive and destructive testing of the control software.
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