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REF-10KW3LNPC2Q

About this document

Scope and purpose

This user guide describes the NPC2 inverter reference design REF-10KW3LNPC2Q with its main features, key
data, pin assignments, mechanical dimensions, and electrical interfaces.

Intended audience

This user guide is meant for engineers and technical specialists working on solar photovoltaic and energy
storage solutions and similar domains. The concept of this power conversion reference design is modular so
that the hardware can also be reused for various other power converter applications and use cases.

Reference design

This reference design is not a qualified and certified commercial product. The hardware does not necessarily
meet any safety, EMI, or quality standard (for example, UL, CE) requirements.

Figure 1 Power conversion board REF-10KW3LNPC2Q

Note: PCB and auxiliary circuits are NOT optimized for final customer design. Please read the “Important
notice” and the “Safety precautions” sections in this document.
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Important notice

Important notice

“Evaluation Boards and Reference Boards” shall mean products embedded on a printed circuit board
(PCB) for demonstration and/or evaluation purposes, which include, without limitation, demonstration,
reference and evaluation boards, kits and design (collectively referred to as “Reference Board”).

Environmental conditions have been considered in the design of the Evaluation Boards and Reference
Boards provided by Infineon Technologies. The design of the Evaluation Boards and Reference Boards
has been tested by Infineon Technologies only as described in this document. The design is not qualified
in terms of safety requirements, manufacturing and operation over the entire operating temperature
range or lifetime.

The Evaluation Boards and Reference Boards provided by Infineon Technologies are subject to functional
testing only under typical load conditions. Evaluation Boards and Reference Boards are not subject to the
same procedures as regular products regarding returned material analysis (RMA), process change
notification (PCN) and product discontinuation (PD).

Evaluation Boards and Reference Boards are not commercialized products, and are solely intended for
evaluation and testing purposes. In particular, they shall not be used for reliability testing or production.
The Evaluation Boards and Reference Boards may therefore not comply with CE or similar standards
(including but not limited to the EMC Directive 2004/EC/108 and the EMC Act) and may not fulfill other
requirements of the country in which they are operated by the customer. The customer shall ensure that
all Evaluation Boards and Reference Boards will be handled in a way which is compliant with the relevant
requirements and standards of the country in which they are operated.

The Evaluation Boards and Reference Boards as well as the information provided in this document are
addressed only to qualified and skilled technical staff, for laboratory usage, and shall be used and
managed according to the terms and conditions set forth in this document and in other related
documentation supplied with the respective Evaluation Board or Reference Board.

It is the responsibility of the customer’s technical departments to evaluate the suitability of the
Evaluation Boards and Reference Boards for the intended application, and to evaluate the completeness
and correctness of the information provided in this document with respect to such application.

The customer is obliged to ensure that the use of the Evaluation Boards and Reference Boards does not
cause any harm to persons or third-party property.

The Evaluation Boards and Reference Boards and any information in this document is provided "as is"
and Infineon Technologies disclaims any warranties, express or implied, including but not limited to
warranties of non-infringement of third-party rights and implied warranties of fitness for any purpose, or
for merchantability.

Infineon Technologies shall not be responsible for any damages resulting from the use of the Evaluation
Boards and Reference Boards and/or from any information provided in this document. The customer is
obliged to defend, indemnify and hold Infineon Technologies harmless from and against any claims or
damages arising out of or resulting from any use thereof.

Infineon Technologies reserves the right to modify this document and/or any information provided
herein at any time without further notice.
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Safety precautions

Safety precautions

Note: Please note the following warnings regarding the hazards associated with development systems

Table1 Safety precautions

Warning: The DC link potential of this board is up to 1000 VDC. When measuring
voltage waveforms by oscilloscope, high voltage differential probes must be used.
Failure to do so may result in personal injury or death.

Warning: controller board must be connected to the main power board before
powering the DC bus.

Warning: The evaluation or reference board contains DC bus capacitors which take
time to discharge after removal of the main supply. Before working on the system, wait
five minutes for capacitors to discharge to safe voltage levels. Failure to do so may
result in personal injury or death. Darkened display LEDs are not an indication that
capacitors have discharged to safe voltage levels.

Caution: The heat sink and device surfaces of the evaluation or reference board may
become hot during testing. Hence, necessary precautions are required while handling
the board. Failure to comply may cause injury.

Caution: Only personnel familiar with power electronics should plan, install,
commission and subsequently service the system. Failure to comply may result in
personal injury and/or equipment damage.

Caution: The evaluation or reference board contains parts and assemblies sensitive to
electrostatic discharge (ESD). Electrostatic control precautions are required when
installing, testing, servicing or repairing the assembly. Component damage may result
if ESD control procedures are not followed. If you are not familiar with electrostatic
control procedures, refer to the applicable ESD protection handbooks and guidelines.

Caution: The reference board is shipped with packing materials that need to be
removed prior to installation. Failure to remove all packing materials that are
unnecessary for system installation may result in overheating or abnormal operating
conditions.

> B bR
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1 The power conversion board at a glance

1.1 Introduction

REF-10KW3LNPC2Q is a three-phase, three-level NPC2 inverter and comes as an integrated kit that includes
different boards to help users build and operate an NPC2 inverter power stage. The kit includes:
e REF-10KW3LNPC2Q_MB: The NPC2 inverter power stage motherboard that integrates EMI filters and DC-
link capacitors
e REF-10KW3LNPC2Q_GDB: A gate driver board with a three-phase drive, and four-channel per phase for
each leg of the NPC2 type
e PB-APS-24V-5V ISO: An isolated auxiliary power supply

Users can also get an XMC7200-based control board separately. This board comes with signal-conditioning
circuits, a power conversion software, and a GUI that enables the users to operate the inverter either in open-
loop, V/F mode, or P/Q mode configurations.

The XMC7200 control board is available under the name REF-CLBXMCT7PEC.

1.2 Top-level specifications
Table 2 Specifications
Parameter Conditions Value Unit
min. typ. max.
Input (DC)
Max. DC link voltage - - 1000 | Volt
Operational DC link voltage DC voltage - 660 850 Volt
Output
Grid connection 30 -
Rated AC output power Ta=45°C; derating - - 10000 | Watt
above 45°C up to 60°C
Maximum output power / Ta=45°C; derating - 11000 12000 | Watt
rated apparent power above 45°C up to 60°C
Rated AC output current Vout=380V&Ta=45°C |- - 15.2 Amp
Rated AC output current Vout=400V&Ta=45°C |- - 145 | Amp
Maximum AC output current Vout=380V&Ta=45°C |- - 18.2 Amp
Rated AC output voltage 3/N/PE, 220 /380 &230/400 Volt
Grid frequency range 50 - 60 Hz
power factor 0.8 1.0 -
Maximum total harmonic <3 - - %
distortion
Gate driver / controller data
Input voltage for gate driver - 24 - Volt
power supply
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Input power supply Gate driver primary, - 5 - Volt
sensing and processing
circuit
Switching frequency Control algorithm: - - 48 kHz
SVPWM
Protection
Over-current protection Peak, it should 30 - 36 APeak
adjustable
Overvoltage protection for DC bus - 890 - Volt
Over-temperature protection Required, via ambient 60 °C
(Ambient) temperature
measurement (PCB)
Over-temperature protection Required, via power 100 °C
(Case) device case
temperature
measurement
General data
Operating temperature above 45 °C current -25 - 60 °C
derating
Cooling Natural convection -
Note: The default configuration for the DC-bus overvoltage protection on the XMC7200 control card, REF-

CLBXMCTPEC, is set to 890 V. If this card is used for operating the NPC2 power conversion board,
any voltage exceeding this threshold will trigger the overvoltage protection mechanism.
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1.3 Key design building blocks

PC

X201
Control board X505
REF-CLBXMCT7PEC CAN

Basic interface Enhance interface -Control  Enhance interface -Measure Extend interface Extemnnal /0

REF-10KW3LNPC2Q_GDB

Gate driver _A Gate driver _B Gate driver _C

CH4 CH3 CH2 CH1 X2 CH4 CH3 CH2 CH1 X2 CH4 CH3 CH2 CH1 X2

X43 X42 X41 X40 X39 X48 X44 X46 X45 X39 X52 X51 X50 X49 X39 X44 X53 X7 X10 X4 FAN1 FAN2 FAN3

DC-link capacitors Main power LCL and EMI filters

X29  X32 X24  X5T  X58 FAN1 FAN2 FAN3

REF-10KW3LNPC2Q_MB

CH1  CH2 CH1  CH2
24V-5V2A 24V-5V2A

Isolated Aux Isolated Aux

power supply power supply
PB-APS-24v-5V 150 [l PB-APS-24V-5V IS0

Figure2  Functional block diagram for NPC2 inverter

Figure 2 shows how the different boards are connected to construct the NPC2 inverter. The main power board
with integrated DC-link capacitors, power switches, sensing and LCL and EMI filters is in the center. A three-
phase gate driver board is mounted on the top of the power board. An isolated power supply subsidiary card is
also mounted on the top of the power board to provide an isolated 5 V rail.

Figures 3,4, and 5 show these componentsindividually - REF-10KW3LNPC2Q_MB, REF-10KW3LNPC2Q_GDB, and
PB-APS-24V-5V I1SO.
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Figure3  Main Power Stage

Figure4  Gate Driver Card
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Figure5  24V-5V Isolated Auxiliary Power Supply Card

14 Preferred components

CoolSiC™ G1 ' CoolSiC™ G2

ée]

P ey

Aux supply and current sensor

e

Figure 6 Key Infineon components in 10kW NPC2 Power Conversion Board
Note: Figure 6 shows the main Infineon products offered in the 10 kW NPC2 inverter reference design.
e Power semiconductors:

o 1200V CoolSiC MOSFET in Q-DPAK: IMCQ120R040M2H

o 750V CoolSiC MOSFET in Q-DPAK: IMDQ75R040M1H

e Gatedriver:

o Single channelisolated gate driver with 2-level slew rate control: LED3240MC12H
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e Currentsensor:

o XENSIV™ magnetic current sensor: TLE4978-R050W5-0-S0010
e Auxiliary power supply:

o 2EP130R: Full-bridge transformer driver

o IRS27952: Half-bridge controller IC

o IRF7351: 60V dual N-channel HEXFET power MOSFET
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2 Functional description of the board

This chapter lists the features available for the 10 kW NPC2 inverter reference design.

Ty el

IMCQ120R040M2H

IMDQ75R040M1H ‘U‘Jg} U‘JE\}‘L“JEB
=4 L e s
TT | Fﬁ‘—‘?
- | 2
== 7 9
= [l

Figure 7 Block diagram of REF-10KW3LNPC2Q

2.1 Description of the functional blocks

2.1.1 Switching devices

The inverter stage is realized using the CoolSiC™ MOSFET in the Q-DPAK products IMCQ120R040M2H and
IMDQ75R040M1H.

Figure 8 IMCQ120R040M2H and IMDQ75R040M1H
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IMCQ120R040M2H belongs to the CoolSiC™ G2 family and IMDQ75R040M1H belongs to the CoolSiC™ G1 family.

They come in the innovative top-side cooled Q-DPAK package that is specifically designed for a wide use in
industrial applications. Top-side cooled (TSC) Q-DPAK power packages are a promising solution to improve
thermaland electrical performance. These packages also help increase power density and reduce manufacturing
effort.

2.1.2 Gate driver

'
GHD_28v. " ud
' I
' '
' + = -
i N
' Half bridge converter I r
1 IRS27952 o 2EP130R
'
' '
] I
' I

'
' '
'-I Board to board connector |-' [ -_I Board to board connector I- -2

Figure 9 Functional block diagram of the gate driver card

The gate driver board contains a three-phase drive, and four output channels per phase for each leg of the
NPC2 type. The gate driver used on this board is LED3240MC12H.

Figure10 1ED3240MC12H

1ED3240MC12H belongs to the EiceDRIVER™ 2L-SRC Compact 1ED32xx family and is a single-channel, isolated
gate driver with a two-level slew-rate control (2L-SRC). It features a typical 10 A sinking and sourcing peak output
current in a DSO-8 wide-body package with a large creepage distance (> 8 mm) for IGBTs, MOSFETSs, and SiC
MOSFETSs. Two separate outputs help in controlling two independent gate resistances for both turn-on and turn-
off, thus enabling the two-level slew-rate control. The driver can operate over a wide range of supply voltage,
both unipolar and bipolar.
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Figure 11  Gate driver card schematic for one phase (A, B, and C phases are all the same)

The 24V voltage and PWM signals come from the power board and are used as an input to the gate driver board.
The 24 Vis then stepped down and used as an input to the 2EP130R full-bridge transformer driver. A transformer
is then used to provide functional isolation. 18 V and -2 V voltages are generated on the rectifier side to be used
as the positive and negative voltage for driving the SiC MOSFETs on the power board. The gate resistors are
located on the power board.

2.1.3 Internal power supplies

Users must provide an external 24 V voltage to the power board, and the gate driver card is powered by the
power board. The 24V voltage is fed to a power supply card that generates an isolated voltage of 5V. The

isolated 5V is fed to the primary side of the gate driver. The 24 V is fed to the gate driver card that generates
theisolated 18 V/-2 V needed to drive the SiC MOSFETs.
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Figure 12 Auxiliary power supply tree
Table3 Specifications of the power supply card

Parameter Minimum Typical Maximum Unit
Input voltage 21.6 24 26.4 Ve
Input current 0.5 A
Output voltage 4.75 5 5.25 Ve
Output current 2 A
Switching frequency 226 kHz
Half-bridge IC used IRS27952 -

The specifications of the power supply card are listed in Table 3.
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Figure 13  Schematics of the power supply card
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Figure 14 Functional block diagram of the measurement signals on the power board

As shown in Figure 14, this is a functional block diagram of the sampling and protection section, which includes
current sense, voltage sense, temperature sense, and connectors.

2.1.4.1 Current sense

The inductor currents are measured using the TLE4978-R050W5-0-S0010 current sensor.

TLE4978-R050W5-0-S0010 is a new highly accurate, high-bandwidth coreless current sensor IC from Infineon. It
is based on the Hall effect and coil-current sensing with user-configurable overcurrent detection (OCD) and zero
crossing detection (ZCD) features. Infineon’s well established and robust magnetic sensing technology enables
accurate and highly linear measurement of currents with full-scale current of up to +50 A.
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Figure 15

2.1.4.2

Current sense circuit

Voltage sense

The DC-link voltages are measured on the power board.

WARNING: The controller board must be connected to the main power board before the power board is
switched on. Failure to do so can lead to a hazardous situation.

DC BUS Voltage Sense
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Figure 16

2.1.4.3

DC-bus voltage sense

Temperature sense

Three temperature measurements are provided on the power board using NTCs. The NTCs can be connected to
the heat sink to measure the temperature and feed it back to the connector that is connected to a control

board.
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Two NTC thermistors are used for temperature monitoring: NTC3 measures the temperature of the heatsink,

while NTC1 monitors the ambient temperature. If the ambient temperature rises above the predefined

threshold, forced cooling and power derating will be activated. Additionally, the system will shut down if the
heatsink temperature reaches 100°C.
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Figure 17

2.1.4.4

Temperature sensing circuit

Fault and latch circuit

Fault and latch circuits are provided to disable the PWMs in the case of a fault event. Figure 70 shows the fault
and latch circuit.
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Figure 18  Fault and latch circuit

2.1.5 Fan control schematic

Additional fan control circuits are provided in case forced air cooling is required during evaluation.
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Figure 19 Fan control circuits
2.1.6 Connectors
2.1.6.1 Enhanced interface_control
Connector X44 contains all the signals related to the PWMs, faults, and relay control.
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Figure20 Enhanced interface_control
Table 4 Extended interface-voltage sense
Basic interface
Pin Signal Description
1 +5VD Digital power
2 +5VD Digital power
3 DGND Digital power
4 DGND Digital power
5 PWM_uC_A_S1 Phase AT1 PWM
6 PWM_uC_A_S3 Phase AT3 PWM
7 PWM_uC_A_S4 Phase AT4 PWM
8 PWM_uC_A_S2 Phase AT2 PWM
9 PWM_uC_B_S1 Phase B T1 PWM
10 PWM_uC_B_S3 Phase B T3 PWM
11 PWM_uC_B_S4 Phase B T4 PWM
12 PWM_uC_B_S2 Phase B T2 PWM
13 PWM_uC_C_S1 Phase CT1 PWM
14 PWM_uC_C_S3 Phase C T3 PWM
15 PWM_uC_C_S4 Phase C T4 PWM
16 PWM_uC_C_S2 Phase C T2 PWM
17 NC NC
18 NC NC
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19 NC NC

20 NC NC

21 NC NC

22 NC NC

23 NC NC

24 PWM_uC_FAN_CTRL NPC2 FAN control

25 INV_OCD Inverter side Over Current Protection
27 Grid_OCD Grid-side Over Current Protection
30 Select NPC/B6 Selection of a different topology
31 PWM_KILL PWM kill

32 NC NC

33 PWM_uC_INF_A Phase A gate driver control

34 PWM_uC_INF_B Phase B gate driver control

35 PWM_uC_INF_C Phase C gate driver control

36 RLY_Ctrl_Al Grid phase A relay control

37 RLY_Ctrl_B1 Grid phase B relay control

38 RLY_Ctrl_C1 Grid phase C relay control

39 RLY_Ctrl_N1 Grid phase N relay control

40 RLY_Ctrl_A2 Bypass phase A relay control

41 RLY_Ctrl_B2 Bypass phase B relay control

42 RLY_Ctrl_C2 Bypass phase C relay control

43 RLY_Ctrl_N2 Bypass phase N relay control

44 RLY_Ctrl_A3 Inverter phase A relay control
45 RLY_Ctrl_B3 Inverter phase B relay control
46 RLY_Ctrl_C3 Inverter phase C relay control
47 RLY_Ctrl_N3 Inverter phase N relay control
48 RLY_Ctrl_AUX Pre-charge relay control

49 SCL Gate driver config (if required)
50 SDA Gate driver config (if required)
2.1.6.2 Enhanced Interface_measure

All the measurement signals are fed to the control board using the X53 connector located on the power board.
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Table5 Enhanced interface_measure
Basic interface

Pin Signal Description

1 +5VA Analog power

2 +5VA Analog power

3 AGND Analog power

4 AGND Analog power

5 INV-A_AOUT Inverter phase A current P

6 Grid-A_VREF Grid phase A current N

7 INV-B_AOUT Inverter phase B current P

8 Grid-A_VREF Grid phase A current N

9 INV-C_AOUT Inverter phase C current P

10 Grid-A_VREF Grid phase A current N

11 Grid-A_IN_P Grid phase Avoltage P

12 Grid-A_IN_N Grid phase Avoltage N

13 Grid-B_IN_P Grid phase B voltage P

14 Grid-B_IN_N Grid phase B voltage N

15 Grid-C_IN_P Grid phase C voltage P

16 Grid-C_IN_N Grid phase C voltage N

17 Grid-A_AOUT Grid phase A current P

18 Grid-A_VREF Grid phase A current N

19 Grid-B _AOUT Grid phase B current P
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20 Grid-A_VREF Grid phase A current N
21 Grid-C_AOUT Grid phase C current P
22 Grid-A_VREF Grid phase A current N
23 INV-A_IN_P Inverter phase A voltage P
24 INV-A_IN_N Inverter phase A voltage N
25 INV-B_IN_P Inverter phase B voltage P
26 INV-B_IN_N Inverter phase B voltage N
27 INV-C_IN_P Inverter phase C voltage P
28 INV-C_IN_N Inverter phase C voltage N
29 NC NC
30 NC NC
31 NC NC
32 NC NC
33 NC NC
34 NC NC
35 DC+_IN_P Bus+ voltage P
36 DC-_IN_N1 Bus+ voltage N
37 INV-MID_IN_P Bus- voltage P
38 DC-_IN_N2 Bus- voltage N
39 NC NC
40 NC NC
41 NC NC
42 NC NC
43 NTC1 NTC1
44 NTC2 NTC2
45 NTC3 NTC3
46 NC NC
47 +5VA Analog power
48 +5VA Analog power
49 AGND Analog power
50 AGND Analog power
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3 Converter control design
3.1 Converter topology and its switching strategy

3.1.1 Introduction to the NPC2 inverter

REF-10KW3LNPC2Q consists of three legs connected in parallel, each arm containing two SiC MOSFETs, and
two clamping diodes. A key feature is the neutral point (NP) - a central node between the DC-link capacitors
that serves as a reference voltage for clamping. The circuit diagram for the NPC2 inverter is shown in Figure 22.
Parasitic circuits of the inductor and capacitor have been ignored, and the switch and diode have been
assumed to be the ideal devices for further mathematical analysis.

Q_wé ael OCQ%
V BUS U

f R - —
Qa2 l L ans
N , ; i - e B
aez ) f a_B3 "
ol — M - C
0o [Foc " i i _L
V_BUS D O"oﬂ% OB Q—i‘!% Ct _‘, b

Figure22  Circuit diagram of an NPC2 inverter

3.1.2 NPC2 switching strategy

For an NPC2 three-level topology, the entire sinusoidal period can be divided into positive and negative AC
cycles. In the positive AC cycle, the Q1 switch works complementarily with the Q3 switch in each switching
cycle. The Q2 switch is always ON and the Q4 is always OFF.

<l
-

Voref

Figure 23  The positive cycle

The current flow in the positive AC cycle is shown in Figure 24.
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Figure 24  Current flow in the positive AC cycle

In the negative AC cycle, the Q4 switch works complementarily with Q2 in each switching cycle. The Q3 switch is
always ON and Q1 is always OFF.
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Figure25 The negative cycle
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The current flow in a negative AC cycle is shown in Figure 26.

 ———
|
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Figure26  Current flow in the negative AC cycle

Figure 27 shows how the pulse-width modulation (PWM) signals look like when deriving the switching
sequences described in the previous section. Sinusoidal PWM is used. Uref (orange) is the PWM reference signal
for generating the switching sequence for Q1 to Q4. Urefl3 (green) is the PWM reference signal for generating
the switching sequence for Q1 to Q3 during the positive AC cycle. Uref42 (red) is the PWM reference signal for
generating the switching sequence for Q4 to Q2 during the negative AC cycle.
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— PWM Carrier Urefl3 T N

AV
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Figure 27  Switching sequence

User guide 26 of 80 V1.0
25-12-23



o _.
10 kW 3-level NPC2 inverter reference design In f| neon
Converter control design

3.2 Control mode and control loop design

3.2.1 Introduction to the control mode

Figure 28 demonstrates the basic control diagram of an NPC2 inverter. It consists of outer loop control, current
control loop (based on dq axis), and neutral voltage control. The outer loop control supports both V/F control
mode and P/Q control mode, the V/F control mode which operates under grid off condition, and the P/Q
control mode operates under grid-tied condition. The outer loop control will choose the corresponding control

loop accroding to the control mode setting on GUI. These control blocks allocate resources in different tasks
based on priorities.
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Figure28 REF-10KW3LNPC2Q application overview

Figure 29 shows the features and specification of the application.

Open loop ctrl SPWM Pout 10 kW(12kW max)
P/Q ctrl M'”'”'I'.”"_‘ pulse Vin 650~ 950 Vdc
imit
V/F Ctrl DC balance ctrl SW 48 kHz
frequency
protection UART Vout 400 VL-L /50 Hz

communication

Figure29  Features and specifications of REF-10KW3LNPC2Q

The open loop control of this three-level NPC2 inverter is based on the SPWM scheme. Users can adjust the Vou
by changing the modulation index. An appropriate DC voltage should be set to avoid overmodulation. In an
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NPC2 inverter topology, the DC balance control is a non-negotiable feature that ensures a stable DC-link
operation and balanced output voltages. Meanwhile, the application uses UART communication to realize the
protection. A detailed explanation of the algorithm of every inverter control loop is provided in the next section.

3.2.2 Control loop and algorithm

3.2.2.1 Three-phase inverter mathematical model

Figure 30 shows a three-phase three-level inverter circuit model.

Va Rf Lf lia Vfa Rg Lg Vea

~~Vdc 3-Ph 3L
inverter

Figure 30 The NPC2 inverter circuit model

The mathematical model of the inverter can be obtained according to both Kirchoff’s voltage law (KVL) and
Kirchoff’s current law (KCL) laws at the same time. This is because L, has little impact on the capacitor’s voltage
and only the value of LC filter value is considered in the mathematical model:

aVeg 1 1
TRl
alig _
- =

Ry 1y, 1, KE®D M
o e = Ve

We can get the mathematical model of the node near the grid side, same according to KVL and KCL law:

av sk 1 1

e _ L =1

dt Cr gk+Cf ik k b
digk _ _Rg ly L1ly =0 @)
a = 1,9k T, Ve T Vrk

It is convenient to design a controller based on the dq rotating reference frame at grid frequency speed, with
the d axis aligned to the grid voltage vector.

The mathematical model of the inverter based on dq rotating reference frame and Laplace transform is as

follows:
sVrq 0  wol[Vral 1 [lgal . 1 [lia
= -1+ @)
sVeq —wy 0 [Veql crliggl " crlliq
[slm] =[ 0w [Iid] 1 Vfd] L1 Vd] Ry Im] @)
sliq —wy 0 Il-q Lf qu Ly [ Vg Ly [liq
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L, S0l -2l
Slgq —wg 0 flgql LglVgql LglVpql Lgllgq

Figure 31 shows a graphical representation of this mathematical model.

1
Lg+Rg
1 1 Vi Ve
R +sL, scf *
.
Wol WoCr —{ WoLg /
LI WoLe
WL WoCr
L L Viq - Vi
JE sCr N
1
LgtRg

Figure 31  Graphical representation of the mathematical model

3.2.2.2 Current loop design

Figure 32 shows the current loop control diagram. Two feedforward elements have been added to remove
additional sources of disturbances and errors in the model. This control diagram is suitable for both grid-off
and grid-tied control mode.

L
i Current loop i i Plant !
[ I
[ I
i Vi i l e i
I [ - I
: I*ig I Vg la i | Vi |
| [l 1 + fd 1 |
X Pl )~ L + e - !
; > } } + Ry +sLg sCr }
i b . + - - + |
I [ I
I [
L i 3
i
| Wols i Wols  fe— WoCs 3
| 3 |
I [ I
| 1 3
i
i Wols i i Wols WoCs i
I [ I
I [ I
| | :
| | |
I + [ - |
| ol |- Ve - ; c 2 ; Vie |
i T " Rl sCr -
! Vig 11, I Pl ha ! |
| + ! - !
I I I
| |
I
I

Figure32  Current loop control diagram

To get better performance, the current controller can be designed into a type 1 system. Figure 33 shows its
typical structure.
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R(s) X K C(s) N

e | S(Ts+1) |

Figure 33  Atypical type 1 system

The d axis should be picked to design the current controller. Figure 34 shows the entire control diagram, and it
is the same for the q axis.

[*ia kpi(Tiis+1) 1 Vi kKpwm 1 "d

PR —_— - _
? ® TS 1+3s 14Tss Ry +sky

Figure 34  The entire current control diagram

If the two first-order blocks are integrated, the final control loop looks like Figure 35.

g kpikpwm id

4+><‘X>—> (1+3TTSS)S

Based on the model above, the type 1 system coefficient can be set to 0.707. The corresponding current Pl
controller coefficient is then:

Figure35 Offsetting control diagram

1 1

2Lf
=L
kpi = A
oy (7)
i = 3kpwmTs

After calculating the parameter, the frequency response can be drawn in MATLAB. Figure 36 shows the
corresponding bode diagram.
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Bode Diagram
From: GSCController/Sum To: Transfer Fcnd

linsys 1
System: linsys1

Gain Margin (dB): 19.1

Al frequency (Hz): 5.41e+03

Closed loop stable? Yes

Magpnitude (dB)

Phase (deg)

10
Freauencv (Hz)

Figure36  Frequency response of the current control loop diagram

3.2.2.3 Voltage loop design

The double loop control diagram is shown in Figure 37, include the current loop and the AC voltage loop. This
control diagram is suitable for the grid-off control mode.

Voltage loop Current loop Plant
l\."fci J led
i L e + Vag- W 4" Vi
4.V‘ ( L | I ¥ N 1 + lra 1
“ X;—{ PI | (X PI H— >§ e >§ \ =z \
Vi | 7 / h |
lia Wolt '\,\ ] Wols ;-. | ‘ WoCr =
1 ‘; "\\:.“
i i I\ ;K — !
3 & J = Wolr | ﬁ ) Wols | ‘ WoCr ~—
Vi i / ;
(VP l_‘— 3 I%q ¥~ PI N ‘*Jr Vq f - 1 + _Jl‘li it 1 Vig
’ ‘>< Pl | + >_< >?<l\/f >< R+ L, lia >< ¢
+ ‘ N i ]
T leq T

Figure 37 Double control loop diagram

To get better performance, the voltage controller can be designed into a type 2 system. Figure 38 shows the
typical structure.

R(s) K(t5+1) C(s)
g, $2(Ts+1)

Figure 38 Atypical type 2 system
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The d axis should be picked to design the voltage controller. Figure 39 shows the entire control diagram, and it
is the same for the q axis.

ﬂ,®_, kpu(TisS+1)
Iy

R kpi(Tiis+1) 1 Us | kpym 1 ima
il Sy N
TiuS

|
|
- |
TiiS 1+ 1+Tss Ry +sLy | sCr
|
|
|

Vfd

Figure 39 The entire voltage control diagram

As the current controller is already designed, the two first-order blocks can be integrated together. The
corresponding control loop changes.

V¥ kpu(‘rfus+1) Iia kl""’;ﬂ li 1
e > £ > >
+ TiusS fepikpwn sC
\/‘ s +L—f f
fd -

Figure 40 Integrate control diagram

To become a type 2 system, some offsetting should be added to the control loop.

k
* _PY (.
V*td TuCr (tps+1) Vid

s? ( Ly s+ 1)
EPEEPWM

Vid

Figure4l Offsetting control diagram

If hand T are set to type 2 system coefficient, the corresponding coefficients of the voltage PI controller can be
obtained by:

T=hT (8)
_ Y S S L S
k= w0 =wi—= (hT) 2 2hn2T? ©)
— Ly
T = R kpikpwm (10)
(h+1)Crtiy
kpu = ——— (11)
2h2 f
<kpikPWM>
After calculating the parameter, the frequency response can be drawn in MATLAB. Figure 42 shows the
corresponding bode diagram.
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Magpnitude (dB)
[+
o
T

Bode Diagram

From: Sum3 To: Transfer Fen11

System: linsys1
Gain Margin (dB): 7.89
At frequency (Hz): 1.63e+03

_, Closed loop stable? Yes

Phase (deg)

-360

Frequency (Hz)

Figure 42

3.2.2.4

Frequency response

Power loop design

The double loop control diagram is shown in Figure 43, include the current loop and the AC power loop. This
control diagram is suitable for the grid-tied control mode.

Power loop

Current loop

Figure 43

Power loop and current loop diagram

To get better performance, the voltage controller can be designed into a type 2 system. Refer to Figure 38 for
the typical type 2 system structure.

The d axis should be picked to design the AC power controller. Figure 44 shows the entire control diagram, and

it is the same for the q axis.
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TipQS 74iS 1+==s 1+4Tss Rp +sLy

I*ia| .

kppo(Tipgs+1)| ) kpi(Tiis+1) 1 Ue | kpwm 1 fma LU
! I
o TI |

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Figure 44 The entire power control diagram

As the current controller is already designed, the two first-order blocks can be integrated together. The
corresponding control loop changes.

* k 'kPWM .
P (@ kppo(Tipes+1) | v P o |1 U
* . TiPQS " kpikpwm sCf
P ’ L
lgd -

Figure 45 Integrate control diagram

Integrate the two first-order blocks together. If h and T are set to type 2 system coefficient, the corresponding
coefficients of the power Pl controller can be obtained by

T=hT (12)
h+1 1\2 h+1 1
k== ot 5= () 5 = 5 13)
_ i
tirg = hkpikPWM 14)
(h+1)Crrt;
kppq = Lfr =5 (15)
T
kpikpwm
3.3 Introducing the functional architecture and task
3.3.1 Functional architecture of the control software
Figure 46 shows the entire GTl application model.
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GTI Application Project
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| GTI Application model |
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Figure 46

Functional/Task architecture

The entire software platform consists of four tasks: Very fast task, fast task, background task, and PWM kill task.
The following sections describe these tasks in detail.

3.3.1.1

Very fast task

This task model includes PWMOut, VeryFastAlg, and ADCGet_VF blocks. The PWMOut and ADCGet_VF blocks are
the interface to the ADC/PWM peripherals. The core functions and algorithms are all in the VeryFastAlg block.

F|tT—r’ip. FltTripFast
EnPWM ’ QA1~QA4
—> Fast PWM
i Protection - > QB1~QB4
IgridPU EnPWMCombine M2HAL | —
—] ADC M2HAL Data Proc - QC1~Qc4
Igrid,linv o ) . >
ADC Result lgrid,linv linvPU
ADC Raw data wt > A
Theta > Duty cycle
linvact,lgridact > Calc Volt
Idq - Reference
\aRef CaTmErd »] Calculation »| Modulation
Frequency P Reg VdqRef VabcRef
Vgdg
—
VO Board type
EnCtrl T
Figure47  Very fast task description
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The VeryFastAlg block consists of the following:

e DataProcFast: To calculate the actual value and per unit value of the inverter/grid current from the raw ADC
data.

e CurrProtection: To implement the inverter/grid overcurrent protection according to maximum absolute
value of the three-phase per unit current value. At the same time combine the slow fault trip, PWM enable,
and local overcurrent trip signal together to determine the final PWM enable signal

e ThetaCalc: To calculate the angle, Sine, and cosine values according to the AC frequency, and calculate the
current component of the d/q axis

e CurrReg: To implement the current control loop on the d/q axis. The input is current reference/feedback,
voltage feedforward, and controller enable signal. The output is voltage control signal

e VabcRefCalc: To calculate the voltage control signal on the abc axis from the d/q axis of the CurrReg. When
the PWM enable signal is high, choose the VrefCalcActFun block or the VrefCalcRstFcn block, otherwise the
output equals 0

e Modulation: To calculate the voltage control signal on the abc axis from the d/q axis of the
CurrReg/modulation index. When the PWM enable signal is high, the block chooses the ModuActFun block,
otherwise choose the ModuRstFun block

3.3.1.2 Fast task

There are two blocks included in this fast task model: ADCGet_Fast and FastAlg. The ADCGet_Fast block is the
interface to ADC peripherals. The core functions and algorithms are all in the FastAlg block.

lgdqg
— P/Q/S/PF
. Power
lida | calculati
VgRMS,ViRMS — ] Calculation
IgRMS, liIRMS
A
Vgdg Vidg
wt CurrLmt \dqRef
—> > —>
ADC M2HAL f|— | Data Proc Vgpu,Vipu PLL Vgdq OI;J;czr
Vgrid,Vinv,Vbus . >
? Vgrid,Vinv,Vbus
ADC Result e ) —
raw data
l Frequency ReferenceT T(Zontrol mode
VbusPU Neature Vo
> —>
Volt control

Figure 48  Fast task description

The FastAlg block contains five function blocks:

e DataProc: To calculate the actual value and per unit value of AC/DC voltage from the raw ADC data and
calculate the root mean square (RMS) value of the AC current/voltage from the actual value

o Neutral voltage control: For balancing the DC-bus voltage

e PLL: Toimplement the AC voltage coordinate transformation, AC frequency calculation, and grid
synchronization control

e OuterReg: To implement the outer loop controller, support V/F, P/Q and grid synchronize controller, include
Pl controller, control reference ramp control, and controller selection
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Figure49 OuterRegdiagram

e PowerCalc: To calculate the active power, reactive power, apparent power, and power factor of the grid side

and inverter side

3.3.1.3 Background task

There are five blocks included in this fast task model: HWFltGet, MACtrl, BckGrdAlg, I0Ctrl, and ADCGet_BG. The
HWFIltGet, MACtrl, 10Ctrl, ADCGet_BG blocks are the interfaces to the ADC/PWM/IO peripherals. The core
functions and algorithms are all in the BckGrdAlg block.
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FltTripFast
GKFlt HWFItTrip
> -
N GPIO HW Fault HWEIWD?2 SWFItTrip
M2HAL Read > L
IgridP U, linvPU
P ——
VgridPU,VinvPU Fault EnPWM
_Vbuspy | Handler | EnCtrl
STM
SysFltTrip Command
——»| apcm2HAL ——| DataProc > > < Master |,
Tntc,Tamb Control
ADC Result Tntc,Tamb Tntc,Tamb
ADC raw data Tntc.Tamb
' DO
Y ‘ Y
Fan LED
i CurrL
Derating M Control Control
EnFan
Fan Dutycycle v FItLED,StatusLED
PWM <
+ mzual | 0 Board type
Control :
GPIO
‘ M2HAL
Figure 50 Background task description
The BckGrdAlg block contains six function blocks:
e DataProcSL: To calculate temperature
e FItHdl: To detect software and hardware fault
e STM: To control system state machine
e Derating: To derate the system power
e FanCtrl: To control the system fan
e LEDCtrl: To control the system LED
3.3.1.4 State machine
Figure 51 shows the state machine transition condition.
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CalibrFlag Str_Cmd

A Stop_Cmd Rdy2Str&&CheckingFlag& SyncFlag||ChrgOkFlag
&P/QMode
ERTri FltTrip FItTri {
— p P FltTrip
S <
> &

Figure 51 State machine

Table 6 Definition of a state machine
State Value | Description Control Gating Comments
loop

IDLE 0 Initial state, calibrating ADC Disable Block

STOPPED |10 Converter not running Disable Block

CHECKING |20 Checking readiness, making sure the relay | Disable Block
is closed

STARTUP |40 Execute start up sequence, e.g., Enable Allow/Block | Depends on the
synchronous control mode

RUNNING |30 Converter running Enable Allow

SHUTDOWN | 50 Execute shutdown sequence, e.g., Ramp- | Enable Allow
down

FAULT 70 Converter is in a fault state Disable Block

3.3.1.5 PWMKkill task

This task is triggered by a gate kill (GK) signal. It disables the PWM output and reads the hardware fault word1
when the GK signal changes from high to low.

From PDL/HAL Tc E—__: und
__ o] cprO HW Fault | HWFWD1 Tosh
M2HAL Read
To PDL/HAL
QA1~QA4
— =
Disable PWM QB1~QB4
PWM M2HAL [ ™
Qc1~Qca
N
Figure 52 PWM kill task description
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. .
3.3.2 Deloyment and scheduling of the execution tasks
REF-XMC72PEC REF-10KW3LNPC2Q
Measurement
XMC?ZOOD/cm7O AR Tntc, Tamb -— Temperature Sensor
3y
16an:' Vgrid,Vinv,Vbus -_—a Voltage Sensor
GSC Tasks Interrupt Service Rountines 1 v B End of
onversion Event
ADCI_I_TNV_B_Tsr Igrid, Iinv Igrid, Iinv - Current Sensor
Very Fast Task - —( 20. SI\S) - o]
WVgrid, vInv,vbus
Cep oy . COUNTER_VLOOE_Isx Period Match Event HW fault detection
uoqu;;
Tntc, Tamb [fDP‘DOD - Compalalor
Tasx e Period Match Event| rit clear | 140I) o
. LT Fault combine e | Relay
Fate kill and latch
PR Kill Task < GPIO_NPC2_PWM KILL_ Isr HH E L ﬁb
/DO
= pwm [ Gate Drivers
ADC (12ch) ———™ Interface -
Tngger : -
Period Match
vent (4 & (5 Chl UART
L E Gy (1ch) Debug Board Type
GUI Data
Figure 53 The hardware and software interface

Table 7 shows how the execution tasks scheduled with the hardware timmer and ISR (Interrupt Service

Routine) are triggered.

Table7 NPC2Q task

Functionalities Execution task ISR timer

Master control Background task Background timer

State machine Background task Background timer

Fault handler Background task Background timer

Fan control Background task Background timer

LED control Background task Background timer
Derating Background task Background timer
Outer loop control Fast task COUNTER_ VLOOP timer
Neutral voltage control Fast task COUNTER_VLOOP timer
PLL Fast task COUNTER_VLOOP timer
Power calculation Fast task COUNTER_VLOOP timer

Current protection

Very Fast task

ADC_I_INV timer

Current control loop Very Fast task ADC_I_INV timer
Modulation Very Fast task ADC_I_INV timer
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4 Operation

The 10 kW NPC2 inverter has been tested using the XMC7200-based power control board reference design -
REF-CLBXMCTPEC. This reference design can be purchased separately.

The NPC2 inverter was operated in different control modes.

4.1 Introducing the graphical user interface (GUI)

Install the MHI Graphical User Interface available at Infineon Developer Center. Figure 54 shows the GUI of the
grid-tied inverter (GTI):

[X]
— . —
Infineon MHI Graphical User Interface
File View Target About
o~ (=
== Grid-Tied Inverter (NPC2/B6) - Dashboard Infineon
=
=
Command Setting Topology Diagram
ACISWIreq | 48.00 kHz
n u u —
Tenv [7.21°C
VrA | 0.00 v i 0.22v
[ ] o =V ]
vis [oo0 v vgB [011v
wrc [aoov vge
Board Type Setting
wire [N J: DC i Ve , Ve le
Control Mode Setting Vdc
ControlMode  [Openoop |- AC
P [o.00 kw
Basic Dafa Setting vec ooy ] T Q 104 [0.00 2
ModuationIndex |08 | Pset oo [
VdcP |0.12V B |0.02A S [0.00 kva TgB |0.02 A
VacSet mav [ Qset 000 kvar [
vden [0.a5v 1 [o00a pF [0.00 1gc [ao0a
Fregset  [s000H [+ vdcMin [0 '
Status Run Status Running Mode Fault Signal Systemn Status Signal
SssTp @ HATp @ swip @ Rdyzsr @ Gid e
RunState 10 Opentoopen @ y2str dRely
@ i =
Stog @ Checking = HWFIWD1 0bODODODODONONONN Syncok oot
@ Target Comnecter Ffen @ HWFIWD2 0b0DORO00000000000 syncen @ arén @
Startlp @ Runing @
SWRwDL [ ob00000aoa00000a0 Raysstp @ BoardType @
2 vFEn @
ShulDowm 4 Lo 2 SWRWD2 [ 0b0000000000000000 PWMER @

The following sections explain the different functionalities of the GUI.

4.1.1 Target panel

The target panel is used to flash the firmware to the target and connect to the hardware.

About

Connect

Flash Frmware to target

Figure 55 Target panel
4.1.2 Settinngs
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Settings options can be used to apply changes to the firmware. These parameters take effect immediately after
the values are set. Users can use the arrow buttons to change the values or can enter them directly into the

input field.

4.1.2.1 Command setting

These buttons are used to set the converter in the loop mode, to stop the converter, or to reset the converter’s
fault state respectively. The Reset button can be used after a fault has cleared. Before beginning the evaluation,

users must click the Reset button.

Command Setting

Figure 56 Command setting

4.1.2.2 Board type setting

The board type must be set to NPC2.

Board Type Setting

woaratype [ ¥

Figure 57 Board type setting

4.1.2.3 Control mode setting

The control mode must be set to Open loop, P/Q, or V/F.

Control Mode Setting

Control Mode Open loop H

Figure 58 Control mode setting

4.1.2.4 Basic data setting

The relevant basic data can be set based on the descriptions provided in Section 4.1.4.

Basic Data Setting

Modulation Index PSet

VdcMin 50.0 V
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Figure 59  Basic data setting

4.1.3 Inverter status

The following sections describe the signals that indicate the current state of the inverter.

4.1.3.1 GTIl topology diagram

The top right of the GUI window contains the GTI topology diagram that displays several signals. These signals
are “read only”.

Topology Diagram
Tenv | -8.00 =C
VrB | 0.00 V VgB | 0.15V
1 e Ve, Ve le
Vdc AC
P | 0.00 kW

Figure 60 GTI topology diagram

4.1.3.2 Status

The bottom left of the GUI window shows the connection status. It indicates the present connection status to
the target. It can be used to detect if there is any active connection to the target or not. The red LED sign means
that the target is not connected while the green LED means a connection is active.

Status

& Target Connected

Figure 61 Status
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4.1.3.3 Run status

The run status section reflects the state of the GTl inverter. A gray LED indicates that the state is not active. A
green LED indicates that the state is active.

Run Status
RunState
Stop - Checking W
StartUp et Running =
ShutDown i Fault o

Figure 62 Run status

4.1.3.4 Running mode

This section displays the selected running mode.

Running Mode

OpenLoopEn v

PIQEn @

V/FEn i

Figure 63 Running mode

4.1.3.5 Faultsignal

This section displays the fault signals. A grey LED indicates that the fault is not active. A red LED indicates the
fault is active. HWFItWD1, HWFItWD2, SWFItWD1, and SWFItWD2 are displayed in binary values. Their detailed
description is provided in Section 4.1.4.
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Fault Signal

SysTrip &  HWTrip W SWTrip W

HWFWD1 | 0b0000D00000D0000D |
HWFtWD2 | 0b0000000000000000 |
SWFtWD1 | 0b00000D00D00D000D |
SWFItWD2 | 0b0000000000000000 |

Figure 64 Fault signal

4.1.3.6 System status signal

This section displays the system status signals. A detailed description is provided in Section 4.1.4.

Systemn Status Signal

Rdy25Str |~ GridRely o
SyncOk = ChrgOK o
SyncEn o CtrlEn =

Rdy2Stp o BoardType -
PWMER i

Figure 65 System status signal

4.1.4 GUI parameters

Table 8 GUI parameters

No. | Name Min | Max Default | Step |Unit | Description Comment
Values
Settings (Setpoints)
Start n/a n/a n/a n/a n/a Start the converter
Stop n/a n/a n/a n/a n/a Stop the converter
3 Reset n/a n/a n/a n/a n/a Reset the fault words/status Thisisa
button
4 Board Type n/a n/a n/a n/a n/a 0 represents B6 Combo box
1 represents NPC2
5 Control Mode |n/a n/a n/a n/a n/a Grid-tied inverter control Combo box
mode.
0 represents Open loop,
3 represents P/Q,
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5 represents V/F

6 | Modulation 0 1 0.8 0.1 n/a Output modulation index

Index setting, only for open-loop

control mode

7 | PSet -12 12 0 1 kw Output active power setting,
only for P/Q control mode

8 QSet -12 12 0 1 kVar | Output reactive power
setting, only for P/Q control
mode

9 | VacSet 10 400 220 1 v Output AC phase voltage
amplitude setting, only for
V/F control mode

10 | FreSet 40 65 50 1 Hz Output AC voltage frequency
setting, only for open loop
and V/F control mode

11 |VdcMin 50 1200 n/a nfa |V Minimum required DC voltage

Signals

1 | ActSWFreq 0 100 n/a n/a kHz | The actual switch frequency
from firmware

2 |Tenv -50 200 n/a n/a °C The temperature of
environment

3 Tntc -50 200 n/a n/a °C The temperature of IGBT

4 |Vdc 0 1200 n/a n/a Vv Actual value of DC voltage

5 |VdcP 0 1200 n/a n/a Vv Actual value of DC positive
voltage

6 |VdcN 0 1200 n/a n/a Vv Actual value of DC negative
voltage

7 |VrA 0 500 n/a nfa |V RMS value of phase A inverter
voltage

8 |VIB 0 500 n/a n/a Vv RMS value of phase B inverter
voltage

9 |VvrC 0 500 n/a n/a Vv RMS value of phase C inverter
voltage

10 | liA 0 100 n/a n/a A RMS value of phase A inverter
current

11 |IiB 0 100 n/a n/a A RMS value of phase B inverter
current

12 | liC 0 100 n/a n/a A RMS value of phase C inverter
current

13 | FreqAC 40 65 n/a n/a Hz
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14 | VgA 0 500 n/a nfa |V RMS value of phase A grid
voltage

15 |VvgB 0 500 n/a nfa |V RMS value of phase B grid
voltage

16 |VvgC 0 500 n/a n/a v RMS value of phase C grid
voltage

17 |P -100 | 100 n/a n/a kW Active power of grid side

18 |Q -100 | 100 n/a n/a kVar | Reactive power of grid side

19 |S -100 | 100 n/a n/a kVA | Apparent power of grid side

20 | PF -1 1 n/a n/a n/a Power factor of grid side

21 |IgA 0 100 n/a nfa |A RMS value of phase A grid
current

22 |IgB 0 100 n/a n/a A RMS value of phase B grid
current

23 |lgC 0 100 n/a n/a A RMS value of phase C grid
current

Status
1 Target n/a n/a n/a n/a n/a Connection Status LED
connected

2 Runstate 0 255 n/a n/a n/a States of the GTI converter: Every state
10: Stopped state can be
20: Checking state displayed
30: Running state via LEDs,
40: Startup state green

means 1,

50: Shutdown state gray means
70: Fault state 0.

3 | OpenLoopEn |0 1 n/a n/a |n/a | Open-loop control enable LED
status

4 P/QEn 0 1 n/a n/a n/a P/Q control enable status LED

5 |V/FEn 0 1 n/a n/a n/a V/F control enable LED

6 SysTrip 0 1 n/a n/a n/a Converter system fault-trip LED
signal

7 HWTrip 0 1 n/a n/a n/a Converter hardware fault-trip | LED
signal

8 SWTrip 0 1 n/a n/a n/a Converter software fault-trip | LED
signal

9 HWFItWD1 0 65535 |n/a n/a n/a Converter hardware fault Display in
wordl binary

10 | HWFItWD2 0 65535 |n/a n/a n/a Converter hardware fault Display in
word2 binary

11 | SWFItwWD1 0 65535 | n/a n/a n/a Converter software fault Display in
word1l binary
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12 | SWFItWD2 0 65535 | n/a n/a n/a Converter software fault Display in
word2 binary

13 | Rdy2Str 0 1 n/a n/a n/a Converter ready to start LED
status

14 | SyncOk 0 1 n/a n/a n/a Converter synchronize OK LED
status

15 | SyncEn 0 1 n/a n/a n/a Converter synchronize enable | LED
status

16 | Rdy2Stp 0 1 n/a n/a n/a Converter ready to stop LED
status

17 | PWMEnN 0 1 n/a n/a n/a Converter PWM-enable signal | LED

18 | GridRely 0 1 n/a n/a n/a Converter grid relay-control LED
signal

19 | ChrgOK 0 1 n/a n/a n/a Converter DC charge-OK LED
status

20 | CtrEn 0 1 n/a n/a n/a Converter controller-enable LED
signal

21 | BoardType 0 1 n/a n/a n/a The actual power board type: | LED, from
1 means NPC2 the power
0 means B6 board

4.1.5 Establishing a connection

Steps to establish a connection between the PC and the control board

1. Ensure thatthe NPC2 board and the control board are connected as described in the section on bench
setup. The signal cables from the power board provide power to the control board. No external power
supply is required for the control board.

2. Connecta DC power supply to the power board. Refer to Table 3 for the specification of power supply
card.

Figure 66 24V connector

3. Inthe COM port setting in the GUI, choose the COM port to which the control board is connected. This
can be checked in the device manager.

4. Click Open COM.
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5. If everythingis set correctly, the values will appear in the GUI.

6. Afterthe bench setup is done, click Start to evaluate the hardware.

4.2 Flashing the firmware
Steps to flash the firmware
1. Shutdown the power stage to put it into safe state.
2. Connect 24V to the control board.
3. Add three jumper headers as shown in Figure 67.

4. Connect the debug port of the control board to the PC with a USB cable.

e

REF- XM
R 14

Figure 67 REF-CLBXMC7PEC debug configuration

5. Start the MHI-GUI GTI application.

B
— ) -
Infineon MHI Graphical User Interface B4
File View Target About
-— . . QT =
E3 Grid-Tied Inverter (NPC2/B6) - Dashboard (infineon
‘Command Setting Topology Diagram
ActSWFreq [46.00 kiz
u n ﬂ “
Tenv |7.21 *C
e vra [a.00v vgh [022v
viB [0.00v vgB [oa1 v
ve
Board Type Setting
. J: DC i Ve , Ve le
Control Mode Setting Vde
Control Mode Open bop | AC
P [0k
Dasic Data Setting vde w [5ea o [T ] 104 [0008
Modubton ndex  [0s00 |5 poet  [ooow |5
= = vdep [azv 8 [00zA s[omwa | igB [0.02A
VacSet 2oV - Qset 0.00 kvar |
- VdeN 5V TC | 0.00 A PF | 0. ac _‘J.\NA
Freqset sk [ VdeMin 500V oo [0 55 (5 I _
Status Run Status Running Mode Fault Signal System Status Signal
Runstate 10 openlcopen @ ssTe @ wwip @ swie @ Riy2str @ GidRely @
sop @ Checng @ [e— sk @ gk @
@ Target Comected L HWFEWD2 [ 0b0000000000A00000 Smckn @ GEn @
Startly R
T s SwRwD1 [060000000000000a00 Riy2stp @ foalype @
Smitom @ L L L SWFRWD2 [ 0b0000000000000000 PWMER @
by Hi-GULGTLv1 4.1 0.
Figure68 MHI-GTI GUI
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6. Click Flash Firmware to target and wait until the tool flashes the firmware to the target. A message will
appear after the operation is complete. Please note, this operation needs to be done only once.

| oot

Connect

Flash Firmware to target

Figure 69  Flashing the firmware

7. Click Connect, then click Connect to server.
8. Choose the COM port (defined in the device manager) and click connect.

9. Click Close to close the window.

B3 Connect X

Server

There is a Server running on this Computer.
Start Interface Server

e
l\ Disconnect from Server

Target Interface

UART

COM port: |com3 :

Rescan COM ports

v E ™
\ Disconnect )
A S

Target Connection: |nected with UART COM20

s ™
\ Close |
& vy

Figure 70  Connecting to the target

10. Disconnect the external 24 V power supply.

4.3 Test bench set up
The following equipment is required to begin testing:

e REF-10KW3LNPC2 power board

e REF-CLBXMC7PEC control card with the NPC2 firmware
e GTIGUI

e Resistive load: 3-phase star connected

e DC power source
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Figure 71  Test bench setup

~ Note:

High Voltage
DC Source

Only SPWM so far, please set the
proper DC voltage to avoid over
modulation

- Please pay attention to the distinction between Measurement
and Control connector

B REF-10KW3LNPC2Q Application

supports 3P3W balance source/load

/’

4
|

fi RLC Load

or

= Grid
=
»

Figure 72  Detail description for test bench setup

Figure 71 shows a possible test bench setup for your reference, here are the steps to set up the test bench:

1. Complete the hardware connection according to Figure 72 and follow the steps 1 to 11 as depicted. Note the

distinction between the measurement and the control connector.
Power on the external 24 V..

Set up parameters of the system using the GTI GUI.

Power on the high-voltage DC source.

Run the system.

o R~ e

4.4 Operating in the open-loop control mode

To operate the NPC2 inverter in the open-loop mode, set the Control mode to ‘Open loop’. Do not operate the
inverter outside the specified voltages, current, and frequencies in the open-loop mode. The inverter has been
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tested only for the specifications listed in Table 2. Performance outside these specifications is not guaranteed.
The firmware offers the possibility of increasing the DC-link voltage gradually, monitor it, and then decide to
use it if required.

Steps to operate in the open-loop control mode are as follows:
1. Setthe control mode to Open loop.

2. Adjust the Modulation index (MI) in the GUI. Set the modulation index value according to the DC bus
and the output voltage values. For example, if the DC bus is 750 V and the V,c is 220 Vrms, the MI will be
0.87.

3. Click Start to start the operation.
4. Provide the required supply and load to the converter.
5. Adjust the Ml value accordingly.

6. Click Stop to stop the converter.

o
(infineon  MHI Graphical User Interface
Grid-Tied Inverter (NPC2/B6) - Dashboard (infineon |
Command Setting Topolagy Diagram

B B B —

Tnte [357°¢

vie [o00v vge [0a3v

wc [0.00v | vgc v
Board Type Setting
Board Type  [1Pe2 - _[ DC Ii Vr , Vg Ig
Control Mode Setting Vdc
[o=_==T|Step! 5

Step 2 vec [o16v
ep pset  [osoww [

vaee [a.08 v

R B ¥
Fwo v

z gt [ooowar | : B
H vaen [0.13 1€ [0.004
Fregset sooore ] vdeMn  [s00v b
Status Run Status Running Mode Fault Signal System Status Signal
. = 1 SpTip @ Hwip @ swip @ r @ .

Syncok Chrgok
sop @ Checkng @ HWRWDL  [050000000000000000 | Vi ¥
° I o CurEn

[Eeun ot L HWAWD2  [060000000000000000 | SyncEn

Sartlp @ Ruming @

© © © ¢

BoardType

SWRWDL 000000000000000000 | Rdyzstp

Shutdovm @ Fauk @ SWRKWD2 0000000000000000 L=

mhi-qugH - Verenn MHIGI-GTT-v1 4.1

Figure 73  Operating in the open-loop control mode

The minimum DC voltage is 50 V. Set the DC source voltage between 50 V and 950 V and ensure that the inverter
is in the Rdy2str state before clicking Stop. Then you can do the testing. Otherwise, please check the DC
voltage, the board type, and reset the system.

4.5 Operating in the V/F control mode

To operate the NPC2 inverter in the V/F control mode, set the Control mode to ‘V/F’. Ensure that the AC-output
terminals are connected to the AC load and the DC-input terminals are connected to the DC source.

Steps to operate in the V/F control mode are as follows:
1. Setthe control mode to V/F.

2. Setthe AC output voltage and frequency. For example, set VacSet to 220 V.ms and FreqSet to 50 Hz.
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Figure 74

1

2.

Click Start to start the operation.

Provide the supply and load required to the converter.

Adjust the VacSet and FreqSet value accordingly.

Click Stop to stop the converter.
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User guide

Operating in the V/F control mode

530f 80

Note: The maximum power limit is 12 kVA. If the output power is more than 1.2 pu and lasts for 60 seconds, it
can trigger the overload fault.
According to the B/S, the PF is between 1~+0.8. Please be careful when setting the AC load.
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4.6 Operating in the P/Q control mode

To operate the NPC2 inverter in the P/Q control mode, set the Control mode to ‘P/Q’. Ensure that the AC-output
terminals are connected to the grid simulator and the DC-input terminals are connected to the DC source.

Steps to operate in the P/Q control mode are as follows:

1. Setthe control modeto P/Q.

2. Setthe active power (PSet) or reactive power (QSet).
3. Click Start to start the operation.
4. Provide the supply and load required to the converter.
5. Adjust the PSet and QSet value accordingly.
6. Click Stop to stop the converter.
[X]
(Iﬁineun_ MHI Graphical User Interface
File View Target About
Grid-Tied Inverter (NPC2/B6) - Dashboard (infineon [
Commant d Setting Topology Diagram
o n = Step 3 ) — _ rare EED
Board Type Seting J__ " :
Board Type  [PC2 2]
Control Mode Setting
Step 1 -
P ]
Basic Data Setting i : — v [ozy ] w [oR Q[ 12 [0
= [ ); oo Voo (] N - (T O
. som):-.— }_ vaen [0.5V ] © pr [0450 ] 1¢ [o. |
Status Run Status Running Mode Fault Signal System Status Signal
Rurstate 10 ptoopEn @ e e Riyasw @ GuRey @
swp @ heckng @ HWRWD1  [060000000000000000 STROCS Groiy L
T e e sl B R -
Figure 75 Operating in the P/Q control mode

The output power rating in the Topology diagram depends on the PSet. The value of PSet can be positive or
negative. A positive value means that the converter is in the inverter mode, a negative value means that the
converter is in the rectification mode.

4.7 Safe power down

The safe power down procedure for a 10 kW NPC2 inverter platform is crucial to prevent electrical hazards,
protect components from damage, and ensure operational reliability. The safe power down sequence must
adapt to the differences in the control modes to ensure safety and protect the component.

For the open-loop and V/F control modes, follow these steps:
1. Click Stop to stop the converter.
2. Stop the output of AC load.
3. Turn off the high-voltage DC source.

4. Turn off the external 24 V..
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For the P/Q control mode, follow these steps:

Click Stop in the GUI to stop the converter.
Turn off the grid simulator.

Turn off the high-voltage DC source.

Turn off the external 24 V..

W

User guide 55 of 80 V1.0
25-12-23



o _.
10 kW 3-level NPC2 inverter reference design < In f| neon
Performance and test results

5 Performance and test results
5.1 Open-loop test results

5.1.1 Overcurrent protection

The output current was increased until the overcurrent protection reacted. GK tripped when the peak current
reached 38 A.

Legend: CH1: IA, CH2: IB, CH4: IC, CH3: VGS-A-S3, CHT: VGS-A-S1, CH8: GK

Tektronix
Add New...

Callout

Search

RL: 1.25 Mpts ¥ 86%

Figure 76  Overcurrent protection

5.1.2 Overvoltage protection

The bus voltage was increased until the overvoltage protection reacted. GK1 tripped when the bus voltage
reached 890V.

Legend: CH3: VGS-A-S1, CH7: VGS-A-S3, CH8: GK, CH6: VBUS
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Tekfronix
Add New...

Veate kil

25 Sep 2025
07:48:40

Figure 77 Overvoltage protection

5.1.3 Overtemperature protection

5.1.3.1 Overtemperature protection - T

The case temperature T was increased until the overtemperature protection reacted. All of the Vg values were
pulled down when T. was 100.32°C and V.. was 1.488 V.

Legend: CH1: Vntc, CH3: VGS-A-S4, CH6: VGS-A-S1, CH8: VGK
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Tekfronix

VGK &

cs

1 !

T.=100.32°C Vyre 7 o = 1.488V

Proview

25 Sep 2025
g0

Figure 78 Overtemperature protection-T.

5.1.3.2 Overtemperature protection-T,

The ambient temperature T, was increased until the overtemperature protection reacted. All of the Vs were
pulled down when T, was 62.23°C and Vy Was 2.77 V.

Legend: CH1: Vntc, CH3: VGS-A-S4, CH6: VGS-A-S1, CH8: VGK
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Tektronix

f f

B T, =62.23°C Viic 1 4 = 2.77V

Ves A s

A w/di 200 ms
’ SR:6.25 M55 160 ns/pt
RL: Mpts ¥ 50%

Figure 79 Overtemperature protection - Ta

5.2 Closed-loop test results

5.2.1 Output AC voltage against different DC input voltages (V/F & P/Q)

The design was tested with three different input DC voltages - 660 V, 750 V, and 850 V; and two control modes -
V/F and P/Q. The output line-to-line rms voltage was kept at around 400 V at 10 kW power.

Table 9 DCinput voltage range

660, 750, and 850 Vg
SPWM, 48 kHz

10 kW, Voue = 400 Vi ms/50 Hz
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Table 10

V/F mode test data

V/F 660 10 398.8 |399.3 |398.6 1437 | 14.29 14.36 Figure 80
V/F 750 10 399.0 |399.2 |398.6 1436 | 14.28 14.35 Figure 81
V/F 850 10 399.1 |399.0 |398.6 1437 | 14.28 14.34 Figure 82

JESgeRa CHi:vi-lab, CH2: VI-Lbe, CH3: VI-Lca, CH4: Ib, CHS: la, CHT: Ic, CH6: Vbus
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Table 11 P/Q mode test data

P/Q 660 10 398.7 |398.1 397.5 14.63 14.60 14.64 Figure 83
P/Q 750 10 398.6 [398.2 |397.7 |14.66 |14.62 14.64 Figure 84
P/Q 850 10 398.8 |[398.1 |397.6 |14.67 |14.63 14.63 Figure 85
JE8EERAT CH1: Vi-Lab, CH2: VI-L be, CH3: V-l ca, CH4: Ib , CHS: I, CHT: Ic, CH6: Vbus
. [mme

VBUS

i, ,

X
X

P RYE

A

) m oms 60m: N -200 ms -180 160 ms 140 ms -120m m:
Measure P1:rms(C1) P2:rms(C2) P3:rms(C3) P4:rms(C4) P5:rms(C5) P6:rms(C7)  P7:mean(C6) P8:pkpk(C5  P9:mean(C6) P10:- P11:- P12:- - -
value 398.7V 398.1V 3975V 14.60 A 1463A 1464 A 657.9V
status [ L R
c5  EIBEs : Tbase 2000 ms||Trigger () LSR8
500 V/div 500 V/div 500 V/div 20.0 A/div| 20.0 A/div 500 V/div 20.0 A/divg 12 Bits 20.0 ms/div| Stop 24
-1.3400 kV -1.3400 kV -1.3400 kV 0 mA offset 0 mA offset 507.5V ofst 0 mA offset i 5 MS 25 MS/s|Edge Positivi
Figure 83 660 Vq4cin P/Q mode
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‘ X
OIS0 009.999 99909999.9999.00

260 ms -240ms -220ms -200ms -180ms -160 ms -140ms

Measure P1ms(C1)  P2:ms(C2)  P3:rms(C3)  P4rms(C4)  P5ims(C5)  P6:ms(C7)  P7:mean(C6)  P8:pkpk(C5l P3:mean(C6) PO l s i P2
value 3986V 3982V 397.7V 1462A 1466 A 1464 A 7482V

status i < < v [ WG e v
R ‘ o C5  CIBEE i TR HD | Tbase _200.0 ms||Trigger U5
500 V/div 500 V/div 500 V/div 20.0 Aldiv 500 V/div 20.0 A/divl : 12 Bits 20.0 ms/div|Stop 2
-1.3400 kV -1.3400 kV -1.3400 kV 0 mA offset 0 mA offset 507.5V ofst 0 mA offset 5 MS 25 MS/s|Edge Pos|

Figure 84 750 V4 in P/Q mode
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-180ms -160nm -140ms
Measure P1:rms(C1) P2:rms(C2) P3:rms(C3) P4:rms(C4) P5:rms(C5) P6:rms(C7)  P7:mean(C6)  P8:pkpk(C5 P9:mean(C6) P10:- - - P11:--- P12:- 4

value 3988V 3981V 3976V 1463 A 14.67 A 1463 A 846.0V
status L v

L 4 7 L L
L L | O Buil ][ HD ™| [Tbase 200.0 ms||Trigger (X
500 V/div 500 V/div 500V/div|  20.0 Aldiv 500Vidiv[  20.0 Aldivf : 12 Bits 200 ms/div|Stop 2]
-1.3400 kV -1.3400 kV -1.3400 kV 0 mA offset] 0 mA offset 507.5V ofst 0 mA offset 5MS 25 MS/s|Edge Posi

Figure 85 850 Vg4 in P/Q mode

5.2.2 Output current ripple and voltage ripple

The design was tested with an input DC voltage of 750 V and two control modes - V/F and P/Q. The output line-
to-line voltage and output current were measured before the LCL filter at 10 kW power.
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Table 12 P/Q mode test data

750 Vyc

SPWM, 48 kHz

10 kW, Vout = 400 V[-l rmsy 50 HZ

398V

2.14A

Figure 86 & 87

TELEDYNE Lﬁ%‘-

______ &
EVRNn TRy OuIO0K .

-145ms -135ms -125ms -115ms -95 m! 5m 65 ms 55 m:
2 T [
i - | ' v K—W = . | e KT—_— et Y L K——
i r
"R et , , M’, : ” o s
T [ ! {

EV!.I‘ 225 7 024 4 9755 04 9265 4 8775 ns”
Measure PLms(C)  P2rms(C2)  P3:rms(C3)  P4rms(C4)  P5:ms(C5)  P6:ms(C7) P7:mean(C6)  P8:pkok(C5 P9:mean(C6) _PA0-- - B 2 P12:---
value 4585V 4576V 4585V 1468 A 1UT1A 1470A 7451V

7 4 e

Thase  95.0 ms|[Trigger E) 118
10.0 ms/div| Stop 24 A
12Bits 5 \is 50 MS/s|Edge Positive

Figure 86 Output current ripple in P/Q mode

TELEDYNE .

P Pl S O TS| e oo T A e e e e e P o e Vo S| g, O A L

-962
962 kV
-145ms -135ms -125ms -115ms 105 ms 51T 5 m 75m 65 -55m -45ms”
e B T T TR I | A | ST AT
— — | w
5 .j‘_._“—.._ e e e _LT._ S T S -.JNT-_T-L_ ......... v b e s e e
|
- ] - -
) 2.74 2721 02 02.68 02 102.64 ms>
P1:rms(C1) P2:rms(C2) P4:rms(C4) P5:rms(C5) P6:rms(C7) P7:mean(C6)  P8:pkpk(C51 P9:mean(C6) P10:- - - P11:- - - P12:---
4585V 4576V 1468 A 14T71A 1470 A 7451V
4 4 4

Thase  95.0 ms||Trigger (%3 L8|
10.0 ms/div| Stop 24 A
12Bits |5 \is 50 MS/s|Edge Positive

Figure 87 Output voltage ripple in P/Q mode
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Table 13

V/F mode test data

750 Vyc

SPWM, 48 kHz

10 kW, Vout = 400 V[-l rmsy 50 HZ

390V

2.29A

Figure 88 & 89

20.0 A/div
0 mA offset

500 V/div
962.5V ofst

2.962 k
-56.6 ms -46.6 ms -36.6 ms -26.6 ms 16.6 ms -6.6m 3 4m 134 m 234 ms 33.4ms 434 ms
26.94 & |
- e © s w5 b w—— T = — T R L - — T — o & TR e
e ™ '*».— . ¥ : "’ -
f i ‘ 1

4 ’!7 : - >
Measure P1:rms(C1) P2:rms(C2) P3:rms(C3) P4:rms(C4) P5:rms(C5) P6:rms(C7)  P7:mean(C6)  P8:pkpk(C51 P9:mean(C6) P10:- - - P11:--- P12:- - -
value 4587V 4588V 4589V 1487 A 1490 A 1486 A T4TAV
status L4 L 4 v 4 4 4

Thase 6.6 ms||Trigger (155) 1418
10.0 ms/div|Stop 2.6 Al
12 Bits 5MS 50 MS/s|Edge Positive

Figure 88

Output current ripple in V/F mode

W TELEDYNE

Everywhereyoulook”

TECHOY|

-46.6 I

13.4 ms

434 ms

4 | I
SN N SN | A IS | KA o i A SIS TG B G -..-T-J_ N B
I
@ - I -
7 (35643 ms) s
A25 | A2 A A10 ps A5 p A5 us A10 ps A A20 p A25 ps™
Measure P1ms(C1)  P2:rms(C2)  P3:rms(C3) P4:rms(C4)  P5:rms(C5) P6:ms(C7)  P7:mean(C6)  P8:pkok(C5 P3:mean(C6) PO~ -~ P11- P12=-2
value 4587V 4588V 458.9V 1487 A 14.90 A 14.86 A 7471V
status 4 4 g
| Thase 6.6 ms||Trigger (%1218
10.0 ms/div| Stop 26A
12Bits |5 \is 50 MS/s|Edge Positive
Figure 89 Output voltage ripple in V/F mode
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5.2.3 Power derating at higher ambient temperature

When the ambient temperature T, reaches 43.86°C, the output power starts getting derated.

Temperature versus nominal power
120,00%

100,00%

Nominal Power
o (0]
o o
P P
o o
X X

40,00%
20,00%
0,00%

10 20 30 40 50 60 70
Ta(°C)

Figure 90 Power derating curve with ambient temperature

5.2.4 Measuring the DC voltage

The design was tested to evaluate the balancing performance of the DC bus voltage with 750 V input DC voltage
and two control modes - V/F and P/Q - at 10 kW power.

Table 14 P/Q mode test data

750 V.

SPWM, 48 kHz

10 kW, Vout =400 Vi.irms, 50 Hz
371.8V

375.4V

Figure 91
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80A
"“ TELEDYNE LEGR(
Everywheroyoulooy
60 A
2] vog
40A
Ic
20AK- A s o : L . e E
' KX KK XK XK X XX X A
iy -
s
r X A XK AKX K KA XK A
i Z_ - \ b - e, - Y, o . S oo ,.,/
20A s M e - S
-40 A
-60A
80 A
“152.8ms 162.8ms 172.8ms 182.8ms 192.8ms 202.8ms 212.8ms 222.8ms 232.8ms 242.8ms 252.8
Measure P1:mean(C1)  P2:mean(C2) P3:rms(C3) P4:rms(C4) P5:rms(C5) P6:rms(C7)  P7:pkpk(C1l  P8:pkpk(C5 P9:mean(C6) P10:--- P11:-- - P12:- 4
value 3718V -3754V 14.62 A 14.66 A 1461A
status 4 7 [ W—— v 4
DCj : ' Tbase -202.8 ms||Trigger )
500 V/div 500 V/div 20.0 A/div] 20.0 A/div 20.0 A/divj ! 12 Bits 10.0 ms/div| Stop 2
1.1675 kV 1.3300 kV 0 mA offset 0 mA offset 0 mA offset ~ |5 MS 50 MS/s|Edge Posi
Figure 91 DC voltage measurementin P/Q mode
Table 15 V/F mode test data

750 Ve

SPWM, 48 kHz

10 kW, Vout = 400 Vi rms, 50 Hz

375.0V

374.8V

Figure 92

693V
"’\‘ TELEDYNE LB/
Everywhereyou|
193\
< E
307V
1A
-807 V o~ e e i g /f‘.m\ G e i m“\
X XX KX K XX K X KX
) /) 7 7 4
1307 K 7 N A o Y 4 N, A Vi
XX AKX XX A AKX AKX
-1.808 KV - —— sl N S— S
-2.308 kV
-2.808 kV
-3.308 kV
-56.6 ms -46.6 ms -36.6 ms -26.6 ms -16.6 ms -6.6 ms 2 34ms 13.4 ms 234 ms 334 ms 4
Measure P1:mean(C1)  P2:mean(C2) P3:rms(C3) P4:rms(C4) P5:rms(C5) P6:rms(C7)  P7:mean(C6) P8:pkpk(C5  P9:mean(C6) P10:- - - P11:-- - P1]
value 3750V -374.8V 18V 1484 A 1487 A 1483 A
status L4 L o O o’ 14
I BuL[DCY : ' Tbase 6.6 ms|[Trigger
500 V/div 500 V/div 20.0 A/di 20.0 A/div| 20.0 A/divj ! 12 Bits 10.0 ms/div| Stop
1.1675 kV 1.3075 kV 0 mA offset 0 mA offset 0 mA offset [ 5 MS 50 MS/s|Edge H
Figure 92 DC voltage measurementin V/F mode
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5.2.5 Synchronizing the grid
At startup, VNAB gradually follows the grid voltage and eventually reaches a matching waveform.

Legend: CH1: VAB, CH2: VBC, CH3: VCA, CH4: IB, CH5: IC, CH6: VNAB, CHT: IC

Table 16 Test Conditions

750 V.

P/Q mode

SPWM, 48 kHz

10 kW, Vout = 400 Vi ms/50 Hz

I s

......... anaatAfA MM “ A I
eI
S
e

e

i

vvvvv 3 \'

Figure 93  Grid synchronization in P/Q mode

5.2.6 Grid undervoltage protection

The grid undervoltage protection is triggered if the grid voltage drops to 64.7% (258 /399 V) of the rated value
and all the Vg values are pulled down.

Legend: CH1: PWM-IN-A-S4, CH2: VBC, CH3: VAB, CH5: VCA, CH6: PWM-IN-A-S1
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ELEDYNE LECR(
- Everywheroyota]

L VAVAVY

i
!
v cs
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Measure P1:mean(C1)  P2:mean(C2) P3:rms(C3) P4:rms(C4) P5:rms(C5) P6:rms(C7) P7:rms(C6)  P8:pkpk(C5 P9:mean(C6) P10:- - - P11:--- P12:- -
value 894 mV 30V 2865V — 2850V 1.080 A 1.686 V
status 0 4 "4
BEA Bwl[DC : : HDl[Tbase  -1.2442 s||Trigger (41
5.00 Vidiv 500 V/div 500 V/div Idivf : 12 Bits 10.0 ms/div| Stop
-9.5750 V - 25 MS 250 MS/s|Edge N
2431mvy] - ! ! - ! 8 Vi : X1= 12107136s AX= 42.9036 ms

200.7 mV|1 1 iF - 1 : X2= 1.2536172s 1/AX= 23.3081Hz
Ay 425mV|Ay 38576 V]Ay -326.0 V] Ay : :

Figure 94  Grid undervoltage protection

5.2.7 Measuring the Total Harmonic Distortion

Table 17 THD measurement of power semiconductors in V/F mode

Measuring THD using the Yokogawa WT1800 precision power analyzer
V/F mode

SPWM, 48 kHz
10 KW, Vot = 400 Vi rms/50 Hz
Uthd1 Ithd1 Pthd1
Ve =660V 0.408% 0.419% 0.002%
Ve =750V 0.313% 0.330% 0.001%
V=850V 0.360% 0.369% 0.001%

Table 18 THD measurement of power semiconductors in P/Q mode

Measuring THD using the Yokogawa WT1800 precision power analyzer
P/Q mode

SPWM, 48 kHz
10 kW, Vour = 400 Vi ms/50 Hz
Uthd1l Ithd1 Pthd1
Ve =660V 0.141% 1.263% 0.000%
Ve =750V 0.119% 1.068% 0.000%
Ve =850V 0.132% 1.108% 0.000%
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5.2.8 Efficiency measurement

Table 19 Efficiency measurement of power semiconductors in V/F mode

Specification | Measuring efficiency using the Yokogawa WT1800 precision power analyzer

Condition V4 =660V, Vour =400 Vi ms/50 Hz, V/F mode
Measurements are taken after the LCL filter (power losses with filter)

Operation Efficiency
1.2 kW 98.775%
2.4 kW 99.165%
3.0 kW 99.208%
4.2 kW 99.296%
5.4 kW 99.264%
6.0 kW 99.233%
7.2 kKW 99.178%
8.4 kW 99.107%
9.0 kW 99.068%
10.2 kW 98.978%

Table 20 Power semiconductors efficiency measurement in V/F mode

Specification | Measuring efficiency using the Yokogawa WT1800 precision power analyzer
Condition Vac =750V, Vour = 400 Vi ms/50 Hz, V/F mode
Measurements are taken after the LCL filter (power losses with filter)

Operation Efficiency
1.2 kW 98.348%
2.4 kW 98.900%
3.0 kw 98.991%
4.2 kW 99.121%
5.4 kW 99.110%
6.0 kKW 99.092%
7.2 kW 99.041%
8.4 kW 98.971%
9.0 kW 98.930%
10.2 kW 98.847%
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Table 21 Power semiconductors efficiency measurement in V/F mode

Specification | Measuring efficiency using the Yokogawa WT1800 precision power analyzer
Condition Vdc = 850 V, Vout = 400 Vl-l rms/50 HZ, V/F mode
Measurements are taken after the LCL filter (power losses with filter)

Operation Efficiency
1.2 kW 97.867%
2.4 kW 98.641%
3.0 kW 98.775%
4.2 kW 98.886%
5.4 kW 98.955%
6.0 kKW 98.940%
7.2 kW 98.896%
8.4 kW 98.830%
9.0 kw 98.787%
10.2 kW 98.702%

Table 22 Power semiconductors efficiency measurement in P/Q mode

Specification | Measuring efficiency using the Yokogawa WT1800 precision power analyzer

Condition V4 =660V, Vour =400 Vi ms/50 Hz, P/Q mode
Measurements are taken after the LCL filter (power losses with filter)

Operation Efficiency
1.0 kW 98.481%
2.0 kw 99.051%
3.0 kW 99.210%
4.0 kW 99.303%
5.0 kW 99.297%
6.0 kW 99.262%
7.0 kw 99.223%
8.0 kw 99.185%
9.0 kW 99.127%
10.0 kW 99.070%
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Table 23 Power semiconductors efficiency measurement in P/Q mode

Specification | Measuring efficiency using the Yokogawa WT1800 precision power analyzer

Condition Vac =750V, Vour = 400 Viirms/50 Hz, P/Q mode
Measurements are taken after the LCL filter (power losses with filter)

Operation Efficiency
1.0 kW 97.969%
2.0 kW 98.724%
3.0 kW 99.036%
4.0 kW 99.108%
5.0 kW 99.171%
6.0 kKW 99.147%
7.0 kW 99.098%
8.0 kw 99.044%
9.0 kw 98.987%
10.0 kW 98.921%

Table 24 Power semiconductors efficiency measurement in P/Q mode

Specification | Measuring efficiency using the Yokogawa WT1800 precision power analyzer

Condition Vac =850V, Vour = 400 Viirms/50 Hz, P/Q mode
Measurements are taken after the LCL filter (power losses with filter)
Operation Efficiency
1.0 kW 97.366%
2.0 kW 98.402%
3.0 kW 98.743%
4.0 kW 98.861%
5.0 kW 98.962%
6.0 kW 98.956%
7.0 kW 98.928%
8.0 kW 98.889%
9.0 kW 98.839%
10.0 kW 98.780%
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6 Board layout

6.1 REF-10KW3LNPC2Q_MB

Table 25 Mechanical data

(infineon

Dimensions 420 mm x 260 mm
No. of layers 4

Copper thickness 70 um

Weight 8.7kg

Figure95 Layerl

User guide

72 of 80

V1.0
25-12-23



o _.
10 kW 3-level NPC2 inverter reference design < In f| neon
Board layout

Figure96 Layer2

Figure97 Layer3
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Figure98 Layer4

6.2 REF-10KW3LNPC2Q_GDB

Table 26 Mechanical data

Dimensions 222 mm x 95 mm
No. of layers 2

Copper thickness 35um

Weight 0.2 kg

Figure99 Layerl
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Figure 100 Layer2

6.3 PB-APS-24V-5VISO

Table 27 Mechanical data

Dimensions 57.1 mmx27.1 mm
No. of layers 8
Copper thickness 105 um

Figure 101 Layer1

Figure 102 Layer2
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(infineon

Figure 103 Layer3

Figure 104 Layer4

Figure 105 Layer5

Figure 106 Layer6
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Figure 107 Layer?7

Figure 108 Layer8
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7 Bill of materials

Table 28 lists the key materials.

Table 28 BOM

Part Description
IMCQ120R040M2H 1200V, 56 A CoolSiC™ MOSFET in top-side cooled Q-DPAK package
IMDQ75R040M1H 750V, 47 A CoolSiC™ MOSFET in top-side cooled Q-DPAK package
1ED3240MC12H 10 A, 5.7 kV (rms) single-channel isolated gate driver with two-level
slew-rate control, UL 1577 and VDE 0884-11 certified

TLE4978-RO50W5-0-S0010 High-precision, coreless current sensor for industrial applications
2EP130R Full-bridge transformer driver
IRS27952 Half-bridge, high-voltage controller IC
IRF7351 60 V dual N-channel HEXFET power MOSFET in an SO-8 package
TLE42744GS V33 3.3V Low Dropout Regulator
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(“Infineon”). Evaluation Boards are part of Infineon’s non-serial products.
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be used for reliability testing. The Evaluation Board is exclusively
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The Evaluation Board shall not be used in any way where a failure of the
Evaluation Board, or any consequences of the use thereof, can reasonably
be expected to result in personal injury.
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You are responsible for properly designing, programming, and testing the
functionality and safety of your intended application of the Software, as
well as complying with any legal requirements related to its use. Infineon
does not guarantee that the Software will be free from intrusion, data theft
or loss, or other breaches (“Security Breaches”), and Infineon shall have no
liability arising out of any Security Breaches. The Software shall not be used
in any way where a failure of the Evaluation Board, or any consequences of
the use thereof, can reasonably be expected to result in personal injury.

Safety & Operating Instructions:

Customer shall check the Evaluation Board for any physical damage which
may have occurred during transport. If customer detects any damages or
defects in the Evaluation Board, customer shall not connect the Evaluation
Board to a power source. Customer shall contact Infineon for further
support. If customer observes unusual operating behavior during the
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to the Evaluation Board and consult Infineon for support.

Customer shall not touch the Evaluation Board during operation and keep
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power supply, several components may still store electrical voltage and can
discharge through physical contact. Several parts, like heat sinks and
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