OB =7 |SHEAIY HISXHHT 5|15

AEMICH &

| L4 X| 2] 24

HIM

R&D/03 W&

ME A| AE
H&EX| JH g

2008. 5. 31
FRARIB/HIHEI AT
HSATIIB/(F) A0
HEIIT I B/ Y2 BT Etn
= E f o =
etxnAdduSI|=8}A



Ok

A

HERIMZ ASIH.

2008. 05. 31

o

—

<

—_—

0

o] A}

i

ki

Tor
=
ze)
=
~
B

ur
.mﬂ

)

o

B

O U
=

Ko

—_— — — o — — —_— —_— —

W F F F F F F

i

_50

il

—_— —  — — —

—_— — — —_— —

o

0
oH
%)

)A

)
Mo

ol
o

B

—

e

~

=
)| +0
iy

B/
Ao

o

\_ﬁo
—_
~H
o

B

olo
i

zel

X

o

B

.va
~

ol

o

B/

e

~et

o

B!




F0
12
MO

I. A5

L e e T Eap S R B R B e B

. d7/de] 54 4 384
AAA oz Bges oluA &7 Solx AARE FA8 Wb AaAs ey
A aw FEE AzNFeR A YA SAdUALs dAT A4 gl
Ao ol & stojak 2o Wasth oy mE A WE@05E 299 9

o2 ARFdM s dUuALREEY 247 WEFs A2 FAEHoR o838

v e Jhda] yrt

=

2§48 W] s S8 AR Uz TR X

AA AR 2HlE FolWA JofelgA e &8 A AR el A e

UICAI M = A&ate]l daddoe] mE ouA av&FEs S46k= A7ZIE F238]

Aol MaE s gk Fle] A Agle WHAA Aol 1 H ol
}_

nge Felden A%e TAE oprle Ao AwA,

webd AEag R rel el ddse] wdew AR AgHE el &
g3 9 e A/UAE ArgaA B AEA s Ao oA Aot A3 oy
A S AF LATAAZL W e 8 B Wt vido] AFH AAolT

AAR o2 ANAEANE 7| Ee] T2 AGSE A AEHA S Hste] 7

,I,



SHA H ol A 9

RS

AN zeelo] B

A 79

o

1l

3

o

L
A

T

& A s A
T% A =2 A 2F 20%

o]

.

1l

fie}

Fol BT A S 47

71E "5AE

)

O Z x}Eko] A

B

7
No

PWM 2] 4 Q1H B A

Asare vtz Qs a7t 716

wpebd Jelol iz &g w] AsA Yol

Abgel

ol

T oy

ol AFd714d

o]
A%

¢

A

F gk
53] AF 1500V A4S AHE

fsi3
=

t 2 iAol A 7)o

)

o & A

ATNA = 1.5MVA oy =] 3]

)

—~
fife)

=

2 7HaAgrel

[©)

Qo
S|

g FAME A28

g ot

.

1

5t

°

NI

1o

Zte A olnt. ol HA F 7HA

Hlo

A= =

)

5] 9

S

i

/dx%

d 7ess

s

&, oy 3 =

S

Wl s o] of

s}

=

154

A
l

ar

,II,



III.

S R B R et =

-(:51_

9

A&

EREEE

A 280 A

NI

1AW E A2 A

3]

1.MVA

=
[€)

B 7]

B

A5 1500V =A| A A 2~ E 9]

1L5MVA 3] A1 E 72

e
K

)

4
T

X
)
W

e

X

nE

—

N

=0

oo

N

: 1.5MVA (750kVA x 2EA)

&

- AR 84 vl

=0

)A
JJo

=
[€)

dlo

ol

!

T

(2) A7

wK

AWy A

jace]

o

At

2 A

¥

XO
T
N

K

7

)

NI

O 3|AARME Al2HEA

- III -



V. a3z

a
E

ol
W
X

e

NI

o

]

- o
Ry

| gloll A 3] A 5]

=

2 A

il

A

%

al

A= AR

=

o= 1,500V

A

X
of)
g

0

)

=K

A

o

-

1=

hya|
=

vl
=

Fel 388 A E e 34

°©

943 24

=1
=

Fol 3 A H
g

°©

7)) gk

139 ; 71274 A
et IS REPY

o<
o

ol
i

L

yil

o 419

tel 38 AWE e daels

= Nes

A A

1=
T

o

PN
T

ol
o
m

ol

] A2A

X

;g-

T
N

K

\

)

NI

A= BRI A A

342

<]

2}
2}

1E AA A

A

<

A7) el T

=1
=

7 ]

1.

<
=

e
7

[}

Z}
2}
=3

1

Al

 BAAME A

.
—a-

3

421d

—_
fils)

o

Mo

—_—
o

fite)
Njo
o
el
7o
ofo

N

,IV,



o

A AAA e dixel 1

V. aFddzte] EE8AF

A R &= 5 ok oy A A

o

ol
ol

F e vy ohe YA

o MR AM, HEANA BEG

_]

B

o =

J

!

e

S
LA

1,

Je 55

IS

A
vl

o=

al

7

s a2

HER

%

il
<

—_—
"o

P LI

3] Aol g A
w22 o et

)

H] 5] =

-
olm

ol A =] £]

A

| 22sloll A o] of

=

= A

]

B

o

o} %)

ARl el A ]I E 7}
& ATIA A A

IH

Kol mabr f-gutet A7) mA g ol A

3}
ol

3|
ZS|

=
— u

ol
e %7]FHE 1% "9 Aol 1%
A Al

o

-
R

2

-

4

&
LS

L 7]

=

Agbel A o] o %)

i

A
GrE setoln o] 34 g

PN
T

o DC
o A% dAAE H

o 3oy A]

of

i)

3

}1\_]__

oA @748

]
=

o FABATFAN NeTF FETE LATE Az



SUMMARY

I. TITLE

The Development of Energy Regenerating System for Electric Railway

I1. Purpose and importance of research and development

Recently, by advance in power electronics technology, some countries are
considering actualization of regenerative inverter to use a regeneration energy on
each line. When the electric tractions are stopped or driven through the falling
slope way, it is useful to supply surplus energy to the power source by
regenerative system in the efficient side of energy.

When the electric tractions are stopped or driven through the falling slope way,
the generated energy supplies other traction or a equipment inside traction.

A government can reduce construction of power plants to produce electric energy
and reduce energy.

In the research, the purposes are suppressing extra DC-line voltage and
regenerating the energy instead of suppressing DC-line to use a resister. Extra DC

voltage is regenerated by regenerative inverter to the AC-line.

III. Contents of research and development

First, the suppressing extra DC-line voltage and saving energy generated,
while electric traction is driven on the falling slope way or reducing speed for the
electric traction system using a 1,500V DC-voltage.

Secondly, the regenerative inverter is to assemble the prototype model[1.5MVA]
and realize the two operation mode of regenerative inverter and active power filter.

Thirdly, we make an agreement with Busan Transportation Corporation for the
verification of the developed inverter’s reliability and operational characteristic.

Finally, the prototype model of regenerative inverter and its incidental equipment
1s built up in Nopo depot, Busan Transportation Corporation and the test, no load

condition test, load condition test, start—up voltage tuning, and continuous operation

,VI,



test, is performed and verified its result.

IV. Results of research and development

In this research, we suggest inverter control technique, which are possible to
regenerate extra DC-power to AC-source-line and to decrease harmonic in electric
traction. This study has been performed by classifying into

1) Verification of the application possibility and an usefulness for existing

electric supply system by analyzing of circuits and current harmonics

2) When DC-line voltage rise, it is confirmed that an extra power is fed back

into AC-line by regeneration inverter. An active power filter is applied at
electric supply to decrease the low—frequency current harmonics when electric
power 1is supplied to DC-electric train system.

3) Interconnection technology to electric power system of regenerative inverter

are studied.

5) Adapted the optimal controller to the prototype model(3.7kW) and detected the

regenerated current.

6) Designed and built-up of 1.5MVA regenerative inverter and testing of

regenerative inverter and active power filter modes

7) Adoption of the developed regenerative inverter and its incidental equipment in

Nopo depot, Busan Transportation Corporation.
8) The test to tune up the regenerative inverter and to verify its reliability is

performed and the test result is investigated.
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F 36 4dolH
T 534 634 734 83 A
TPS +HEE A& | ¥AEE | E4EE | ZAEE
A1 [sec] 150 150 150 150
o AT [sec] 20 20 20 20
AP AL A} [sec] 30 30 30 30
S NING 168.0 168.0 168.0 126.0
A2 A3 [ohm/km] 0.042 0.042 0.042 0.042
At [V] 1620 1620 1620 1620
# 3.7 AlEEolA dolH
i 534 634 73 A 85 H] 3L
A B # o] A7 [sec]|1800~12000{1800~ 10000| 1800~ 11000|1800 ~5400| &+ 7+ 7] &
EFQl_2~Hl [sec] 1.0 1.0 1.0 1.0
5424 [pul 0.0005 0.0005 0.0005 0.0005
¥ 38 AFAH
T & 5354 6354 T3 83 A
A7t [V] 1357.3 1404.6 1376.6 1253.3
Ha st [V] 1770.1 1769.9 1770.2 1695.0
2paFol AulE F ol [kwh] | 15006056 | 96211.65 | 124472.87 | 16897.40
% 3449 [kwh] 66717.18 | 3120143 | 53804.04 | 7621.30
Holg7bs B AAY [kwh]l | 6019549 | 2768696 | 4858227 | 6776.06
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% WARE A [kwh] 2077.86 157.98 1154.54 426.42
% Braking Time/184 [%] 1252.0 1036.0 1129.0 317.0
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w9 [kwh] | 3ld¥ [kwh] | 53} [kw] | F 53} [kw
3633.034 0.007 4902.21 1282.25
4433.031 0.001 4899.16 1564.60
0312.292 0.016 6923.44 1874.93
5288.773 0.085 0809.72 1866.63
6235.076 0.108 8570.62 2200.61
6397.609 0.000 6983.83 225798
6290.989 0.008 10568.19 2220.35
5419.79 0.001 8295.78 1912.87
5836.999 0.007 7580.22 2059.98
6932.126 0.004 7818.12 2446.63
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0981.383 0.085 7492.10 2111.08
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549 [kwh] A58t [kwl | B3t [kw]
4802.388 7066.49 2108.37
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5282.359 6623.23 2319.08
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5301.007 9657.21 23271.27
5830.815 4639.85 2559.87
5286.495 5449.39 255797
6229.607 7115.84 2734.95
5899.433 6396.88 2575.51
5566.615 6245.28 2443.88
4561.096 0415.54 2002.43

1490.89 1928.85 654.54
#* 312 65 A
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Wi F5dE F oldA [kwhl] 75815.57
ol BA F3 & oy A [kwh] 0.23
Axd F &4 U A [kwh] 5146.510
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3 335 IPCCO] &ramjEA

) EA 5
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A A7~ (NGL) 17.20 0.630
1SS 18.90 0.783
SE7tEH 18.90 0.783
S 19.60 0.812
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of x| 3} 4] 3 20.20 0.837
A% =X 21.10 0.875
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@ High-Performance Floating—Point Digital Signal Processor (DSP):
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- 150 Million Floating—Point Operations Per Second (MFLOPS)
- 75 Million Instructions Per Second (MIPS)

€ 34K x 32-Bit (1.1-Mbit) On-Chip Words of Dual-Access Static
Random-Access Memory (SRAM) Configured in 2 x 16K Plus 2 x 1K
Blocks to Improve Internal Performance

€ x5 Phase-Locked Loop (PLL) Clock Generator

€ Very Low Power: < 200 mW @ 150 MFLOPS

€ 32-Bit High-Performance CPU

@ 16-/32-Bit Integer and 32-/40-Bit Floating - Point Operations

€ Four Internally Decoded Page Strobes to Simplify Interface to I/O
and Memory Devices

@ Boot-Program lLoader

€ EDGEMODE Selectable External Interrupts

€ 32-Bit Instruction Word, 24-Bit Addresses

@ Eight Extended-Precision Registers

€ On-Chip Memory-Mapped Peripherals:

€ One Serial Port

€ Two 32-Bit Timers

@ Direct Memory Access (DMA)

@ Coprocessor for Concurrent /O and CPU Operation

@ Fabricated Using the 0.18-pm (leff-Effective Gate Length) TImeline.
Technology by Texas Instruments (TI)

€ 144-Pin Low-Profile Quad Flat pack (LQFP) (PGE Suffix)

€ Two Address Generators With Eight Auxiliary Registers and Two
Auxiliary Register Arithmetic Units (ARAUs)

€ Two Low-Power Modes

€ Two- and Three-Operand Instructions

€@ Parallel Arithmetic/Logic Unit (ALU) and Multiplier Execution in a
Single Cycle

@ Block-Repeat Capability
@ Zero-Overhead Loops With Single-Cycle Branches
&€ Conditional Calls and Returns
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@ Inter locked Instructions for Multiprocessing Support

€ Bus—Control Registers Configure Strobe-Control Wait - State
Generation

€ 18-V (Core) and 3.3-V (I/O) Supply Voltages
€ On-Chip Scan-Based Emulation Logic, IEEE Std 1149.1% (JTAG)
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@ High Performance 16-bit CPU with 4-Stage Pipeline

- 80/60ns Instruction Cycle Time at 25/33MHz CPU Clock

- 400/303ns Multiplication (16" 16bit), 800/606ns Division (32/16bit)

- 311 -



- Enhanced Boolean Bit Manipulation Facilities

- Additional Instructions to Support HLL and Operating Systems
- Register-Based Design with Multiple Variable Register Banks
- Single-Cycle Context Switching Support

- 16 MBytes Total Linear Address Space for Code and Data

- 1024 Bytes On-Chip Special Function Register Area

@ 16-Priority-Level Interrupt System with 56 Sources, Sample-Ratedown
to 40/30ns

€ 3-Channel Interrupt-Driven Single-Cycle Data Transfer Facilities via
Peripheral Event Controller (PEC)

€ Clock Generation via on-chip PLL (factors 1:1.5/2/2.5/3/4/5), via
prescaler or via direct clock input

€ On-Chip Memory Modules

- 3 KBytes On-Chip Internal RAM (IRAM)

- 8 KBytes On-Chip Extension RAM (XRAM)
- 32 KBytes On—Chip Program Mask ROM
€ On-Chip Peripheral Modules

- 24-Channel 10-bit A/D Converter with Programmable Conversion Time
down to 7.8us

- Two 16-Channel Capture/Compare Units
- 4-Channel PWM Unit
- Two Multi-Functional General Purpose Timer Units with 5 Timers

- Two Serial Channels (Synchronous/Asynchronous and
High-Speed-Synchronous)

- Two On-Chip CAN Interfaces (Rev. 2.0B active) with 2 ~ 15 Message
Objects (Full CAN/Basic CAN), can work on one bus with30 objects

- On-Chip Real Time Clock
€ Up to 16MBytes External Address Space for Code and Data

- Programmable External Bus Characteristics for Different Address
Ranges

- Multiplexed or Demultiplexed External Address/Data Buses with 8-Bit
or 16-Bit Data Bus Width

- Five Programmable Chip-Select Signals
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- Hold- and Hold-Acknowledge Bus Arbitration Support
& Idle, Sleep, and Power Down Modes with Flexible Power Management
@ Programmable Watchdog Timer and Oscillator Watchdog

€ Up to 111 General Purpose I/O Lines, partly with Selectable Input
Thresholds and Hysteresis

OF OF. . 2efa £

2

19 3.237 Control E=(C-167) &3 A}
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ERPLLLEL b unah

1% 3279 TR2 A x| Az
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dddadd =

|

19 3.280 TR3 A X ARzl

1% 3281 TR4 A X Azl
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I 365 ©7] 54
DESCRIPTION TR-1 TR-2 TR-3 TR-4
Phase 3 3 3 3
Frequency (Hz) 60 60 60 60
Rated kVA 1,000 1,000 1,500 750
Pri. voltage(V) 440 440 1000x2 22,900
Sec. voltage(V) 666 666 22,900 440
Cooling method |+ HAHE A | F AR A | F A A4 | A AT A
Tap changing N.L.T.C NL.T.C
Vector group DdO Ydl Dd0do DdO
Pri DELTA DELTA |DELTAx2| DELTA
Connection
Sec DELTA STAR DELTA | DELTA
Rating Continuous | Continuous | Continuous | Continuous
Set of Transformer 1 1 1 1
. 3 A QI E FeA Y
1) =4
b B4 AME FAADE AR 9 A wE Aol 4 AME ) W
HAY WE AL Al YT S Fa drh
() R 8F A (@GTkWI00kW)e] Ael/AR/ AR 5ol T Age %
s},
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2|4 Qe Al MH|

i [MAlcH HHol x| HYA~E |
LV SWGR Rectifier :DC SWGR HV SWGR

§ TR.3%
' b @ N O) 1/22.9KV
ACB 3P IN: 3¢ 440V ! 72KV 200A 72601200 3
0 OUT : DC 1500V | Ny | [= 8 Inverter #1 . _ cra T_bOKQ\‘fA X2
1000A i =3 YN DC 1500v PR (Mol ER) |
W/TRAMVA X 2 | VC 7.2KV200A CUT :3 1000V X 2 ;
) ‘ A50KW

CEAZE 7R0KW.

(12 Pulse Type) I |

B 40 Inverter #2

Generator . 1
v | [IN:DC 1500V

3¢ 440V T jouT 3 1ooov X 3T

?g;iz 750KW

EHA| ZET50KW
(future)

Control
Source

TR, 30
L 22.9/0.44KV EHV SWGR
UPS 750KVA iz
IN- 34a40M (HE8HAS) wiFuse 40A + wiFuse 404
OUT:3¢380V A
SKVA

/—T ? b -
wv'L L LA of @ 3 ¢ LBs é @
MJ“e Vs

LBs LBS
Aux Power CT.PT. 2t MH wiFuse ST s
Eiatol 2021 154 154 15
LAZIB AL 4 /
i @ @ G
Remark
N : AC 3¢ 440V
I : AC 3¢ 1000V
B AC 3 22.9KV |—’W\'_||—’V\’\f_H—’VV\F|
E=1 : AC 3¢ DC1500V
Load Set Load Set Load Set
22.9KV 22.9KV 22 9KV
375KW 375KW 375KW
(FUTURE)

19 3282 AAWE AFEAH A=

(2) A3 3= 74 L HH
(7h AN@3l == a9 32829 2ol A5, DCHSHS 1600VE she] 3482l
HE 7 E0lEY s E = A e it

(Wb 34 I E 89 0 30 1000V 60Hz

(th A1
- AgAn el LV SWGREHS] D€ on, EHV SWGRFHS] O3 @< on Al
2t}
- AC 9849 30 380VE <l7lstn A e F 34 ¢IvEe Bz
¢ S/WE ONgEHo
- 34 <I¥Ele] RUN S/WE ONAIZIth RUNZA$IAE ONAZIE DC
SWGRRFE] @7F On¥al 3| AQIHE o] AWM wWl=o] DCE FHAZH
SAAZITE AW E S AdA W=l DC-Link#d ¢ke] 1500V7F ¥
DC SWGRYF] Mo] offs) & DC SWGRH¥H] @o] on¥e] Pre-charge’}
Snuo] AW E Y Fato] FH HA @k FH7F &8 HW DCHSH

O_l_;
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ol wWal B A=,

- 34 AR FAste] ¥ dSeke] 1000V7E He=AE &9 F
SWGRRH] @3 @& FH g
- A W EH ACEE A R 29474 DATAE A5 F Ad

53

() A A

EHV

S
=

slMolHH &M A(RMS)
1020.00
1010.00
L 1000.00 gy AR A it Attt iy At
= Pt A ot A I A A i
ol 990.00 F= bl
K
K 960.00
97/0.00
960.00
134 67 100133 166 199 232 265 298 331 364 397 430 463 496 H29 be2 b9 628
Al 7HSec)
|— S| MOIHE Rat et 3 MOolHE SAF FRH — 3| MOIME TA Hef
19 3283 AP ARANE EH Y
g 4oIuE W FRMS)
500,00
450,00 ; o -
400.00
g 350,00
Ej_t 300,00
gl
250,00
200,00

150,00
120 33 58 77 96 115134 153 172 191 210 229 248 267 285 300 324 343 362 381 400 413 438 457 476 435 514 533 552 571 550 609 628

AlZHSec)
|—ZOIHE 1 HE  SM0IHE o HE —31M0IHE 3 35 |

09 3284 REAY FAAWE AT
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s|dolvH 48 &3 (RMS)

270,00

250,00

230,00
. 210,00
E 190.00
ﬁ?li 170,00
[ 150,00

130,00 [ P

110,00

90,00

1 26 Bl Y6 101 126 181 176 200 226 291 2'15' %Dllr3223?1 376 401 426 451 476 B01 526 551 5VE BO1 B2E

| — S MoIbE PR E H3)  HMQIHE PASE H3) — M E PIFE T2

a9 3285 R AW HAAWE FEAY

2| 4 2IH E[ A = (RMS)
800,00
700,00
500,00
=
g sow
Al an0.00 —
Fd '
300.00 :
200,00 |
100,00
126 B 76 101 126151 176 201 226 251 276 301 326 351 376 401 426 451 476 501 526 651 576 601 625
el 3 b
‘— S MOIHE (e HE)  FHMOUHE wWEE H8)— 3 dHH QR E E‘@')‘

1 3.286 oA E B AIHY dE

ol a-ELS A AME RIAE F4 dlolE ol

(7h) EHV SWGR ®Fe] @& on ¥l 3|4 AHHE SAAAA THAA B
T vkl o] 375kWe| F-3t Adr|E FYste] FJAJAWE ] FH3E S
t}.(1-300 %F)

(b)) EHV SWGR ¥Ho] @& A% on¥o] &= A4 EHV SWGR W] @
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& onAlAA FrEH o R 375kWel -8t AT E F]lske]l T50kWel Fak Ald s
A A8 THE00-600).

do Ane 2w H4 AvE 29 gL Bah AINE THKW FYRLT
IGBT B2 A7 &< 490A o < = A
o obel & 366€ 375kW R A3/1% AARL A4 AW 2 Y Az
o]t

3,66 375kW R4 F7) FUA Sk

V) A (A) PRSI RS

2
it

Ul|U2 |03 | 11 | I2 |13 |®EVA/| KW |[(KVAR)

Fat | 992 | 997 |1001 | 219 | 215 | 217 | 375.6 363.0 96.1 |0.9665
HA | 988|994 | 998 | 210 | 212 | 213 | 370.2 357.4 94.2  ]0.9651
Hh | 995 | 1000|1005 | 222 | 218 | 221 | 380.5 368.1 98.4 |0.9678

91 oAl Bz whe} o] A UL, U2, U3 9 #ol A2 Walrt §lo] wstel
g ew vstow 3BKW Fats Wdaw FEAHEF H g2 363.0kWo
AL, FH Ak 357kW, HAlgt2 368kW= =74 = 3t
Bt kS 09665, A2 09651, H gk 0.9678= =74 ¥ At

J
1
rlo

th 34 IHE AT dA 2 B AlY

(1) =4
b B4 AuE BRAA AT Advke] AAA APFL 24 wlwske] <

7hH A3 2s “SAJHE FeiAd Ty Ze] sk, DCAYS 1600V =
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(b A e =9A : 30 1000V 60Hz

(th A%

- Al@Adnle] LV SWGRRF] D& on, EHV SWGRW] @3 @%F on A

1=8

S AC A 30 380VE Arbela g el F 84 AwEe mzd

9 S/WE ON#t),

- 34 AW EY RUN S/WE ONAJZIth RUNZ9IAE ONA7IH

DC

SWGRHES] @7F On¥lal 3B e AN wWao] DCE FHAIH

SAAZI7E AWM E e ARA wW=9] DC-Linkd kel 1500V 7}

2l

DC SWGR®FY] Do] off¥la2 DC SWGRHYFe] @7} on¥ ] Pre-charge”}
ks Eo] IAJAME s2to] FH] HA Hrh F#H7F g5 HW DCHASY

of wel 5 A2z

- 34 AW E7F F2bste] 9 Skl 1000V7F He=AE Fels =9 {4

X

o

150kW=E EUE oo =43 Fo LV SWGRuHE] @(LV2)S F

59

Sicia=
A ziel LVl 34 <lv g, LV2e ACEY A 2 =HHHF
DATAE A5 F Ads T2
(3) A% A3
2H I 23 A 2HRMS)
440,00
435,00
430,00
g 425,00
7 420,00
%l 415,00 e ' =
M I PO R A P
410,00 s
405,00
400,00
1 28 BE 82 109 136 163 190 217 244 271 298 325 352 379 406 433 460 487 514 541 568 55
A ZHSec)
[—2Eo U Fgf 9IRS e EY — 2z Uz HY]

1% 3287 AlEAA EEAY BV A%

o
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LAY E4H 8 FRMS)
80,00
70,00
50,00
7 50.00
1F 40.00
1 30,00
20.00
10,00
0.00
1 28 bbb 82 109 136 163 190 217 244 271 298 32k 3b2 379 408 433 460 487 514 b41 EB8 B9
AZHSec)
[—g2nEg  9EdpEs —wH BEE]
9 3283 AlEAdA EE&AE 2V 289dF
cigain =
50,00
45,00
40,00
35.00
< 30,00
Rl e e e MM i o it MMM s s mai e S s
7] 20,00 I ——rreeReE s = -— — dhtata gl
P Y P i Wl g P e e L e
10,00
5.00
0,00
1 29 57 S5 113 141 169 197 225 253 281 309 337 365 393 421 449 477 505 533 551 539
A ZHSec)
[—2ar matad 9y gaeY —ahiy 2|
7 3289 AlEAA ZEAY Y] A9
Lv1 &3 8 2H(RMS)
440,00 |
435,00 |
430,00
5 425.00
I3 420,00 -
i g o R s g  h B s At e e o T i s S YRR
Tl 41500 e e e e P e (R P ey ST i e ey
410,00 : A A oyt T ""“‘""‘““""’:
405,00 |
400,00

1 30 B9 88 117 148 175 204 233 262 2971 320 349 378 407 436 465 494 523 BE2 581 610
Al ZHSec)
(—Liu EY LV U2 EY —Lvi U3 Y

29 3290 AFEAA BEAIY LV]I 94
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230,00
270,00
260,00

2 250,00

iF 240,00

%l 230,00
220,00
210,00
200,00

1

31 B1 91 121 161 187 211 241 271 301 331 361 391 421 461 481 511 b41 b71 601 631
AlPHSec)
|—LV1 wa= LV I2EE —LV113 I.j1§r|

2% 3291 AEAA EE&AIY LV]1 2947

250,00
200,00

160,00

EHEK)

100,00
50,00

000

1

30 59 88 117 146 175 228 23 bep 291 320 349 378 407 436 465 494 523 552 581 610
Al ZHSec)
[—LvimaEE v §888 —LvI Ea09]

1% 3292 AlEAA EeAd LV1 A9

1000.00
990.00
980.00
970.00
960,00
950,00
940,00
930.00
920,00
910.00
900.00

T W)

b

AOIHE Z3H T URMS)

131 61 91 121 151 181 211 241 271 301 331 361 391 421 451 481 511 541 571 601 631
AlZHSec)
[ —E40IHE UI HY  FM0IHE U2 By — 340IHE UsHY |

a9 3293 AlFdA E&AE LV1 SAJMHE S5
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2|40l El =28 F(RMS)
150,00
140.00
~ 13000
=
iF 120,00
" 110,00
100,00
Q0,00
131 B1 91 121151 181 211 241 271 3071 331 361 3971 421 4571 481 511 5471 &71 6801 631
AMZHSer)
[—3 4B N HE MM e HE —3FMoIHEH 3EE]
2% 3294 AEAA E&AIY LVL 38 E 945+
2| MOIHEl M
250,00
200,00 |
< 180,00 S
mr
izl 100,00
50,00
0,00
1 31 BT 91 1211871 181 2171 2471 271 3071 331 361 391 427 457 481 611 B B71 801 631
AlZHSec)
[ —3MoIHE DAEE  HM0IHE SEFE — 40 HE 25T
a9 329 AlFEdA E&A1E LVI AJIHE dH
Lv2 &2 8 2HRMS)
440,00
435,00
430,00
g 425,00
I 420,00 ‘
T [radlrprA ey A oo b it o it i e o e s £t s Ll
1 415,00 AT e e b s i e A bt el e e R i s
WWWWW*WVW
410,00 '
405,00
400,00

1 29 BY 85 113 1471 169 197 225 253 281 309 337 365 393 421 449 477 505 533 B61 539
AN ZHSea)
[—Lveui ®gf  Lve Uz Eer —Lv2 U3 HY |

2% 3296 AEAA EEAIY LV2 =8dt
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Lv2 E3 M F(RMS)

280,00
270,00
260,00
2 250,00
1F 240.00
FR1 230,00 el s o 7 itk Rl
220,00
210,00
200,00
1 28 BL 82 109 136 163 190 217 244 271 298 325 352 379 406 433 460 487 514 b41 HE3 595
AlZHSec)
[—Lv2 85 L2REE —LWw2I3EE]
a9 3297 AlFdA a8A1d LV2 28R/
Lv2 B
250,00
200,00
< 150,00
i
7] 100,00
50,00
0.00
1 29 57 85 113 141 169 197 225 253 2871 309 337 365 393 421 449 477 505 533 561 559
AlZHSec)
[—LvenddE v gadE —Lve 250

e adES A AHEY ASAA B B AT F4 dlelE ol

(7h 34 JAWE e =7 dfol AlEe deka Ade s WHES A A

b

domne AT Adel 94 FNNEE Wolsh o] AEE JFo AT ALY
54 e Agel A9 BE ANAIE PP AesA

(L) 34 AW E 7L s2ete] & xsto]l 1000V7F HeAs S5 =8 @S
150kW=2 RUE Z2awod =43 Fo] LV SWGRHH @0LV2)& F3e]
AsAAet 3|AAJAME Y] &85 S8 th(1-300 7-7h)

(th 2719l =32 LVIelA A77Ieh A E oA Lu|shes A9 ol A
AsArAsel A= Ag@ Lv2e] AgFe Mgy

71 @t Lviel Add, Lv2e] Ad@e 24 Ate
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fo] A¥=E B uf A CIHE AEGA T&S AEdA TAEEE fFE2dY
2o LVIQ 162.0kWolal 3= AR Fadedgde LV2e] 144.7kWeoltt. -z 7],
AW E, LV, LV29 Ztzte] Ay =S & 3.67°] R AT

& 367 AFdA 2eAd 4%

3+t = =l

2 d =] kW) 19.0 17.2 20.7

1 7] 3749 (kvar) 12.77 9.5 20.8
97419 (kVA) 22.9 20.8 25.6

2 d =] kW) 161.5 159.5 166.0

LV1 879 (kvar) 50.5 48.5 52.4
9718 (kVA) 170.5 167.5 173.6

fr2d = kW) 152.0 149.5 155.0

314 Y| FE e (kvar) 96.2 94.2 98.6
9718 (kVA) 179.9 177.1 182.1

fr2d = kW) 146.2 142.5 147.1

LV2 a9 (kvar) 62.6 60.1 65.3
49 (kVA) 157.6 155.6 159.5

9l HollA B Bhe} o] fEAEe Wy, LV, SAAHWE, LV2eA f&
e gk A7 19.0kW, 1620kW, 152.0kW, 144.7kWelil, gk
17.2kW, 159.5kW, 149.5kW, 1425kWeli g2 20.7kW, 166.0kW, 155.0kW,

SAHE B&e ARV SAAWHAA Lushs Al Lvie] Aol
A sl Agdel Lvae] dewe 7pR AdEoe A &g
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2k 314 QW E axsk AR A

(1) =4
b #A AN Aguc DCPEAge] e H o] ACHAZ nxd L
2 229 123 AA S g}

() AARE nxde] e ZRdn

(2) A3 3= 74 L HH
7h A3 =e A E Foird"y Zo]l A, IJAQIHE A[FAH|
AA o 7] SollA T nxIE AA sk
() 34 e e Wy AAA
- 34 AW E EE A9 1 30 1000V 60Hz

(th A1
- AlgAdnle] LV SWGRHEe] D& on, EHV SWGR®e] D3 @F on Al
Edh=3
- AC 9849 30 380VE 7bstal Ak 2 F A dWE e Bz
4 S/WE ONEHt,
- 314 <M E <9 RUN S/WE ONAZIth RUNZ9IZE ONAZ|™ DC
SWGRYFe] @7F On¥ i 3AQIHE S AdA wWae] DCE FHAIZITH
SAAZI 7L AW E e AdA WA DC-LinkdSke] 1500V7F =™
DC SWGRHHe] Deo] off¥laz DC SWGRHFS] @9] on¥ ] Pre-charge”}
S so] AU Fxfo] FH] HA Hrh FH|7F &5 HW DCHY
o wet F2hs Al Zgkh
- A AWEZE s2ete] EEAYge] 1000VE HeAE SRS 28 s
150kWE RUE Zza=ioa A3t}
- WA xS A7 7]se]l Asuet ZASsue] DATASE A5 ¥ A

T 5 gt

L)
o

() AN A
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T

(7h) 3 A QJAHE 7} Pre-charges o] &= dEldA] 34 AW E = DC Aol
2 MAIAYG ole Aol mEy AzF AWz F5# 32 E DCAYS A A
%t ojAo g LElrhx] YEE i}
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e s o F Atk A AWE = DCAYel F 3
20 AzF ARE ARE Ho] A7) wiEed olwjoll= 3| A AWE]E A F2ho] of
U nzxst Az AuE F7 o] v §3 FolA BAske xuE A 8k
Hafol Al LA E A E ax Afel o By 1xn AFE 3K AW A
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Az AfFd e B 1x29 AFE F99h
(th A% AFe Fat FolA BAHA= 1235 A AWEHI}E AA 35
22 AF AFe 123477 AAE F49 18 545 7HA "ok
el AdEs B u A AWEE A AWE S < Al nxd A7 A
A2 &8 d F o] ofF 78 52 285 45 F Urh
nb, 3|4 IWE FEAE 23 A
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(7h A MA HekrT DCYE Aol Be Aol ACHY S Fade B
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() AARE Faddge F& AT

| Ak, AW E Al dAdH

2) Ag 3=z 74 R g
7hH A3 2s “IAJNE FeiAdry 2
Al G577 sol A wAskE axzvE AA sk
(L) 314 <IuE o] Wy A A
- 3 AWE EF A 30 1000V 60Hz
- FEdY BY 7e
(th Ald W
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DC SWGREFY] @Deo] off¥)az DC SWGREHe] @9°] on%©] Pre-charge”}
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