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Speedgoat RT-Simulator & RCP o MATLAB/Simulink Based EGSTON Power Electronics
Power System & Power . ) . o
Electronics Modeling ® 4Q amplifier for grid source, ® Signal Amplifier :
. . o EV(Motor, Battery), PV, Wind.... Current(5Arms)*4Ch /
® PSSE to Simulink CH& e P-HIL application Voltage(110Vrms)*4Ch(Max 1.2kW)
: : Grid measurement or control
® Siemens Simcenter AMESIM : @ Includina strong technical ¢ ST
Multi-Physics Modeling copport application like PMU, IED
® Speedgoat (BHEREZ) ® Including strong technical

® HIL / P-HIL system integration for
grid connected and EV application

@ Including strong technical support

e H/W based Controller HIL
System

support
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g Customer WithBEER XN Partners
Dlscussuon D|scu55|on
requirements requirements

System Design Power Amplifier

Research & Develo
? HILS / P-HILS EGSTON

Multi-Physics Simulation
SIEMENS

System Integration

High Reliability Product

e High Power : ( Real-Time Simulation
e High Reliability ) Develop Signal I/F
e High Efficiency Prm{lde_for P 219 Offer Item Inno-X [ Speedgoat ]

_ : customize
® Multi-Function solution Current/Voltage Signal Amp.

- e
| .
Technical Support Sales Network

Power System & i . . :

Power Electronics Applications Technical Training ¢ m
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Power Amplifier ‘& A&

Power Amplifier 4 X|H - SFP Interface

Amplifier Parameter Tuning
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1. 75 A|IAHE [

O L X['H 2| 7| H7HE 3 DXX| 2l M E

- 400kW Power HILS
- 7Rel a8 =2 ‘-‘-EHi X017
H|=||- (m] Alo-l_Q_ % m|

o
- &L RAD ZEMA EHE F
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CPU

Intel Xeon 4GHz, 6 Cores

H| 22| 32GB
RTOS
FPGA Xilinx Kintex-7 325k
Analog 16Ch Differential, 16-bit
Input
Analog . .
Output 16Ch Single-Ended, 16-bit
Digital 10 56Ch TTL I/O lines
SEP Comm. 4x SFP+ cages for Power

Amplifier

With Best Engineering & Essential Responsibility

SEPENTETY

A|AEl
Intel Core i7 4.2 GHz, Intel Core i7 4.2 GHz,
4 Cores 4 Cores
32GB 32GB

Simulink Real-Time

Xilinx Kintex-7 325k Xilinx Kintex-7 UltraScale 1450K

32Ch Differential, 16-bit -

24Ch Single-Ended, 16-bit -
8Ch TTL /O lines 14Ch TTL1/O lines

- QSFP(SFP+10Gbps)

& /////

E=——"

ZEIEA 07| SHE

Intel Celeron 2 GHz, 4 Cores

4GB

Xilinx Artix-7 50k

20Ch

12Ch

14Ch TTL /O lines
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EGSTON Power Electronics GmbH - CSU200 1GAMP6-HV * 2

Rated System Power
sy oc
Z|CH &3 FI}l=[Full-Range]
EE UL
Delay Time[Typical]
HIL QIE{ T o] &

Setpoint Time Step

ZCH AcHY/H R

Z|CH pc MY/ 7
With Best Engineering & Essential Responsibility

Total 400kW(200kW * 2)

3 Phase AC/ 3 Phase + N / Single Phase
Single Phase + DC / DC-Bipolar / DC-Unipolar

~5kHz
~15kHz
28us
5Gbps SFP(Fiber Optics Communication), Analog

Z|TH 4us
th= HE g2
3¢} 485Vrms / 240A ) 3} 485Vrms / 480A
The 565Vrms / 360A 3¢} 565Vrms / The 750A
820V / 840A 1500V / 840A 820V / 1680A

10
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Power Ampllfler 1
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Power Amplifier 2
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|
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4. AN A|A”ED M — ESS PCS Power-HIL

Power-HILS Configuration

Virtual Power Plant

Real Plant

Real Battery Power(DC)

42| Ho7|
S BUEY AlAY

\

y

Dis-Charge
Operation

ESS

PCS

Ul Controller }‘---. ;-+| External Interface

-

lﬂaiReailnr
ESS PCS System1—
Sensor 1 Sensor Sensor
Contactor = Cor:r:l:on {_jontactor
System v
Charge -
Operation

<
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Real 3 Phase Power(AC)
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4. AN A|2E 1 — Power-HIL ale

Power-HILS Configuration

Virtual System Real Plant

Virtual Power System
ESS / PV / Load / Wind
House / Factory

Set Point

—

TCP/IP

SFP
C—

Measurement
Current & Voltage 8

& > S
| 38 Real Power(AC) =ﬂ= :ﬂ:
3 Phase

Set to Output
28 usec

With Best Engineering & Essential Responsibility 13
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. P-HILSS| Power Amplifier 8587 22
. Amphﬂer CIH OOl A
O|E—|J.L|O|/\ E|'O| Ana|og
. &4 QI I O] :SFP / Fiber-Optic (Aurora Protocol)
: %H-J—.'“-E . Z|C 5Gbps
. EMAIZHAIE 2 O|Ef €« >Amp) :ZICH 5~ 10 Micro-Sec OFCt
- Setting Point : Current or Voltage
- Sensing Data : Current & Voltage

. Delay Time [ Input to Output ]: < ==& Micro-Sec
- Voltage slew rate : ex) 12V / Micro-Sec
- High Frequency Range : DC ~ 5kHz [Full Range]

- T 7t ot2Y : ~ 15kHz (100t

With Best Engineering & Essential Responsibility
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6. Power Amplifier d= Al& T3

. Power Amplifier & E7 A& 74
A7) Analog Setpoint £3 [T I}, AFQILY
. QAZAFAI: Analog setpoint & Amplifier &

Setpoint
Analog Control

[Square, Sine]
o

Amp Cont.

[ooﬂﬂ

QMEATD

Monitoring . - )
Control PC = ==

With Best Engineering & Essential Responsibility

EGston Power
Amplifier
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7. Power Amplifier & Ald - 8H7d ale

L xX _9ocky
O T o-do
are

Waveform

- Power Amplifier ‘3
. Analog & &: Squa
. FIbg 100HZ
- Duty: 50%

- Analog 8&7d: 20us

800V 800V
" TELEDYNE LECROY I TELEDYNE LECROY
Evorywheroyoulook” | Everywheroyoulook”
600V : ; : ; : 600V : : |
.
| s | " ‘ ‘ l PN -
200V 200V :
i :
-200Vv 1 -200V :
|
-400V — -400V/ T
600V : ; i ; : | 600V I
I
800V 800V, Q'z c'z
-11ms -ams -Tms -5ms -3ms -1ms - 1ms 3ms 5ms 7ms 9ms “2.988ms 3.068 ms 3.168ms 3.268ms 3.368ms 68 m: 3.568ms 3.668ms 3.768ms 3.868ms 3.968ms
Measure Plms(Cl)  P2rms(C2)  P3ms(C3)  PAms(C5)  PSms(C6)  Pems(CT)  PTfrea(Cll  P8:frealC2l  PY:frea(C3) P10--- - P11~ P12--- Measure PLms(Cl)  P2ms(C2)  P3ms(C3)  P4ms(C5)  P5:ms(C6)  PGms(CT)  P7:rea(Cl)  P8:frea(C2)  P9:frea(C3) P10--- Pi1--- P12---
value 4017V 4034V 58 mv. 45mV 61mv — 100.00603 Hz  99.999896 Hz value 40mv 3%.2V 4040V mv mv 68 mV — — —
v v v v v a v v v v v & a a
[Tbase -3.468 ms|| E2/H EIEN
2.00 V/diy ] 2 Bits i
00mVo ; 12 Bits 12 Bits

X1= 3.468960 ms | AX: 000 s
X2= 3488960 ms "ARTTIUUUURIL

With Best Engineering & Essential Responsibility 16
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. Power Amplifier 45 58 - 394
. Analog 21 3: Sine Waveform
. L= 100Hz

. Analog &&%: 1us 0|5}

8soov 8soov
[ELEDYNE LECROY o~ TELEDYNE LECROY
Everywhereyoulook” ‘ Everywhereyoulook:
600V 600V
400v 400v
- /\ | /\ -
- o P’-—’M‘
-400V 400V
-600 vV -600 vV
-800V -800V
-20.1ms -15.1ms -10.1ms -5.1ms '109[15 49ms 99ms 149ms 19.9ms 249ms “226ms 246ms 266 ms 286ms 3.06 ms 326ms 346ms 366 ms 3.86ms 4.06 ms 426 ms
Measure P1:rms(C1) P2:rms(C2) P3:ms(C3) P4:rms(C5) P5:rms(C6) P6:ms(CT7) P7-frea(C1) P8:frea(C2) P9:frea(C3) P10:-- - P11:--- P12--- Measure P1:rms(C1) P2:rms(C2) P3:rms(C3) P4:rms(C5) P5:rms(C6) P6:ms(C7) P7:frea(C1) P8:frea(C2) P9:frea(C3) P10:- - - P11:-- - P12:---
value 52mv 2226V 2226V mV 50 mvV TTmVv — 99.818908 Hz  99.930050 Hz value 53mv 1099V 1101V 55 mV 48 mV 76 mV — — —
status v v v a a a
With Best Engineering & Essential Responsibility 17
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. Power Amplifier d& &4 - &4
P oo To - oHOo
- Analog & 5: Sine Waveform
U= 1k
. Ur==: TkHz
A | O ClHA]. 18.7
. na Og o Ho. WAVES
800V 800V T |
y /| TELEDYNE LECROY 3 o~ TELEDYNE LECROY
'? Everywhereyoulook™ ! | ‘P Everywhoreyoulook”
R
600V 600V 1 |
I
) |
400V waigy 1 |
AN
I
200V | |
200V . I
AN
B
[) E |
I
-200v | {
200V | |
I
400V : |
) |
-400Vv E [
I
-600 VvV & I
) |
-600V I |
v csl  c3
“3473ms 3523ms 3573ms 3.623ms 3673ms 3723ms 3.773ms 3.873ms 3.923ms 3.973ms
-800V Measure P1:rms(C1) P2:rms(C2) P3:rms(C3) P4:rms(C5) P5:rms(C6) P6:rms(C7) P7:frea(C1) P8:frea(C2) P9:frea(C3) P10:- - - P11--- P12:-- -
“2364ms 2.564ms 2764ms 2.964ms 2.164ms 3364ms 3564ms 3764ms 3.964ms 4.164ms 4.364ms 46mV 2259V 2233V 56 mV 52 mV 3mv - —_ -
v v v v v a a a
Measure P1:rms(C1) P2:rms(C2) P3:rms(C3) P4:rms(C5) P5:rms(C6) P6:rms(C7) P7:frealC1) P8:frea(C2) P9:frea(C3) P10:- - P11--- P12:-- - |Tbase -3.723 ms|
value 53mv 2257 2231V 56 mV 51mv 3 mv — 999.91681Hz 999.29259 Hz 2.00 V/di 3
status v v v v v v 0.0 mV of 12 Bits
6.0 m' X1= 3.7195556 ms = 18.7644 us

00
0.0mV o

With Best Engineering & Essential Responsibility

X2= 3.7383200 ms WLA- 0323z ANz
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. Power Amplifier 8= &3 - 89
. Analog 21 3: Sine Waveform

. FIt: 3kHz

. Analog 8'&7d: 18.5us

800V 800V ! |
V] TELEDYNE LECROY | V] TELEDYNE LECROY
Everywheroyoulook { | Evorywheroyoulook
; |
600V 600V I I
] |
3 |
400V i i
400V ! |
! |
1
200V i I
200V . |
|
K / ! /T
|
200V : :
200V | |
1
400V X :
-400V ! |
1
600V I
! |
600V | |
ooV GEE ¢
“A100 s 480 s 260 ps 240 ps 820 ps 820 ps 840 ps 860 s 480 s 2100 ps
-800V Measure P1:rms(C1) P2:rms(C2) P3:rms(C3) P4:rms(C5) P5:ms(C6) P6:rms(C7) P7:frea(C1) P8:frea(C2) P9:frea(C3) P10:--- P e P12:2:=
“3.222ms 3322ms 3422ms 3522ms 3622ms 3722ms 3822ms 3.922ms 4.022ms 4422ms 4222ms  value 48mV 2450V 2405V 53mV 53mV 3mv — — —
v v v v v a a
Measure P1:rms(C1) P2:rms(C2) P3:rms(C3) P4:rms(C5) P5:rms(C6) P6:ms(C7) P7:frea(C1) P8:frea(C2) P9:frea(C3) P10:--- Pt P2 -3.8516 ms| | E:
value 43mv 3

15V 2233V 51mV 52 mvV 78 mV — 29934673 kHz 3.0003164 kHz v iv/ 2.00 V/di -
v v v v a v v 12 Bits

X1= 38505254 ms = AX= 18.5742u
X2= 3.8690996 ms WLA- U3.0301 ArZ

status

v
00
0.0mV o

Ay 110.13 V| Ay

With Best Engineering & Essential Responsibility 19
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. Power Amplifier 45 58 - 394
. Analog 21 3: Sine Waveform
. FLf==: SkHz

. Analog 8&7d: 20.0us

800V 800V
AW TELEDYNE LECROY
Everywhereyoulook

V] TELEDYNE LECROY
‘P Everywhereyoulook

; |
! |
! |
500V 600V i |
! |
' |
=6 400V i |
! |
|
200V i I
200V ;

, ; |
200V [ |
200V i |
400V :
I I ! |
o
|
|

i
I
1
i
i
1
1
i
800V ca [exrazem) c3

400V
600V
600V
“a25ps 220 s A5 ps A0ps 25ps 25ps A10ps A15ps 820 s 825 ps
-800V Measure P1:rms(C1) P2:rms(C2) P3:rms(C3) P4:rms(C5) P5:ms(C6) P6:rms(C7) P7:frea(C1) P8:frea(C2) P9:frea(C3) P10:--- P e P12:2:=
“3602ms 3.652ms 3.702ms 3752ms 3802ms 3.852ms 3.902ms 3.952ms 4.002ms 4.052ms 4102ms  value 45mV 1806V 1453V 54mV 47 mV Tmv - — —
v v v v v a a a
Measure P1:rms(C1) P2:rms(C2) P3:rms(C3) P4:rms(C5) P5:rms(C6) P6:rms(C7) P7:frea(C1) P8:frea(C2) P9:frea(C3) P10:--- Pz P12:-~ ITb  -3.8274 ms|
value 49mV 2415 2240 6 mV. 46mV mv

— 49841950 kH; 4.9978340 ki',l . iv] 2.00 V/di 12 Bits

X1= 38206428 ms | AX= 200566 !
X2= 38406994 ms WAAZ"HS 0305 Kriz

status

Ay

With Best Engineering & Essential Responsibility 20
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n

- Power Amplifier ‘d& 57 - Slew Rate
. Analog & &: Square Waveform
. FIb==: 100Hz
» Duty: 50%
. Slew rate: 10.9V/74.42us (Z|CH: 27.18V/us)

800V | 800V LT
O TELEDYNE LECROY I TELEDYNE LECROY
| Everywharoyoulook Ll Everywheroyoulook
| i
600V | 600V 1 |
| L
'l
400V 400V ¢ ¢ ; ; 1 I
| L
| ol
200V 200V
| |
| i
- ' - al
| H
| Ll
200V 200V z
| i
| i
| L
400V | 400V : |
| i
| -
600V | 600V : |
‘ | il
800V c2 c2 0V cx
“3234ms 3.284ms 3334ms 3384ms 3434ms 3484ms 3534ms 3.584ms 3.634ms 3.684ms 3.734ms “3461ms 3471ms 3481ms 3491ms 3501ms 3511ms 3521ms 3531ms 3541ms 3551ms 3561ms
Measure PLms(Cl)  P2ms(C2)  P3ms(C3)  P4ms(C5)  P5:ms(C6)  PE:ms(C7)  P7:frea(Cl)  P8:frealC2)  P9:frea(C3) P10--- Pt -- P12---  Measure PLms(Cl)  P2ms(C2)  P3ms(C3)  P4rms(C5)  P5:rms(C6)  PE:ms(CT)  PT:frea(Cl)  PS:frea(C2)  P9:frea(C3) P10--- [ P12---
value 40mV 389.2V 4040V 58 mV 46mV 69 mV — — — value 3239V 4043V 56 mV 46 mV 66 mV — — —
v v v v v v a a a v v v v v a a a
[Tbase -3.484 ms| -3.5110 ms|| .

1

X1= 3488476 ms | AX=  74.428 us
X2= 3562904 ms MLA="TSHIIO KAiZ

12 Bits

Xi= 3513780 ms | AX= 1000 us |
X2= 3514780 ms VER="TOI0NIAZ

With Best Engineering & Essential Responsibility 21
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8. Power Amplifier ‘8 X|# - SFP Interface

. Power Amplifier ‘4 X|H - SFP Interface
. PC: REHZ[ASE, Amplifier 2 EHH 0|2, DUT &]
» HAIZEAZHO|H: ZE HAIZE AL =3 S
. Power Amplifier: ¢ =8 % M/ F Feedback[SFP Interface]

Real Time
Simulator

Host PC

Voltage Set Point

>

SFP Comm.

Ev‘@sec

SFP Comm.

n

V,| Feedback

With Best Engineering & Essential Responsibility
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8. Power Amplifier 4 X[H - SFP Interface ale
. Power Amp||f|er = X|E - SFP Interface SFP Interface Model
. SFP 0IE11LIOIA 24 N s>
- Voltage Setpoint & ;’I'E—’l T e | == e
- Current Setpoint & N i
. SFP QIE{H O] A o B
. Voltage/Current Feedback = _—

SFP Interface[FPGA]

Every 4us

i

With Best Engineering & Essential Responsibility 23
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8. Power Amplifier 4& X|& — SFP Interface

. Power Amplifier ‘95 B7} — SFP Interface

21.2ms 16.2 ms 11.2ms 6.2 ms 12ms & 38ms 8.8ms 138 ms
199 A |
149A I
|
49A o T s Pl —
514 b b, e iig
-101A
A51A I
-201A
212ms 162ms 12ms 6.2 ms A2ms 38ms 8.8 ms 138 ms
Measure PLms(Cl)  P2rms(C2)  P3rms(C3)  P4:rms(C5)  P5rms(C6)  PE:ms(CT)  P7:frea(Chl  P8:frealC2) _ P9:frea(C3)
value 4984V 4995V 5008 5042A 50.0

5034 A 60.068427 Hz 60.324590 Hz  59.842969 Hz
v v v

status
1 8

200 V/div|

Amplifier 2 H[M /T F7]

With Best Engineering & Essential Responsibility

18.8ms 238ms

18.8ms 238ms 28.8ms

PAO:- - - P11:--- P12---

HD (Thase 38 mg|=211 (5IEM
5.00 ms/div| 2 A
5MS 100 MS/s| 0

X1= 382064 ms AX= 20.06 us
X2= 3.84070 ms 1/AX= 4985 kHz

)| -|a- |G- F 8-
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9. Amplifier Parameter Tuning [a]e

- Power Amplifier Parameter Tuning
. Tuning Factor: M¢ / M &
- Tuning Parameter: P, |, D, dU/dt[V/us]
- Target application System= 2|8t H/FHFO| SE, Slew rate § x| M3} 75

Controller Parameter X

- default_E&_3ACN_CV Load
Tes | Toz | Tea Vy
P part [%] (0-200) 80.00 |5 P part [%] (0-200) 5.00 |5
I part [%] (0-200) 5.00 |5 I part [%] (0-200) 1.00 |5
Disturbance Feed Forward (%] (0-100) a0.00 |= Disturbance feed forward [%] (0-100) 0.00 (=
Oscillation ‘ Oscillation .
diUfdt max [V/ps] £.00 |%

Close +HW| +HW|

With Best Engineering & Essential Responsibility 25
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