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1 Introduction

The SMART RURAL GRID project is conceived with the aim of deploying smart grid
technologies to rural areas. The grid characteristics in these areas cause several
issues on the power quality, electricity distribution, distributed generation integration,
among others. All these issues can be nowadays improved with all these new

technologies.

The main active part of the whole system is the IDPR. This device is in fact a power
converter that is able to manage energy packages and at the same time, improve the
power quality in the grid. The IDPR is supposed to allocate an energy storage system.

Inside the framework of the project, the deliverable D2.2 presents a study area of the
project, where several devices will be installed. The network operation is also
presented depending on different events. This study is followed by an historical data of
consumption, and quality report. Finally, the energy storage needs are estimated in

accordance with local consumption and operation modes.

In accordance to D2.2, a conceptual design of the IDPR have been presented in D3.1,
on M4. During T3.2, a functional prototype of the IDPR has been constructed. The
prototype hardware, functionalities and interfacing have to be documented in order to

allow all project partners to understand how the pilot area prototypes will work.

2 Scope

The purpose of this document is to explain the general characteristics of the
constructed IDPR functional prototype. The content of the document is expected to be
sufficient for the integration of the IDPR in the whole system in T6. The next sections
will show the presentation of all hardware, software and interfacing characteristics of
the IDPR.

3 Hardware

This section describes the hardware included in the IDPR. The IDPR is divided into two
parts: the current source controlled power cell (CSCPC) and the central controller cell

(CCC). The Figure 1 shows a general schematic of the device. In each IDPR, it is
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mandatory to include a CCC that needs to be specifically designed depending on the
output power. In contrast, the CSCPC is identical for all IDPRs, but the number of
CSCPC may vary depending on the required output power needed in each substation.

The design allows up to 4 CSCPC to work in parallel.

IDPR

Communication
bus

Central controller cell

Current source
controlled power cell

Current source
controlled power cell

-

bus

Internal
Communication

nter-cell Power
connection

[

Current source
controlled power cell

Figure 1. General block schematic of the IDPR

The Table 1 shows the electrical rated values of the IDPRs in the pilot area. This
modular structure provides the necessary scalability in terms of power, in order to

cover different substation rated powers, as seen in D2.2.

SS El Verger Planallonga Artigues
Nomenclature IDPRO10 IDPR730 IDPR928
Number of current controlled power cells 2 1 1
Storage 10 kwh No 10 kwh
Rated AC side apparent power 39 kVA 34 kVA 34 kVA
Rated AC side current 100 A 50 A 50 A
Rated AC side voltage 230V 400 V 400 V
Rated AC side frequency 50 Hz 50 Hz 50 Hz
Maximum AC voltage 207 V 360 V 360 V
Minimum AC voltage 253V 440 V 440 V
Maximum AC frequency 51 Hz 51 Hz 51 Hz
Minimum AC frequency 49 Hz 49 Hz 49 Hz
Rated DC side current 200 A - 100 A
Rated DC side voltage 230V - 400 V
Maximum DC voltage 540 V - 540 V
Minimum DC voltage 260 V - 260 V

Table 1. IDPR rated values requirements in the pilot area
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In order to test the modular solution, the IDPR functional prototype includes 2 CSCPC.

3.1 Current controlled power cell

This subsection presents current controlled power cell (CSCPC), as the main active
part of the IDPR. The cell includes the power electronic devices, some filtering
components and a distributed control subsystem.

3.1.1 General description

The CSCPC is the heart of the IDPR. It is able to deliver current to/from the grid and
battery in order to achieve all the IDPR functionalities. The Figure 2 presents the
operating terminals of the cell.

The cell is able to control up to six independent DC or AC currents through the outputs
R, S, T, A, B and C. Any of these outputs can be controlled both as AC or DC current
sources and can be connected to AC or DC grids, storage devices or distributed
generation. The energy needed to deliver the current is stored in the internal split DC

bus. The bus terminals BUS+, N and BUS- are available.

0 o
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V24V —
024V —

ALR_IN+ —|
ALR_IN- —

ALR_OUT_A —]

ALR_OUT_B — BUS+
SYNC_IN —{ YA
SYNC_OUT —{RA N
Eth t
e BUS-

Figure 2. CSCPC operating terminals

The stability and control of the internal bus is not intrinsically done in the distributed
control algorithm inside the cell controller. A central controller will send the current
setpoints by means of an ethernet link. These currents must be not only be in
accordance with the IDPR functionalities but also take into account the DC bus

equalization and its stabilization at operational voltage.

The cell needs to be supplied by a 24 V DC voltage and includes a hardware alarm
input/output and a fiber optic link in order to synchronize the pulses of the internal
converter. The CSCPC rated maximum and minimum electrical values are presented in
Table 2.
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Power characteristics

Maximum output nominal rms current

TerminalsR, S, T, A, B, C 50 A
Terminals BUS+ 25A
Terminals BUS- 100 A
Terminal N 50 A
Output instantaneous voltage range (with respect to N)
TerminalsR, S, T, A, B, C - 360V to+ 360V
Terminals BUS+ +370Vto+430V
Terminals BUS- -430Vto-370V
DC bus nominal voltage
BUS+to N 400 V
BUS-to N -400V
DC bus capacity
BUS+to N 21.6 mF
BUS-to N 21.6 mF
Output equivalent inductance
TerminalsR, S, T,A, B, C 150 uH
Control characteristics
Supply requirements (V24V pin to 024V pin) 24V - 2A
Alarm in interface (ALR_IN+ to ALR_IN-) voltage 24V (*)
Alarm out interface (ALR_OUT_A, ALR_OUT_B) voltage 24 V (**)
Synchronization optical input connector reference HFBR-2521Z7
Synchronization optical output connector reference HFBR-1521Z7

Table 2. CSCPC rated values

(*) The alarm IN interface is used to stop IDPR operation. It must be permanently
supplied with 24 V dc between ALR_IN+ and ALR_IN-. The alarm is triggered once a 0

V is detected at the pins causing the CSCPC to stop the converter operation.

(**) The alarm OUT interface is wired to the normally open contacts of an internal 2A
relay. The relay is kept closed by the control subsystem during normal operation and it

is opened once an internal fault is detected.

In the case of the IDPR, outputs R, S, T and N are used for the grid interface. Outputs
A and B are wired to the positive terminal of the energy storage device, while BUS- is
wired to the negative terminal. C terminal is wired to N terminal and is used to balance
the BUS-to N and N to BUS+ bus voltage.

3.1.2 Cell structure

In Figure 3 the schematic of the cell is presented. It is mainly treated as six 50 A
current controlled sources, each consisting in two silicon carbide MOSFET legs. The
converter consists in 4 CREE CCS050M12CM2 modules. The DC link capacity is 21.6

mF in each side (upper and lower bus). The inductors are toroid made of KoolMu. The
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output voltages and currents of each unit are sensed in order to implement the current

loop.

7T8005iC J
CCS050M12CM2

pnalog signals

,,,,,,,,,, s —— ]

- [BUS+

Figure 3. CSCPC Schematic

The power MOSFETs are driven by a six-drive DRV-6D1W board, which is shown in
Figure 4. The function of this board is to provide six isolated positive/negative voltages

to turn on/off respectively the gate of the power transistors.

Figure 4. Driver board DRV-6D1W installed in the CSCPC

The output voltages/currents, and the DC bus voltages are sensed via 8 CDAO02-
500V100A boards. The board is presented in Figure 5.

The control PCB used is the CDA01-CU3 shown in Figure 6. It includes a DSP that is
responsible of the current control of the six units. The analog inputs are wired to the
sensing boards in order to acquire voltages and currents and calculate the duty cycles
of the converter. The PWM connector is wired back to the driver board in order to
switch the transistors. The setpoints and commands are received at the ethernet

physical layer, thanks to a specific protocol.
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The cell includes nine power terminals realising the six outputs of each unit, the
neutral, positive and negative point of the DC link. The Figure 7 show the CSCPC

design.

Figure 5. Sensing board CDA02-500V100A installed in the CSCPC

Figure 6. Control board CDA01-CU3 installed in the CSCPC
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Figure 7. CSCPC design picture

3.2 Central controller cell

The central controller cell conforms all other devices required to satisfy the
functionalities expected in an IDPR. This include the parts listed below:

= Central controller unit

= Protections

= |[solating relays

= Bus precharge and discharge circuits

= Sensors

= Internal communication ethernet switch

= External communication hardware.

The Figure 8 presents the schematic. At the top of the scheme the output interfaces of
the IDPR in terms of power and communications, are shown. At the left upper side
block (1), the grid connection will be tied to the secondary winding of the substation
transformer. The load side needs to be connected to the costumer low voltage
distribution lines. Note that the grid side and load side are bypassed inside the IDPR.
The grid interface of the IDPR begins this bypass wiring.. Moving down, it includes a
thermal-magnetic and differential protection (2), EMI filter (3), AC precharge circuit (4),
main AC relay (5) and the AC bus (6). Then, the three phases and neutral wiring is
output to the inter-cell power connection bus, linking with CSCPC outputs R, S, T and
N. The power stage explained above will carry the electric power from the grid to the

CSCPC or vice versa.
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This power comes back from terminals A, B and BUS- of the CSCPC again through the
inter-cell power connection bus. The points A and B are connected inside de CCC.
Moving up in the schematic, the DC power flows up to the battery connection. A DC
isolating relay (7), precharge circuit (8) and a manual switch (9) are also included. The
discharge circuit (10) is connected to the BUS+, BUS- and N terminals of the CSCPC
through the inter-cell power connection.

The control subsystem (11) central part is the control PCB. The voltage and current
sensors (green parts) provide the magnitudes of the grid and the battery.. The
communication hardware (blue parts) include a physical layer RS-485 for the external
communications and Ethernet for the internal communication link. The power supply
circuit (purple parts) consist in a 24 V power source for the control subsystem and the
CSCPC. A + 15 V power supply is also needed for the current and voltage sensors.
The input voltage range is 36 to 60 V.
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Figure 8. Central controller power cell schematic

The Figure 8 does not include the alarm circuit and auxiliary circuits for the relays
included in the CCC. This circuit is shown in Figure 9. The system alarm is managed
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with the purple marked alarm unit. In this unit, the alarm is triggered when a 0 V is seen
in AL-A2 inputs. If the alarm occurs, the contacts between 13-14, 23-24, 33-34 and
Y43-Y44 open. This contacts remain opened until the alarm is restored (cleared). The
restoration is done by a closed circuit between Y1 and Y2 and is only possible if 24 V

are seen in A1-A2 inputs, which means that the alarm condition is removed.

The OF1, SDE and SDV are auxiliary contacts of the P_MTD thermal-magnetic and
differential protection in Figure 8. OF1 status indicates the status (open/close) of the
main contacts, SDE indicates a trip (either thermal, magnetic or earth fault) and SDV
indicates an earth fault event.

In the circuit, the opening of any of the contacts in the closed circuit through A1-A2
causes an alarm event. These events are an open state of P_MTD (Auxiliary contact
OF1), the pushing of the emergency button or an alarm trip in any of the CSCPC.

In case of alarm, the 13-14 and 23-24 contacts are opened. This cause KE1 and KE2
coils to be unsupplied, opening its 31-34 NO contacts and closing 11-12 NC contacts.
This situation disconnects the 48 V voltage from the circuit on the bottom-right side of

the Figure 9 and enables the restoration.

K1, K2, K3, K4 and K5 are controlled by the digital outputs of the CONTRL_PCB, and
switch the control coils (blue marked) of the main AC and DC switches, AC and DC
precharge and AC bus connection. The discharge bus contactor logic is NC. When any
of the main or precharge relays is activated, the discharge contactor coil is supplied,

opening its contacts.

Once an alarm event occur, the 33-34 contact also opens. This cause that the alarm IN
interface of the CSCPC is unsupplied so all cells are able detect the event. The
contacts between Y43-Y44 also open. This points are wired to the control board in

order to send the alarm event.

In case of alarm, if the abnormal situation is solved, the A1-A2 voltage is restored to 24
V, but the 13-14 and 23-24 contacts are still opened. In that situation, the restoration

can be done by activating KRP with the control PCB corresponding digital output.
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Figure 9. IDPR alarm and auxiliary circuits
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4 Functional description

This section will explain the operational modes of the IDPR and the behaviour,

depending on different events or user inputs.

4.1 Operational modes and state diagram

In order to understand the operational modes and the benefits of installing an IDPR in a
secondary substation, it is important to keep in mind the 1l-wire schematic of the
system presented in Figure 10. At the top side, the MV grid is responsible of supplying
electricity to the system. SO will allow to disconnect the MV grid form the transformer.
In the LV side of the transformer, S1 is used to isolate the LV side of the distribution
line downstream of the secondary substation. The IDPR internally bypasses the LV
wiring down to the LV busbar, where the different LV lines are connected. At the same
time the IDPR power electronics operates in parallel with the low voltage grid, as seen
in Figure 8. The costumers are connected to the distribution lines and they are able to

connect both loads and DG.

MV grid

Secondary
substation

Loads, DG

Figure 10. IDPR installation schematic
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The operational modes of the IDPR are slave mode and master mode. In order to
manage the IDPR, a state diagram is implemented in the software. Both these modes

and the state diagram will be described in sections below.

41.1 Slave mode

In the slave mode, the voltage and frequency in the coupling point of the IDPR is
provided by another node connected upstream. The voltage and frequency reference
can be provided by the main grid or by another IDPR in master mode. The IDPR that
operates in the slave mode is controlled as a current source delivering or consuming
power, as stated by the provided setpoints. To start this mode, the grid must be
stabilized and inside the security window of voltage and frequency.

The IDPR operating in slave mode will provide some benefits that can be divided into 2

groups.

1. Improving power quality upstream of the coupling point of the IDPR. The loads
installed in the LV distribution lines have non unity power factor, harmonic
current consumption and unbalances between phases. The IDPR is able to set
free of this power quality issues both the distribution transformer and MV grid.

That implies a significant reduction in power losses.

2. Delivering active and reactive power to the system. Even if the current is totally
balanced and free of harmonic and reactive current, the power losses in the
transport of the energy can be improved by locally supplying active power
stored in the battery bank. This improvement is done thanks to the fact that this
energy have been generated and stored near to the loads so providing
significant savings in the transport losses. With a global monitoring of the grid,
the extra reactive injection can be also used to compensate other reactive

power generated in some points relatively close to the pilot area.

All these functionalities are restricted to the nominal limits of the IDPR and the eventual

limits of the battery bank, depending on the state of charge, temperature, etc.

41.2 Master mode

In the master mode, the IDPR generates a local voltage and frequency reference.

Since the IDPR is able to feed loads or store energy from the DG, this mode is disabled
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if no battery bank is installed in the IDPR. The IDPR will be able to locally keep the

voltage reference up to its nominal limits and storage battery restrictions.

When the master IDPR starts its operation, a section of the system is decoupled from
the main grid by the energy distribution operator. This is done thanks to the activation
of MV and LV switches installed in the pilot area. The master mode will start from a
zero voltage situation, after the grid fault location is determined. With a progressive
local grid energization consisting in a voltage ramp, the grid will be stabilized up to the
nominal values. During this process the loads are disconnected in order to avoid any
damage.

Only one IDPR is able to operate in master mode inside the local set, but one or more
IDPRs can operate in slave mode. The system operator is supposed to connect
costumers, DG and slave IDPRs allocated inside the same set progressively and
manage the corresponding setpoints of the devices in order to assure that the master
IDPR is able to guarantee the system stability.

4.1.3 State diagram

According to the description above, the main state diagram of the system is presented
in Figure 11. In this figure, bocks are representing states and arrows transitions. The
blue arrows represent transitions caused due to operator orders and the black ones are

caused by other events.

The IDPR is managed in 4 main states: STAND_BY, OPERATION, TURN_OFF and
IDPR_FAULT. The OPERATION state contains 5 sub-states called PRECHARGE,
READY, MASTER_MODE, SLAVE_MODE and GRID_FAULT. At the same time, in
order to facilitate the behaviour explanation of the IDPR, these sub-states are divided

into 3 groups:

= StartUp Operation Modes (SOMs): PRECHARGE and READY sub-states.

= Normal Operation Modes (NOMs): MASTER_MODE and SLAVE_MODE sub-
states

= Grid-Fault Operation Modes (GFOMSs): GRID_FAULT sub-state.

The sequence diagrams in Annex 1 of D3.1, specifies how the IDPR will switch from

one state to another depending on different events and situations.
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Figure 11. IDPR state diagram

The IDPR is in STAND_BY mode at the beginning. Under a TurnOnOrder command, it
comes into the OPERATION state. After the command, the IDPR will need a few
seconds to precharge the internal DC link. After this process is completed, the IDPR
gets the READY sub-state. The operation in master and slave modes can be started by
the included commands. Once a grid fault is detected it stops the operation and
reaches the GRID_FAULT mode. The device can be restarted to get ready again for
operation. The process to shut down the system takes a few seconds on the
TURN_OFF state. Once the turn off is completed the system goes back to the
STAND_BY state. Under any internal fault of the IDPR it will be driven to IDPR_FAULT

state. The Table 3 describe the events represented in black arrows in the Figure 11
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Nomenclature

Event description

BusOk

The internal DC-link voltage is reasonable according to the grid and battery
voltage. The voltage is stabilized inside the expected window of time since
the precharge have started

GridParametersViolationSl

Grid rms voltage or frequency is out of the security window. The event is
triggered by a magnitude and duration measurement.

GridParametersViolationMa

Options:

= The grid is not off at the beginning of the start-up operation

= The IDPR is not able to set the voltage and/or frequency during the
start-up operation.

= During the operation, grid rms voltage or frequency is out of the security
window. The event is triggered by a magnitude and duration
measurement.

IdprError

Any of the errors listed in Table 4.

TurnOffOk

No errors found during turn off operation. The turn off is completed inside

the expected time window.

Table 3. IDPR event description

The Table 4 lists the errors that cause the IdprError event.

Nomenclature | Active

Error description

Over Voltage Always

Bus+, bus-, phase R, phase S, phase T or battery
over voltage.

Under Voltage | READY,
SLAVE_MODE and
MASTER_MODE
status

Bus+, bus-, phase R, phase S, phase T or battery
under voltage

Over Current Always

Over current in any of the next positions:
- Phase R, S, T, A, B and/or C legs in any
CSCPC.
- Load current in phase R, S and/or T.
- IDPR current in phase R, S and/or T.
- Battery current

Over Always Any power module or output choke over

Temperature temperature

Pre-charge PRECHARGE status After the pre-charge time window, the bus voltage
is not stable or its value is less than expected
according to the grid and battery voltages.

Discharge TURN_OFF status After the discharge time window, the discharge

circuit has not been able to discharge the DC bus.

Main breaker Always

The main breaker P_MTD (see Figure 8) have

off been manually opened.
Emergency Always The emergency button have been pressed.
button

Main breaker Always
default
(overload)

The main breaker P_MTD (see Figure 8) have
been opened due to an overload or short circuit
fault.

Main breaker Always
default 2
(ground
default)

The main breaker P_MTD (see Figure 8) have
been opened due to a ground fault.
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Safety relay Always A trip event is triggered in the EMEGENCY_STOP
error unit (see Figure 9).
Modulation READY, Converter error due to a desaturation in any power

SLAVE_MODE and MOSFET or an error in the PWM synchronization.
MASTER_MODE
status

Reserved Reserved Up to 4 new events can be included during
validation tests.

Table 4. IDPR Error list and description

4.2 |IDPR functionalities

Five type of elements/objects are defined to operate an IDPR: parameters,
configuration objects, monitoring functions, handling/command functions and statistics
functions. The following lines describe in what consists the aforementioned elements.
The proper description of these objects will allow to map the interfacing data model that

will be used during the operation of the functional prototype.

4.2.1 Parameters

A parameter is defined as a value that is pre-configured in the IDPR and there is no
possibility to change it during operation. However, for other sub-systems this
information could be necessary, for instance, the EMS requires to know the thresholds
and rated values of the different IDPRs located in the system. To change a parameter
has to be done locally and without power. The proposed parameters are:

= An unambiguous and unique identifier of the IDPR
» The software version that incorporates each unit
= The operational limits and rated values

Thus, a parameter is an only read value defined by words (more than 1 bit).

4.2.2 Configuration

The configuration of the IDPR includes variables that can be changed externally via
industrial communications in order to change, manually or automatically, some of their

values during operation. Basically are divided into two types:

= Synchronization. Allow to synchronize an external reference clock with the
internal clock of the IDPR. This is done by writing the date and time values

in the corresponding registers.
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= Limits. Allow to fix limits to operate the battery (if connected) or
reconditioning the output current per phase at the AC side. Other limits

could be considered along the project.

A configuration object is a read/write value defined by words (more than 1 bit)

4.2.3 System monitoring functions

The system monitoring objects allow to get data of the current process when the
system is in any operational state. There are different groups:

= Measured magnitudes: voltage, current, frequency, temperature
= Computed magnitudes: active/reactive power

= Externally obtained magnitudes (mainly related with the battery): SoC,

voltage, current
= Process: IDPR scale factors, states and sub-states, errors and alarms

This type of data are only read values. Depending on the object are defined by bits or
by words (more than 1 bit)

424 Command functions

The command functions are the objects that allow to an external system to give targets

to an IDPR. It has been considered:

= Setpoints. References of active/reactive power when the system is operating in
slave mode or voltage and frequency when the system is operating in master

mode.
=  Commands:

o Commands: Allow to manage the system test handle: start/stop/reset,
alarm validation (provides an alarm acknowledgment that will reset all
internal error flags) and enables for the different proposed sub-functions:
harmonic compensation, unbalance correction capability and reactive

dispatching for power factor correction.

o Orders: allows to force one of the transitions or events presented in

Figure 11 along section 4.

This type of data are read/write values. Depending on the object are defined by bits or

by words (more than 1 bit).
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4.2.5 Statistics functions

To provide some statistic information it has been considered to add different objects

that allow to control and save data of long-time operation or critical information.
= Long-time operation:
0 Total energy delivered/consumed by the IDPR
0 Total energy consumed by the aggregation of local loads

= Critical information: if any error occurs, a non-volatile memory allows to save
different successes to have an historical of operation information when the
problem disappears.

0 Up to 32 (16bits) registers are used for critical events
= Data reference for statistic information
0 Total operating time
0 Last statistic reference (Year/month/day & Hour/minute/second)
= Statistic handles
0 Reset of the saved normal operation statistics
0 Reset of the saved critical information
o Last critical event referenced to the number of critical events saved
0 Load specific critical event

This type of data are read/write values. Depending on the object are defined by bits or

by words (more than 1 bit).

5 Interfacing

Table 5 describes in detail all the data map proposed, according with section 4.2. The

different objects has been divided in:
= Input registers: 16 bits read elements
= Holding register: 16 bits read/write elements

= Discrete input registers: 1 bit read elements
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This designation is based on what is proposed in Modbus-RTU due to this classification

matches with the type of data required. Since this communication is implemented in the

SS, no security is needed.

<

Y18 @

= o %]

§ i Bit g Unit Function
3|8 :

<

1 IDPR Software Revision R - Parameters

2 IDPR Serial Number R - Parameters

3 IDPR rated power (Parameter) R 0.01kw Parameters

4 Rated AC side current (Parameter) R 0.1A Parameters

5 Rated AC side Voltage (Parameter) R \Y Parameters

6 Rated AC side frequency (Parameter) R 0.01Hz Parameters

7 Maximum AC Voltage (Parameter) R \% Parameters

8 Minimum AC Voltage (Parameter) R \% Parameters

9 Maximum AC frequency (Parameter) R 0.01Hz Parameters

A Minimum AC frequency (Parameter) R 0.01Hz Parameters

B Rated DC side current (Parameter) R 0.1A Parameters

C Rated DC side Voltage (Parameter) R Y Parameters

D Maximum DC Voltage (Parameter) R Y Parameters

E Minimum DC Voltage (Parameter) R Y Parameters

F Input_Reserved0 (additional parameters) R Parameters

e . R Parameters
18 Input_Reserved9 (additional parameters) R Parameters
19 | o | Rated apparent power scale factor R 0.01pu Syst. Monitoring
1A _‘qz'; DC bus Voltage 1 R \Y Syst. Monitoring
1B é‘? DC bus Voltage 2 R \Y Syst. Monitoring
1C ‘g’_ Air temperature R 0.01-°C Syst. Monitoring
1D | £ | Maximum IDPR power module temperature R 0.01-°C Syst. Monitoring
1E IDPR power module temperature CCSPC1_C1 R 0.01-°C Syst. Monitoring
1F IDPR power module temperature CCSPC1_C2 R 0.01-°C Syst. Monitoring
20 IDPR power module temperature CCSPC1_C3 R 0.01-°C Syst. Monitoring
21 IDPR power module temperature CCSPC1_C4 R 0.01-°C Syst. Monitoring
22 IDPR power module temperature CCSPC2_C1 R 0.01-°C Syst. Monitoring
23 IDPR power module temperature CCSPC2_C2 R 0.01-°C Syst. Monitoring
24 IDPR power module temperature CCSPC2_C3 R 0.01-°C Syst. Monitoring
25 IDPR power module temperature CCSPC2_C4 R 0.01-°C Syst. Monitoring
26 IDPR Active Power, Phase A R 0.01kw Syst. Monitoring
27 IDPR Reactive Power, Phase A R 0.01kVAR Syst. Monitoring
28 IDPR Active Power, Phase B R 0.01kw Syst. Monitoring
29 IDPR Reactive Power, Phase B R 0.01kVAR Syst. Monitoring
2A IDPR Active Power, Phase C R 0.01kwW Syst. Monitoring
2B IDPR Reactive Power, Phase C R 0.01kVAR Syst. Monitoring
2C LOAD Active Power, Phase A R 0.01kwW Syst. Monitoring
2D LOAD Reactive Power, Phase A R 0.01kVAR Syst. Monitoring
2E LOAD Active Power, Phase B R 0.01kwW Syst. Monitoring
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2F LOAD Reactive Power, Phase B R 0.01kVAR Syst. Monitoring
30 LOAD Active Power, Phase C R 0.01kw Syst. Monitoring
31 LOAD Reactive Power, Phase C R 0.01kVAR Syst. Monitoring
32 GRID Active Power, Phase A R 0.01kwW Syst. Monitoring
33 GRID Reactive Power, Phase A R 0.01kVAR Syst. Monitoring
34 GRID Active Power, Phase B R 0.01kwW Syst. Monitoring
35 GRID Reactive Power, Phase B R 0.01kVAR Syst. Monitoring
36 GRID Active Power, Phase C R 0.01kwW Syst. Monitoring
37 GRID Reactive Power, Phase C R 0.01kVAR Syst. Monitoring
38 BAT Power R 0.01kwW Syst. Monitoring
39 PCC RMS Voltage, Phase A R \% Syst. Monitoring
3A PCC RMS Voltage, Phase B R Y Syst. Monitoring
3B PCC RMS Voltage, Phase C R Y Syst. Monitoring
3C PCC Frequency R 0.01Hz Syst. Monitoring
3D Voltage, Battery R Y Syst. Monitoring
3E Current, Battery R 0.1A Syst. Monitoring
3F SOC, Battery R % Syst. Monitoring
40 IDPR STATE R Syst. Monitoring
41 IDPR SUBSTATE R Syst. Monitoring
42 IDPR Total Active energy (MSB) R 10-kWh Statistics
43 IDPR Total Active energy (LSB) R 10-kWh Statistics
44 LOAD Total Active energy (MSB) R 10-kWh Statistics
45 LOAD Total Active energy (LSB) R 10-kWh Statistics
46 Total Operating Time Hours R hours Statistics
a7 Total Operating Time Minutes R min Statistics
48 Last Statistics Reset Date Year R year-2000 Statistics
49 Last Statistics Reset Date Month R month Statistics
4A Last Statistics Reset Date Day R day Statistics
4B Last Statistics Reset Date Hour R hours Statistics
4C Last Statistics Reset Date Minute R min Statistics
4D Event memory number (Indicates last important event) R Statistics
4E MEMORY DATA 0 R Statistics
. . R Statistics
6E MEMORY DATA 32 R Statistics
6F Input_Reserved10 R -
13E Input_Reserved207 R -
13F IDPR ErrorsO R IDPR ErrorsO | Syst. Monitoring
140 IDPR Errorsl R IDPR Errorsl | Syst. Monitoring
141 | o | IDPR Errors2 R IDPR Errors2 | Syst. Monitoring
>
142 | 2| IDPR Errors3 R IDPR Errors3 | Syst. Monitoring
143 % IDPR Errors4 R IDPR Errors4 | Syst. Monitoring
144 g IDPR Errors5 R IDPR Errors5 | Syst. Monitoring
145 | B Discrete_Input_reserved 0 R -
14D Discrete_Input_reserved 8 R -
14E Date Year R/W year-2000 Configuration
14F Date Month R/W month Configuration
150 5 Date Day R/W day Configuration
151 '% Date Hour R/W hours Configuration
]
152 | & | Date Minute R/W min Configuration
[o2
153 % Date Second R/W sec Configuration
154 % Event memory number R/W Syst. Monitoring
155 Maximum AC current per phase (Configuration) R/W 0.1A Configuration
156 Min SoC Allowed (Configuration) R/W % Configuration
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157 Max SoC Allowed (Configuration) R/W % Configuration
158 Maximum charging current (Configuration) R/W 0.1A Configuration
159 Maximum discharging current (Configuration) R/W 0.1A Configuration
15A Total Active Power R/W 0.01kwW Command
15B Total Reactive Power R/W 0.01kVAR Command
15C Voltage PCC R/W \% Command
15D Frequency PCC R/W 0.01Hz Command
15E Holding_reserved0 R/W | -

R/W | -

17F Holding_reserved33 R/W | -

180 Commands 1 R/W | Commands 1 |Command
181 Order 1 R/W Order 1 Command
182 | » | DataOrder 1 R/W | DataOrder 1 | Statistics

183 8 Coil_reserved0 R/W | -

R/W | -
18C Coil_reserved9 R/W | -

Table 5. IDPR data map

6 IDPR experimental set up

After the CSCPC design has been completed, the construction has been
addressed, including the purchasing of the components and completing the
assembly of all parts. The Figure 12 shows some pictures of the results.

Figure 12. CSCPC set up process
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The central controller cell parts have been already assembled and integrated
together with the CSCPCs. The Figure 13 shows some pictures of the assembly
process.

Figure 13. CCC set up process
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