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3-phase current-source inverter

Characteristics

. Power : 5 kW

«  Topology : Silicon carbide based 3-phase transformer-less current-source inverter
*  Maximum PV voltage : 400 V.
« Assigned grid AC voltage : 400 V¢, / 50 Hz
*  Switching frequency : 125 kHz
«  Maximum efficiency : 98 % @
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Design

Printed circuit board
«  Top-side:

o  Surface mounted component

Switching cells

O
o  Power supply
o  Switches drivers
o  Measuring channel
O ven
o DC chokes

Bollom area dedicated lo Through-Hole devices
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Bottom-side:
o  Through-holes mounted component
o Differential and common-mode

filtering
o Relays
o RCMU

o Heatsink
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Design

Enclosure

*  Front-side
o Metallic cabinet with key-locked door
o Human-to-machine front interface
o Holes for cable connections
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Back-side
o Heatsink
o Fixture system for wall mounting
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Design

Bill of materials

«  Costs repartition of the inverter components

Distribution of the BOM related costs

» Mechanical;
~~_70¢€ Meas. Units;
PCB; 60€ —__ 15 €

Protection; 35€ .‘ Power €/ W.C‘ﬁ'0,103
supplies; 8 € o
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Connection

DC and AC cables

*  Plug connectors for:
o 3-phase AC cables
o Neutral
o Earth
o DC plus and minus PV cables
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Test

Electrical normal-mode operation

| C4 | 8132 samples at 80 kHz | 2013-07-26 15:41:51. 766 N i v| =
V| Time s
Position:  |0s -

Base: 10 msfdiv v

«  Electrical waveforms analysis

for operation under normal ¢
conditions test: £ optors .
o PV voltage Vp, : *:dd g
o PVcurrent Iy, ot [ov -
@) Range: 100 Vjdiv | ¥
o Injected grid current |, o
Range: | 5Afdiv M
V| Vpv o
20 ms 20 ms ams 10ms 20 ms 30 ms 0 ms 50 ms Offset: ov i

W . = _ | _ T, Smple Pulse Protocol, = K | Range: 100 V/div -
MName Pin T 40%9& samples at 40 kHz | L= 17 Tov [
Offset: 0A ~

Range: 5 Afdiv hd

«  Control signals for the 12
CSI switches

b M-S0 ms
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Test

Thermal management

Checking of several component
temperatures along operation
cycles for different powers at
steady states

* Atrated power (5 kW):
o T, =28 C
O Theatsink = 690 C
o Tswitches_junction = 1070 C

Training session @ TECNALIA — 06/11/2019

8

PVSITES inverter

{PVSITES

www. pvsites.eu



Test

Efficiency

«  Conversion efficiency measurement
according to the EN50530 standard

- European weighted efficiencies:
o 96,5% at 290 Vp,,
o 96,8% at 310 Vp,
o 97,1% at 340 Vp,
o 97,1% at 360 Vpy,
«  Californian weighted efficiencies:
o 96,8% at 290 Vp,,
o 97,1% at 310 Vp,
o 97,5% at 340 Vp,
o 97,5% at 360 Vp,

o  Maximum efficiency : 98%
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Test

Safety and Grid requirements

«  Standard profiles as described in PO12.3
o Reactive current vs AC voltage level

Active power vs AC voltage level

¢ Normal operation, grid
requirement and safety
standards to comply with: )

Mormal Operating Range
a. Voltage & Frequency Operating Range. (EN50438) :
b. Under-frequency response (EN50438) E t
¢. Over-Frequency response (EN50438) il
Interface Protection - PR ; a1, i
a. Under / Over Voltage Test (EN50438) i ' 8
b. Under f Over Frequency Test (EN50438) 24 ¢ X

ne = 1,108+ 3E-L6

Piv]

O
o Grid low-voltage ride through capability
o Active power vs grid voltage frequency

Y = 23A0IK- LLESS

¢. Main Loss Detection (Islanding) (IEC 62116) s

d. Automatic Reconnection (EN50438 v ¥finom
Safety Protections

a. Residual current detection (IEC 62109:2) .
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b. PV array insulation resistance detection (IEC 62109:1) = ;
Power Quality 1
a. Harmonic & Flicker {61000-3-2, 61000-3-3) s |
b. DC Current Injection (EN50438) 1
Low Voltage Ride Through (IEC 62910) 2 on ]
Reactive Power Delivery (EN50438)
MPPT Tests (EN50530)
Power Conversion Efficiency (EN50530)
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Thanks for the attention

WWW.pvsites.eu
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