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7t'4< DFIM & HUHE{2| 71X

: Active
Rectifier DC Bus Inverter Front End DC Bus Inverter
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< Diode front-end> < Active front-end>
Input Filter FF?J%ttWEQnd DC Bus Inverter Féﬁ{vﬁnd Mé’,?g'gle

il aH ks
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5646

< Transformerless design> < Common DC bus system >
1. Low harmonics without additional equipment 4. Common DC bus system for energy savings
2. Four quadrant operation for energy savings 5. High performance process control

3. Transformerless design for compactness
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PPI:4.5kV/2.1kA(AIll IEGT)

Structure of Press Pack IEGT

Cross section of Press Pack IEGT

Emitter copper electrode Emiiter electrode

Gate substrate
T _— |

Molybdenum plate :-::_ E—— 1EG chip

*—— Collector electrode -~
Collector electrode

D IEGTchip

< Construction of Press Pack IEGT-Injection-Enhanced Gate Transistor>

Ui,

Toshiba IEGT(Presspack) 4500 2700 2100

*  U(g: The variables used in the table are: Maximum collector-emitter voltage of the device at 25°C
* Uy, Permanent dc-link voltage
* I.: Continuous collector current of the device
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High snubberless turn-off rating

High electromagnetic immunity

Simple control interface with status feedback
AC or DC supply voltage

Option for series connection (contact factory)

< ABB Commutated Thyristor 5SHY42L6500 IGCT-Integrated Gate-Commutated Thyristor >

Device Type Uy 1V

IGCT(Presspack) 6500 4000 3800

U cg: The variables used in the table are: Maximum collector-emitter voltage of the device at 25°C
U,.: Permanent dc-link voltage

I-: Continuous collector current of the device
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Linthal (Switzerland) AC O X} A|A

FE

Number of Units 4
Converters Per Unit 4

Apparent Power 44 MVA

AC Excitation Power 28 MW
Speed Range 470-530/min
Rated Excitation Current 8800 A
Rated Excitation Voltage 33kV
Semiconductor IEGT
Topology 3-level NPC
Starting Mode Rotor start
Electrical Starting Time 120s
Swiss Grid Code Yes
Crowbar Protection Yes

First Synchronization Dec. 2015

Excitalion Circuit
Breaker (ECB)

Switch (PRS)

Generator Circuit
Breaker (GCB)
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FHEH & A AHEH _ GEA ZHHE

Used in: Linthal (Switzerland) , Nant de Drance (Switzerland) and Tehri (India)

$ $ $

dHLr &9 4*250MW 6*150MW 4*250WM
HHE 88 28MW - 25MW
AHE M- 3.3kV 3.3kV 3.3kV
ZHHE| AKX} IEGT IEGT IEGT
rpm HEl: 470~530rpm 398.6~458.6rpm 206~250rpm
Control PIBe boards Grid side inverter ~ Rotorside inverter DC chopper stack DC chopper resistor

Inductor dV/dt-Filter

< MV7311>
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Avce (Slovenia) PCS-8000 AC Excitation

50 Hz Grid
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7}H < DFIM A|AE] — ABBAHPCS-8000) Z4HEf

Used in: Slovenia- Avc e of Soske Elektrarne Nova Gorica

UHL: = 180MW
HHE 82k 11.6MVA
HHE MY 3.6kV
A E] A X} IGCT
rom E9l: 596~604rpm

< A frequency converter built from five PCS8000 power modules >

PCS8000 AC Excitation2 3-Level IGCT(Integrated Gate Commutated Thyristor)2 P+S0{Zl DFIME 75 & HHE0|C},

OO L.
2702 34 Active Rectifier Unit(ARU)Z} 17H2| 34t Inverter Unit(INU)Z} SfLtC| DC Link2 ¥ZE|0 = 7X=0|Ct INUE
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Zstsiei7| W20 52 el ZHE{oM Floft 7|=0|Ct GTORl 20| =5 £4l0| o IGBTR H|mE 22 w2C}.
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7}HH= DFIM A|AE - 7|5
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7ItH=: DFIM A|AEL _ 7|5 AR A

/A\] Grid
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7tH= DFIM A| A8 — HX| A]#A

Muode

Grid

Generating mode
(250 MW at 234 rpm)
I
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Braking mode
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S2 —

Muain inlet valve closed
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U/Uy (%)

71

= DFIM AlAE-II 7|E —|E||:=||:

Country/region Australia China Europe Great Britain Japan North America Singapore
Nominal 50 Hz 50 Hz 50 Hz 50 Hz 50/60 Hz 60 Hz 50 Hz
frequency
Normal Interconnected System > +0.2 Hz 0.5 Hz +0.2 Hz Targeted frequency band: +0.2 Hz
operating system: £0.15 3 GW: Target or£0.3 Eastern Interconnection: £0.018 Hz
frequency band Hz +0.2 Hz frequency band: Hz Western Interconnection: £0.0228 Hz
Islanded System < +0.05 Hz Texas Interconnection: £0.030 Hz < o3| F7}9|
system: £0.5 3 GW: Quebec Interconnection: £0.021 Hz dglE 3acE >
Hz +0.5 Hz
Operational 49-51 Hz 49-51 Hz 49.2-50.8 49-51 Hz - Under-frequency load shedding: Under-
frequency Extreme Hz Under- Eastern Interconnection: 59.5 Hz frequency
tolerance band frequency {frequency load Western Interconnection: 59.5 Hz load
tolerance band: shedding: 48.8 Texas Interconnection: 59.3 Hz shedding;:
47-52 Hz Hz Quebec Interconnection: 58.5 Hz 49.7 Hz
I 1 I | I 1 I 1 I T I I 1 |
100 1 < Z7HE LVRT 27ALE >
90 -
85 - — Germany —— Ireland/Romania
?2 L --- Germany/Greece STI --- ltaly
70 —— Greece --- Poland
65 - :
60 —— Spain --- Cyprus
25 —— Belgium ---- UK
50 -
45 - —— Denmark .=~ Turkey
‘312 B —— France 400kV —— Finland, Sweden
30 - -~ France 63-225kV
25 +
[
~ [=) |
10 - Y At THAl HYS LHESHI |XI5H7| 9
oL 8l LVRT/HVRT7 R 7|0, U™ A28 0}
2e gusoMe 33 338 SN wn
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Time (ms)
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7}tH= DFIM Converter LVRT — H S EHK|
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7} < DFIM Converter 7| = - shaft voltage

Cy
A Common mode voltage frome stator-side converter
R e T T T T
= Statoi™ indi Cwr  Rotor shaft Stator winding e :
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({/‘ \!) % J— L 100 : :
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DX HM B HXKC,,), @R HMaE DX =2 (C,0)
ZIEXE HM(C,,,) 2NHX HMa F|HXE(C,,,) X} A M -EX}; T
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V| Inverter voltage V|! s ? Load terminal voltage "Ihtw th&ge = hb Fﬂtg

Tirne (rra)
< dv/dt 2E{7} S=4 2 THXI ¥ Y-DC-link voltage 750V >

WBGAXO| ALSC 2 THY) QIHE| 50| ME|0] M

ZIPCL 22

Intelligent Power Conversion Laboratory



7= DFIM Converter 27|
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