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EGSTON

Power Amplifiers

CSU 100 Systems: 100 kVA

CSU 200 Systems
« 200 kVA

* Upto 1.2 MVA
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EGSTON

1 System — Various Configurations

Configuration Free amplifiers Three-phase + N Three-phase 1x¢stcI;1_gl:|epg:Le;se DC-unipolar
}L A1O © A1 O L1 Oy Oy
T
DC1
AC1
AC1
% A3 A3 L3 [ o1
DC2 | DC+
AC2
T
AC2
DC3
AC3
A6 A6
CDA4 —0 o0 o— o— o—
DC- DC- DC-
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EGSTON

HIL Partner

Page S

High Speed Fibre Optic Interface
implemented

mocacst  [HJRTDS
Technologies

yNATIONAI. speedgoat

INSTRUMENTS

real-time simulation and testing

Interface in preparation

dSPACE X

electrical engineering software

WORLDWIDE AUSTRIAN POWER



EGSTON
App: DC - Source

1 to 4 QU adrants SOFTWARE LIMITS CONTROL SETPOINTS ~ FUNCTION  PARAMETERS  DEBUG
S f’[ |_ t Unax | 500.00 -V
oTt—LIMmIts . .
Umin 0.00 £ v 600.00
Multiple Curves I | 130.00 /A
Emulations Lmin 0.00 - A
PV Panels Prax | 50.00 : iow
. P, 0.00 . kw
Batteries i .
5300.00
"HARDWARE LIMITS 3
U,.x 732.00 - V
200.00
Unin 0.00 - V
I ax 600.00 . A 000 e
I... -600.00 . A \
Pmax = 200.00 . kw WM B & 28 E& 8 38 8
Pmin  -200.00 : kw S VO R
| PREVIEW || UPDATE /[ TURNPWMON |
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EGSTON
App: AC Source

float percent

.2 Script based editor freq

amp = 300;//449;
: dcoffse 386
.: Time base: Internal / External porcent - 25,
.» Trigger: Internal / External // Define waveforms.
set sine harmonic 0 2 percent €

set sine wave!(C

update waveform ¢

set sine harmonic'1 2 percent ¢
set _sine wave!l

update waveform: !

set sine harmonic /2 2 percent €

B set_sine_wave(2);
700 update waveform 2| ||
1=6
600 while (i3 {update waveform(i) ;i=i+1
set parameters (0 freq amp dcoffset ¢
500 set parameters(1, freq,amp dcoffset, -12¢€
set parameters(2 freq amp dcoffset, -24¢
400 update parameters all
repeat_1ms
300
200 \ f
100 7 A : Y : ./ ‘ N’ ".____‘_,f -
I . T : T . T : T . T : T :
362V 0 0.02 0.04 0.06
-
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EGSTON
App: Oscilloscope

Comm Status

CCD connected
In Data OK

Online signal display
Trigger
Real-time data tracking

Signal source

Real-time playback of
recorded data streams

60 |

Displayed [ms]

400 |

Maximum Display value

-400 |

Minimum Display value

410 |

Trigger Level on Rise

AT=10.03ms
freq=99.75Hz
AValue=451.31
Ts=18us
div=1

Display

. 1dba bs s[01, 2 dba cs s[01 v

Lines/Steps

Cursors

[ UnHold Screen ]

Xrea(kT)*Scale+Offset

Trigger

[] Activate on Channel

40 50 60 0 dbg_as_s[0] &

Ch [2] dbg_cs_s[0] << Setup Preferences
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MARKETS & APPLICATIONS

Applications
Grid Emulator (50, 60, 400 Hz)
Grid Load
PV-Inverter Emulation
Wind-Generator Emulation
Impedance Spectroscopy

UPS (Uninteruptible Power
Supply) Emulation

Grid Inverter Emulation

Grid Motor / Generator
Emulation
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Applications

Electrical drive train emulation

Battery Emulator
Drive Inverter Emulator
Motor Emulator

eVehicle Applications

eVehicle charging station emulator
Test Bench for charging
Test Benches for combustion engine drive train

Drive Inverter for electrical machines connected to
combustion machines, wheel, gear boxes

Transportation
Grid Emulator
Machine Emulator
Inverter Emulator
Electrical drive train emulation

EGSTON

N

3

3

Applications
400 Hz Supply Grid Emulator

DC-Supply emulation

400 Hz Aerospace device emulator
AC-DC Coupling Emulator
Generator / Motor Emulator

400 Hz Inverter Emulator

Motor / Generator Emulator
Motor Drive Inverter Emulator

Motor Frequency Inverter Emulator
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EGSTON
Simplified P—HIL Model

HIL Delay Power
Signal Closed Loop Control AR
Generation D+(s)
(M, > C(s) > At As) /o)
—
CPU Model
FPGA Model
Delay
D,(s)
At |«
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Simplified Simulation Model

EGSTON

—1—

Scope A
Signal Closed Loop Control
Generation
Signal Input
Gain
/\/ Ll ZOH >l + +
> - PI Controler +
Sine Wave Sampling
Generator
1/s
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Gain1 Integrator

Delay Power
Amplifier
Scope B
- 0%( | nps"+..+ng Amplifier
. 7 dps"+..+do Output
Transport Amplifier
Delay Transfer Function
Delay

>

ADC
Delay

WORLDWIDE AUSTRIAN POWER



EGSTON
REQ 1: Model Bandwidth

Definition: Model Bandwidth

What is the highest frequency (fuoder max) in the model that has to be
controlled in a closed loop application in the P-HIL System

REQ 1: fyodet max : Maximum Model Frequency

Remarks:
It is not the fundamental frequency!

It can be
the highest harmonic you want to model

The highest ,modulation” frequency (eg impedance spectroscopy) you want to
model
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15

0,5

-0,5

-1

-1,5

EGSTON

REQ 2: Signal Quality @ fyodel mMax

Analog

5 Samples

Analog 50 Samples

15

05

-0,5

-1

15

0,5

-0,5

1,5

Analog

10 Samples

-1,5

Analog 100 Samples

15

1

0,5

0

-0,5

-1

-1,5

at least 25 set points per period @ fy04e1 Max

15

0,5

05

-1,5

e AN2lOG

25 Samples
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EGSTON
REQ 2: Signal Quality @ fyodel_max

Signal quality of generated signals

At fuoder max @ CUrve shall be represented by at least 25 (better 50)
samples for a full sine wave period

REQ 2: at least 25 set points per period @ fuoder Max
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EGSTON
REQ 3: Model Cycle Time

Requirement Model Cycle Time:

1

REQ 3: TMOdel_CyCle—Time ~ 25 - fModel Max
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EGSTON
REQ 4: HIL CPU vs FPGA Technology

Cycle time step size of the HIL real-time simulator: Ty, cycie Time
REQ 4: THIL_Cycle_Time = TModel_Cycle_Time

This REQ defines the required HIL rt-Processor technology

CPU Models
ﬁ

L
Tms 100us 10us 1us 100ns 10ns

HIL cycle time
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EGSTON
REQ 4: HIL CPU vs FPGA Technology

. 1
Model_ max —
25 -THIL_Cycle_Time
EWOdeLjnax
8kHz
40Hz 400Hz 4kHz 40kHz 400kHz 4AMHz

N

CPU Models |
ﬁ

] ) ] ] )
Tms 100us 10us 1us 100ns 10ns

HIL cycle time
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EGSTON
REQ 5: Power Amplifier Bandwidth

At frequency: fModel_Max
Amplifier Gain: <-1,5dB
Amplifier Phase Shift: < -30°

REQ 5: Amplifier Bandwidth (-3dB)

f—SdB > 1; 5 -fModel_Max

Amplifier Gain: -3 dB
Amplifier Phase Shift: < -45°
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Amplifier Transfer Function

Model requirement
For simple investigation:

EGSTON

18t order transfer function is sufficient to start investigation

Bode Diagram

'
-
o

Magnitude (dB)
' R

~
™~

Phase (deq)
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Frequency (Hz)
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EGSTON
Delay & Phase Shift

HIL Delay Power
Amplifier

Signal Closed Loop Control P
Generation

D—— oo 7

#

CPU Model
FPGA Model
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EGSTON
Delay & Phase Shift

Bode Diagram

O T T T
st 4us ||
8us
10 20 us |
_ 40 us
@ 15 Ous ||
L2001 i
=
T 251 1
(<)
@
= 30 ]
35 F 1
40 F ]
-45 : : 1 1
T T T T ]
90 : — = . 7
\ ~. T~
\ S
D180 F \\\\ O\ 1
E b \ \\
\ N\
© Hon L N ]
wn 270 ;
8 \ delay
£ ‘
-360 | <: h\ T
\ N\
450 - \\ \ \ ]
1 1 1 A\‘, \ |

10° 10* 10° 10®
Frequency (Hz)
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EGSTON

Stability Analysis — Open Loop Analysis

Signal
Generation

CPU Model
FPGA Model

Page 24

HIL Delay Power
osed L ook Amplifier
IC10sed C00p COMIBI™ = = = = m e o 1 plitie
I DSy Tr==--.
| ~~~~
| ~o
=T CT8) T s AL s A(S)
~~~~
—”>~\
" _———’ N\
4 I ————————
,, I ————— —— Y .
/’ Delay _ -
\\ —————-___ B
\ ' -----
~ At |«
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EGSTON
Stability Analysis

Y(s) C(s).D,(s).A(s)
X(s) 1+ C(s).D;(s).A(s).D,(s)

HIL Delay Power
Signal Closed Loop Control ARG
Generation D+(s)
@ > C(s) > At —>| A(s) N
—
CPU Model
FPGA Model
Delay
Do(s)
Al |
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EGSTON
Stability Analysis

Transfer Function Closed Loop

Y(s) C(s).D1(s).A(s) o Z(s)
X(s) 14 C(s5).D{(s5).A(s).D,(s) 1+ N(s)

Instability: 1 = C(s).D{(s).A(s).D,(s) = N(s)
AbS(N(S)) =1 - 0dB

@ = 180°

Stability Criterion (Nyquist): Phase Reserve ¢ > 45°
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Stability Analysis

Bode Diagram
40 r T I !
-4 us
8us
20 | M=0dB 20us| |
_ 40 us
% Ous |
< 0
)
=
S 20 - |
4]
=
40 ]
60 : ' I
T T |
90 rm——— : T
B I
o =
k)
®
§—135i---------h\-- ‘.\. Pt
o \ ()
\\ %\ P
180 T \\ %) '\, T
| _C_ \ \ 1 L
- ) — g o
10° 10° 10° 10°
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Frequency (Hz)

EGSTON

hase Reserve Optimal: ¢ > 60°

1ase Reserve Min: ¢ > 45°
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EGSTON
REQ 6: Open Loop Delay

Phase Shift & delay time: At(f, @) = 36(5 f

Nyquist: Open loop stability: At fayeder max Phase reserve ¢ > 45°
Suggestion: Phase Reserve: ¢ > 60°
¢ =180° — ¢ =120°

) 120 1
Topen_Loop_Detay (f Model Max, 1207) = 360. fuyodel
. odel_max

3. fModel_max
TOpen_Loop_Delay — TTransport_HILAmp + TAmplifier + TTransport_ADC_HIL

1

3 -fModel_Max

REQ 6 Open Loop Delay: Topen 1oop Detay <
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EGSTON

Reference to Output

HIL Delay Power
Signal Closed Loop Control Amplifier
Generation [ e e Prg = 1 \\’
Y
@ » C(s) > At A(s) o\
—
CPU Model
FPGA Model
Delay
Do(s)
Al |
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| EGSTON

POWER

Bode Diagram

8

4 us

8

-l
o
1

o

Magnitude (dB)
8 3

Phase (deg)

108

Frequency (Hz)
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EGSTON
Summary REQ

REQ 1: define Maximum Model Frequency fyoder Max

REQ 2: at least 25 set points per period @ f; Model Max
1

REQ 3: TModel_Cycle_Time ~ 55  FModel Max

REQ 4: THIL_Cycle_Time < TModel_Cycle_Time

Select Simulation Technology
TyiL_cycie Time > 4HUs =2 CPU Model
TyiL_cycle Time < 4Us =@ FPGA Model

REQ 5: Amplifier Bandwidth (-3dB)

f—3dB > 1; 5 -fModel_Max
Phase Reserve: ¢ > 60°
1

3 -fModel_Max

REQ 6 Open Loop Delay: Topen Loop Delay <
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EGSTON
P—HIL Selection Table

P-HIL System Requirements

1.000.000,00
100.000,00
10.000,00
1.000,00

100,00

Frequency: Hz
Times: ys

10,00

1,00
10 100 1.000

f

10.000 00.000 .000.000
Model_Max [H ]

0,10

0,01

— Amp“fler BandWIdth (_3dB) [HZ] TModeI_CycIe_Time [US] — TOpen Loop Delay [“S]
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EGSTON

Example: fyogel max = 1 kHz

P-HIL System Requirements
4

1.000.000,00

100.000,00

10.000,00

f(-3dB) > 1 ,5kHZ

1.000,00

Topen_l_oop_Delay < 330 bS

Frequency: Hz
Times: ys

100,00
odel_Cycle_Time <40 HS

10,00

1,00

10 100 1.400 10.000 .000.000
fModeI_Max [H ]

0,10

0,01 v

— Amp“fler Bandwidth ('3dB) [HZ] TModeI_CycIe_Time [US] — TOpen Loop Delay [“S]
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EGSTON

Example: fyodel max = 10 kHz

P-HIL System Requirements
4

1.000.000,00

100.000,00

f(-SdB) > 15kHz

10.000,00

1.000,00

100,00
Topen_l_oop_Delay < 33 HS

Frequency: Hz
Times: ys

10,00 \
<
1,00
10 100 1.000 108000 I .000.000
fModeI_Max [HZ]
0,10
0,01 v
— Amp“fler Bandwidth ('3dB) [HZ] TModeI_CycIe_Time [US] — TOpen Loop Delay [“S]
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