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The relating standards:

Photovoltaic Simulators IEC/EN 50530
PVS series VoEoize2
PVS 1000/LV e 1547

The High Speed Simulators

PYS 000/LY o 0 @

Fig. 1: PVS 1000/LV

v Free programmable I/V characteristics

v Different solar cells and also partly shadowed B ‘ :
PV-generators can be simulated. R [ —

v' Fast response time to load changes: TR
typical less than 100us

v 100Hz ripple on current and voltage of single . I . FPF
phase inverters is reproduced realistically Hie] T

v The I/V curve is simulated very accurately [ L= _-7:

v" Ability to simulate dynamic irradiance and I
temperature, possibility of simulation of the L
behaviour of a PV-generator during a typical A
cloudy or clear day -

v Evaluation of static and dynamic L
MPP-tracking efficiency )

Fig. 2: PVS 25000

v' Complies with the requirements according to
IEC/EN 50530

v Available in standard version (up to 950Vpc) and
low-voltage version (up to 150Vpc) for micro inverter
testing
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THE PV-SIMULATOR — FIELD OF APPLICATION

The PV-Simulator reprodu-
ces in real time the beha-
viour of many different solar
panels.

The parameters influencing
this behaviour in reality are
the changing weather condi-
tions, the variation of the
irradiation during the day
and also local conditions like
shadowing and pollution.

To simulate this condition
the PVS has a capability for
fast control adjustments.

Fast response time

Due to the fast DSP based
regulation system, the re-
sponse time to load chan-
ges is very fast.

For the IEC/EN 50530 and
the specified MPP tracking
algorithm this fast response
time is absolutely neces-
sary.

See Spitzenberger & Spies Application
note under:
http.//www.spitzenberger.de/weblink/1005

The diagrams in Fig. 3-6
show the measured rise-
and fall-times at different
load conditions.
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Load changes
around MPP:

Load between
open circuit
and MPP:
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100HZ RIPPLE / FREE PROGRAMMABLE CURVES

100Hz Ripple

One of the requirements of
the photovoltaic simulator
according to the IEC/EN
50530 is:

“This requires a sufficient dynamic
of the PV simulator in order to
follow the dynamic voltage chan-
ges that occur in the measure-
ment (e.g. the typical ripple of
single phase inverters with twice
the grid frequency)”

With real photovoltaic gene-
rators this typical 100Hz
ripple on current and voltage
when operating with a single
phase inverter can be mea-
sured. Some inverters use
this for a fast MPP tracking.

When operating with the
PV-Simulator this ripple-
behaviour is exactly as it is
in reality, because of the
very fast response time
capability.

Free programmable
curves

I/V-curves are adjustable via
software over a wide range
to simulate various conditi-
ons for dynamic irradiances
and temperature changes.
This includes “in the field”
measured I/V curves, stored
and imported into the
Spitzenberger & Spies con-
trol software.

Fig“. 7: 100Hz ripple of voltage and current - voltage, current, 'p‘oWer

Fig. 8: XY-view: no hysteresis observably - current, power
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SIMULATION OF DYNAMIC IRRADIATION

Irradiation

The intensity of the solar ra-
diation density — the irradi-
ation — is varying during the
day.

Slow variations occur be-
cause of the changing posi-
tion of the sun.

Fast variations can occur at
cloudy days, when the sun
is shadowed within seconds
and cleared some minutes
later and again shadowed.

Various curves — correspon-
ding to different irradiance -
can be defined with speci-
fied time course.

Transition between two
curves will be interpolated;
the transition time is freely
programmable.

The specified curves are
met exactly during the com-
plete measurement dura-
tion.
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VOLTAGE RANGES — CURRENT CHARACTERISTICS

Due to different types of so-
lar generators the PVS
standard series has five
voltage ranges:

- 400V

- 500V

- 600V

- 800V

- 950V

The diagrams show the ma-
ximum possible current ca-
pability in the according vol-
tage ranges, depending on
the adjusted output voltage.
This correlates also to the
maximum available power
capability of the PVS depen-
ding on the adjusted output
voltage.

The current capability of the
PVS is specified as:
- Continuous current
capability
- Short time current
capability
(up to 2 minutes)
- Peak current capability
(up to 50ms)

Current [% of nominal current] Current [% of nominal current]

Current [% of nominal current]

110]
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80)
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50
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Voltage [V]
Fig. 12: current performance of the PVS in the 400V range
110
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Voltage [V]
Fig. 13: current performance of the PVS in the 500V range
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Fig. 14: current performance of the PVS in the 600V range
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Fig. 15: current performance of the PVS in the 800V range
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Fig. 16: current performance of the PVS in the 950V range

Fig. 17: PVS / Basic EMC System

OPTIONAL VOLTAGE RANGES — CURRENT CHARACTERISTICS
PVS 1000 PVS 3000 PVS7000 PVS10000 PVS 15000 PVS 25000
- Optlon 11-200/DC at 1 60VDC 3-2ADC 9-4ADC 22ADC 31 ADC 50ADC 80ADC

PVS 32500 PVS 42500 PVS 50000 PVS65000 PVS 85000 PVS100000
- Option 11-200/DC at 160Vpe 100Anc 135A0c 157Anc 200Aoc 270A0c 314A0c
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TECHNICAL DATA — GENERAL

PVS Series
Nominal voltage DC: +400Vpc / +500Vpc / +600Vp / +800Vpc / +950Vp¢
Voltage accuracy: 0,2% / 0,5% (typ. / max.) upper range value
Current accuracy: 0,2% / 0,5% (typ. / max.) upper range value
Slew rate: < 250us / typical < 100us
Protection circuits: Overload / Short Circuit / Over temperature
Interface: IEEE488
Measurement Voltage: 0.1V resolution
(via Software) Current: 0.01A resolution
Power: 1W resolution

Memory capacity for I/V curves: up to 1024 curves
Ambient temperature: 0°Cupto40°C
Options
10: Internal resistance available

compensation
11 Special voltage
11-200/DC  Additional DC voltage range 0 ... 200Vpc
18 Special line voltages In the range from 110V ... 300V

Precision Power Analyser

for efficiency measurement
Remarks:

1)  at nominal voltage

2)  max. voltage between earth and ground of the amplifier output -950Vp¢, +400Vpe

3) 1o increase the output power of an amplifier, up to three similar amplifiers may be connected in parallel
4)  with measurement adaptation to PAS

5)  at 230V input voltage

6)  max. / typ. (of measured value %2 digit)
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TECHNICAL DATA - TYPE SPECIFIC

Power DC "° - continuous:
Continuous Uour™ 320Vipc:
Current Uour™ 400Vpc:

Uour™ 480Vpc:
Uour™ 640Vpc:
Uour™ 760Vpc:
Voltage range:
Current range:
Accuracy Voltage®:
Accuracy Current”:
Power Supply (+10%, 50Hz 60Hz)
Protection:

Digital instrument
Measuring ranges

Contactor type:
Housing Amplifier:
approx. dimensions (mm):
Power Supply
approx. dimensions (mm):
Weight Amplifier (approx.)
Power Supply (approx.)
Power DC "® - continuous:

Continuous
Current

Uour™ 320Vpc:
Uour™ 400Vpc:
Uour™ 480Vpc:
Uour™ 640Vpc:
Uour™ 760Vpc:
Voltage range:
Current range:
Accuracy Voltage®:
Accuracy Current®:
Power Supply (+10%, 50Hz 60Hz)
Protection:

Digital instrument
Measuring ranges

Contactor type:
Housing Amplifier:
approx. dimensions (mm):
Power Supply
approx. dimensions (mm):
Weight Amplifier (approx.)
Power Supply (approx.)

PVS 1000
1000W
3.2A0c
2.5A0c
2.1Anc
1.6A0c
1.3Anc

5A

230V
16A
Schuko
197, 7U
311x483x600
included

50kg

PVS 10000
10000W
31Anc
25Apc
16Anc
13.25Apc

40A

3 x 40A

19, 10U
444x483x600
197, 10U
444x483x600
60kg
220kg

PVS 3000 PVS 7000
3000W 7000W
9.4A0c 22Anc
7.5A0c 17.5A0c
6.3Anc 14A0c
4.7Ao0c 11Aoc
4Anc 9.25Anc
1000V

12A 25A
0,5% /0,2%
0,8% /0,4%
230V/400V
3x 16A 3 x 20A
19”, 5U 19°,7U
222x483x600 311x483x600
19”, 5U 19" 5U
222x483x600 222x483x600
30kg 45kg
85kg 100kg

PVS 15000 PVS 25000
15000W 25000W
50Anc 80Aoc
38Anc 63Anc
32Anc 53Apc
25Anc 40Anc
21Anc 33Anc
1000V

60A 100A

0,5% /0,2%

0,8% /0,4%

230V/400V
3 x 50A 3 x 63A
CEE
19" 17U 197, 23U

755x483x600 1022x483x600

19, 12U 19”, 12U
533x483x600 533x483x600

80kg 120kg

240kg 250kg
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PVS 32500 PVS 42500 PVS 50000
Power DC ° - continuous: 32500W 42500W 50000W
Continuous Uour™ 320Vpc: 100Apc 135Apc 157Apc
Current Uour™ 400Vic: 82Apc 108Apc 125Apc
Uour™ 480Vpe: 68Apc 90Apc 105Apc
Uour™ 640Vipe: 51Apc 67A0c 79A0c
Uour~ 760Vpe:! 43Apc 56Apc 66Apc
Digital instrument Voltage range: 1000V
Measuring ranges Current range: 120A 150A 180A
Accuracy Voltage®: 0,5% / 0,2%
Accuracy Current®: 0,8%/0,4%
Power Supply (+10%, 50Hz 60Hz) 230V/400V
Protection: 3 x 100A 3 x 125A 3 x 160A
Contactor type: CEE
Housing Amplifier: 19”7, 33U 197, 39U 19”,46U
approx. dimensions (mm): 1467x483x600 1733x483x600 2042x483x600
Power Supply 197, 2x12U 197, 39U 19”,46U
approx. dimensions (mm): 1066x483x600 1733x483x600 2042x483x600
Weight Amplifier (approx.) 160kg 200kg 300kg
Power Supply (approx.) 2 x 250kg 2 x 250kg 800kg
PVS 65000 PVS 85000 PVS 100000
=2xPVS 32500 =2xPVS42500 =2x PVS 50000
External parallel connection
Power DC V° - continuous: 65000W 85000W 100000W
Continuous Uour™ 320Vpe: 200Apc 270Apc 314Apc
Current Uour™ 400Vpe: 164Apc 216Apc 250Apc
Uour™ 480Vipe: 136Apc 180Apc 210A0c
Uour™ 640Vpc:! 102Apc 135Anc 158Anc
Uour™ 760Vic: 86Anc 112A0c 132Apc
Digital instrument Voltage range: 1000V
Measuring ranges Current range: 2x120A 2x150A 2x160A
Accuracy Voltage®: 0,5%/ 0,2%
Accuracy Current®: 0,8%/0,4%
Power Supply (+10%, 50Hz 60Hz) 230V/400V
Protection: 3 x 200A 3 x 250A 3 x 320A
Contactor type:
Housing Amplifier: 197, 2x33U 197, 2x39U 197, 2x46U
approx. dimensions (mm): 1467x483x600 1733x483x600 2044x483x600
Power Supply 197, 42U 197, 42U 197, 46U
approx. dimensions (mm): 1867x483x800 1867x483x800 2044x483x600
Weight Amplifier (approx.) 2x160kg 2x200kg 2x300kg
Power Supply (approx.) 1000kg 1200kg 1500kg
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TECHNICAL DATA — PVS 1000/LV
Nominal voltage DC
Measurement resolution (via Software)
Power DC ?°

Continuous
Current

- continuous

UOUT = 30VDC
24Apc

Fig. 19:

Uour™ 60Vpe
16.7Anc

Fig. 20 :

Uour™ 120Vpc
6.7Apc

Fig. 21:

Digital instrument
Measuring ranges

Voltage range:

Current range:
Accuracy Voltage :
Accuracy Current ©:
Power Supply (£10%, 50Hz 60Hz)
Protection / Contactor type:

Housing Amplifier incl. Power supply:
approx. dimensions (mm):
Weight Amplifier (approx.)

Current [A]

Current [A]

Current [A]

+37'5VDC / +75VDC / +150VDC
U:0.01V/I: 0.01A/P: 0.1W
1000W

5
225 \
2
17.5
15
12.5)
1
7.5|
5
25|
Yo 5 10 15 20 25 30 35 40
Voltage [V]
— short-time current (up to 2 minutes)
—— continuous current
5
225
2
17.5
15/
125
1
75|
5
25|
% s 10 15 20 25 30 35 40 45 S50 55 60 65 70 75
Voltage [V]
—— short-time current (up to 2 minutes)
—— continuous current
4
ol
5
4
3
2
1

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
Voltage [V]

— short-time current (up to 2 minutes)
—— continuous current

150V
40A
0,5% /0,2%
0,8% /0,4%
230V
16A / Schuko
197, 4U
178x483x700
55kg

,We can make weather*
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“ The relating standards:
We can make weather JEC/EN 50830

IEC/EN 62116

THE HIGH-LEVEL PHOTOVOLTAIC SIMULATOR 2z 1a47

PVS FROM’ SPITZENBERGER & SPIES and many manufacturers test

specifications

The amount of generated energy of a solar panel field (and therefore the profitable efficiency) is
mainly depending on varying weather conditions like cloudiness and adverse weather situations.
To achieve the maximum energy rate at heavy varying irradiation modern intelligent solar
inverters are used.

OVERALL EFFICIENCY OF SOLAR INVERTERS

The overall efficiency of solar ' The testing of modern solar inverters requires three main functions
inverters is tested according t0  of the testing equipment:

IEC/EN 50530. 1. Simulation of solar panels for testing solar inverters
Compliant testing requires po- according to IEC/EN 50530

werful voltage and current so- 2. Generation of typical loads for the anti-islanding tests
urces and analyzer units ope- according to IEC/EN 62116

rating in excellent harmony. 3. Simulation of the connected grid

Grid-connected photovoltaic systems are feeding the generated energy into the power distribution
grid network. The amount of power fed into the grid defines the profitability of the whole solar site.
The IEC/EN 50530 describes in detail the necessary calculation formulas and testing routines to
evaluate the overall efficiency of solar inverters.

Solar inverters must be designed to be able to deal with many different operating conditions.
Intensive testing during the development process of inverters as well as during their production is
requested.

As a good strategy for a complete test of solar inverters three Testing of solar

main tasks have to be carried out: inverters:
- simulation of a solar generator and operating the inverter - simulation of the
in the MPP (maximum power point), testing of the MPP energy generation
tracking function, evaluation and calculation of the overall - MPP tracking testing
efficiency - simulation of different
- simulation of varying load conditions and different distur- loads
bances like transients, harmonics, ripple, cos3 etc. - simulation of electric
- simulation of the connection to the public grid during nor- disturbances

- simulation of the public

mal operating conditions as well as during irregular con- X i
grid connection

ditions like voltage interruptions, variations and drops
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SIMULATION OF THE ENERGY GENERATION:

The generated energy of a solar site is varying in dependency of the intensity of the solar
irradiation, partly cloudiness or shading as well as the ambient temperature and pollution of the
panel surface. The conversion of the panel-power through the solar inverter should be carried out
in the maximum power point(MPP).

To convert always the maximum available energy generated by the solar panels many inverters
use a MPP tracking algorithm. This algorithm changes the load condition of the inverter so that the
panel field always sees an ideal load and can transfer the maximum available energy.

Amplifier EUT PAS series

5.0

Lt

|
|
Controller Power | Solar Inverter Grid Simulator
|
|
|

Characteristics
Memory

Software

| PV-Simulator PVS series

Fig. 1: Function diagram Spitzenberger & Spies PV-Simulator series PVS

The Photovoltaic-Simulator series PVS from Spitzenberger & Spies is the perfect desighed DC
Source to reproduce the I/V characteristic curves as required according to IEC/EN 50530.

With the PVS solar panels with different technologies can be simulated (e.g. mono-crystalline or
poly-crystalline). The provided software package SPS_PVS offers an easy calculation of the
necessary I/V characteristic (according to 1- or- 2-diode model). In addition, externally measured
and stored characteristics can be imported if they have a CSV-Format.

The sequence of different characteristics, their duration and
transition time is free adjustable. Complete test cycles can be
set up easily. The evaluation of measured date ca be done
graphically as well as in a numeric format. The evaluation can
‘1 be stored for documentation.

current [A]

! ! | Il
T T T T
100 200 0 400 5

30
voltage [V]

Fig. 2: Different I/V characteristics

T
0

Many (single-phase) inverters are generating a type depending
AC ripple on their DC input. The power fed into the grid has a

current pulse frequency of double the mains frequency (100Hz in
Europe).

The inverter consumed power is fluctuating therefore with the

power same frequency (100Hz in Europe) and produces the described

Fig. 3: Phase relation at Ripple ripple. This ripple is very close to reality conditions, if the dy-

namic response of the PV simulator is very high.
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It is very important, that the simulator power supply is not suppressing this ripple as a result of the
voltage adjustment. More and more inverters use the amplitude and phase shift of the ripple
voltage and current to achieve a very fast MPP tracking.

This method is much faster than the conventional method “disturb and perturbate”.

Especially at cloudy weather conditions, where the solar irradiation is changing rapidly, a fast MPP
tracking algorithm gives a much higher overall efficiency. The number of inverters using this ripple-
based MPP algorithm will increase steadily.

PV simulators have to have the ability, to reproduce the according current/voltage characteristic
curves at ripple condition very precisely.

For a very precise simulation of the current-/voltage- characteristic a very fast response
time of the PV simulator is essential.

While switch-mode amplifiers as the simulator source have a response time of typically 2-3ms,
linear working transistor amplifiers have a response time in ps area.

When the PV simulators response time is too slow, the I/V-operating points are no longer located
on the I/V-characteristic curve, they circle around the desired MPP area on the characteristic curve
(See application note “Necessity for high-speed PV simulators”).

A correct testing and evaluation of the solar inverter compliant to the IEC/EN 50530 is not possible
with switch-mode amplifiers.

Above and beyond the
IEC/EN 50530 the Spitzen- 1000 module temperature

a
o

berger & Spies software C\E w0 L irradiation 40 &
package offers the possibility = ) e
to store panel values of solar = 600 ‘1 ' 30 ®
irradiation and temperature 2 400 20 Géi
variation in the course of the 8 200 02
day. =

7 — P | A
External data values can be F . = o
. . 7:00 9:00 11 00 13 00 15 00 17:00 19:00
imported, if they have CSV- time [h]
Format. Fig. 4: Daily variation of irradiation intensity and temperature of the solar panel

The long term behavior of solar inverters can be tested with this functionality. Measured data from
all locations of the earth can be simulated in laboratory.
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,Solar generators and islanding® The relating standards:

IEC/EN 62116

: VDE 0126-2
A danger for human and machine IEEE 1547

and many manufacturers test
specifications
During normal operation the solar inverter supplies the load which is regularly supplied by the
public network. Depending on the amount of generated energy either the solar inverter delivers
energy into the public network or the public network delivers energy to the connected loads.
During all operating modes each connected component must comply to the specifications stated
in IEEE1547. To test solar inverters in a suitable way the connection between inverter and public
network shall be simulated.
A desired simulator like the PVS Series from Spitzenberger & Spies must be able to generate
irregular interconnection situations and conditions for testing the inverters according to realistic
conditions and to verify their conformity.

Disconnection
of the public grid

Solar Solar Pubic One of the possible problems
Generator Inverter /?L Grid is a disturbance or interruption

of the connection between the
public grid and the connected
solar inverter.

Local
installation This heavy disturbance is
called ,Islanding”.

Fig. 1: Schematic diagram of islanding

Islanding is a situation when the connection to the public network is interrupted or the public net-
work has been switched off. Interaction between the local generators and the connected loads
causes then the islanding effect and affects the solar inverter a running public grid.

The main problems during islanding are:

1. The public power distributors can no longer control and influence voltage and frequency in
the distribution network. Inside the islanding system deviation of voltage and frequency
can cause malfunction and/or damage of the local connected loads.

2. Injury of operating personnel can be caused when the public grid is cut off for mainte-
nance. The personnel has the opinion of a voltage free network whilst the solar generator
still delivers energy and is setting the local islanding grid still under voltage.
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CHECKING ANTI-ISLANDING FUNCTIONS

The IEC/EN 62116 is preventing humans and machines from injury and damage. It defines test
specifications and methods for solar inverters to check their ability to avoid the islanding
effect.

Practically each solar inverter
must have an anti-islanding
function which cuts off the con-
nection between inverter and
the local grid on error condi-
tion. The local grid status is set
voltage free.

The IEC/EN 62116 defines an explicit test of this anti-islanding function.

The optimal DC source for those tests is a PV simulator complying to the IEC/EN 50530.

The PV Simulator series PVS from Spitzenberger & Spies complies to all necessities for DC
source as defined in the IEC/EN 50530 and also in the IEC/EN 62116.

Testing equipment according to IEC/EN 62116

1.  Waveform recorder and power analyzer

2. DC source simulating a realistic photovoltaic source
3. AC source simulating the public grid

4. AC loads — combined RLC load

SIMULATION OF THE SUPPLY NETWORK — GRID SIMULATION

For the AC voltage source for the simulation of the public grid requirements for voltage and
frequency stability and harmonic distortion are defined. When using the Spitzenberger & Spies
Basic EMC System as the AC voltage source all requirements can be fulfilled fully compliant.
Furthermore disturbances of the public grid as well as voltage fluctuations and frequency variations
can be simulated and monitored. With this programmable source global products can be tested
also (with different national voltage and frequency specifications).

Waveshape
monitoring
Trigger
DC source EUT AC source
PV) U e Solar Ugyr leyr v ) I P, Public
inverter l @ S1= grid
P Peyr Qeyr \ s2 Q,
IR IL IC
AC-RLC - load

Fig. 2: Test setup for the IEC/EN 62116
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RLC LOAD AS A POWER RESONANT CIRCUIT

To establish a realistic environment for this testing a typical AC load as a combination of R, L and
C is defined in the standard.

The RLC load shall be adjusted according to the output power capability of the respective inverter
and shall be in resonance condition at the nominal frequency.

The quality Qsof the RLC load (calculated according to IEC/EN 62116) shall be adjusted to 1,0 +/-
0,05. When carrying out the different test procedures the RLC load has to be adjusted accordingly.

— The three test conditions A, B and C are adjusted via changing
Thrfee test conc{/t/ons e of the EUT input voltage to 90%, 50% und 10% of the nominal
defined for testing: voltage. As a first step the RLC load is adjusted so, that the fun-
damental frequency components of the active and the reactive
power as well as the fundamental frequency component of the
current flow through the connection switch is set to zero. The
RLC load is now a parallel resonant circuit in resonance.

L A: PEUT 100%
° B: PEUT 50%
L C: PEUT 25%

To start the test the connection switch to the public grid is opened.

For the test condition A the Percental change of the active load, reactive load from the nominal values
RLC load’s active and reactive '_5;05 9,45 ++55’+o5
power have to be adjusted ac- 5.5 0.5 5.5

rding to the adjacent table.
co g tothe adja tab Table for test condition A

For the test conditions B and C it is enough, to adjust only the reactive load (either L or C) at a
constant active load.

For the evaluation the run-on time tr is measured, the amount of time that an unintentional island
condition exists. Run-on time is defined as the interval between the opening of the switch S1 (con-
nection to the public grid) and the cessation of the EUT output current.

For all combinations stated in the test conditions A, B and C the run-on time tg is now measured. If
the run-on time exceeds the maximum value (as stated in the according specifications of power
distributors or national standards) the EUT'’s test failed.

Taking all the requirements for the RLC load according to IEC/EN 62116 into consideration a
complex profile of necessities for the test system arises.

RLC LOAD - USEFUL EXTENSION AND OPTION OF THE TEST SYSTEM

Spitzenberger & Spies has developed an optional RLC load unit for the PV simulator series PVS.
This RLC unit complies to all requirements according to IEC/EN 62116. In conjunction with com-
plying measurement units like digital oscilloscopes and power analyzers a complete test according
to IEC/EN 50530 and IEC/EN 62116 can be carried out.

A convenient software package for running the tests and for documentation completes the PVS
simulator system

3/4
© Spitzenberger & Spies 2013
SPS-FA-PV-Simulator-Teil2-eng-V2013.docx

Distributed by: Reliant EMC LLC, +408-320-9644/+408-916-5750, www.reliantemc.com



I
u

The following diagram shows a schematic overview of such a test system:

. Software
SPS Photovoltaic

EN 50530 IEC/EN 61000-3-xx IEC/EN 61000-4-xx

Photovoltaik Simulator Solar Inverter RLC-Load Analyser F Grid Si Grid
PVS series EUT System ARS/AIP PAS series
Ra ﬁ XAi
J— Ra 2 XAi Q@ [

Power
Analyser

O

Ry XN Power Recuperation Unit
PRU series

PV-Simulator Grid Simulator

With a complete test system from Spitzenberger & Spies compliant testing can be done not only in
photovoltaic area, it is (as the basic emc system) the best solution also for fully compliant testing
according to emission (IEC/EN 61000-3-xx) and immunity (IEC/EN 61000-4-xx) standards.

MANY POSSIBILITIES FAR BEYOND THE STANDARDS

Looking at the PV simulator side, the input of the solar inverter can be supplied with arbitrary solar
panel characteristics and irradiation changes from any point of the earth. The PVS simulator just
has to be programmed with this data files with the Spitzenberger & Spies software. Realistic
weather and panel situations from anywhere can be simulated easily in laboratory environment.

On the other hand, the solar inverter's output is connected to the Spitzenberger & Spies Basic
EMC system, a grid-simulator with arbitrary functions, which is able to simulate each local grid from
any power distributor worldwide. This grid-simulator can not only simulate a stable network, it can
perform also many disturbances like voltage drops and voltage variations, frequency variations,
unbalances and many more, as described in the IEC/EN 61000-4 series standards.
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Necessity for high speed PV Simulators

The fast response time of PV simulator is required to realistically simulate the 1/V characteristic
when the inverter produces a ripple on DC voltage and DC current of the PV simulator. Single
phase inverters have typically a ripple with twice the grid frequency. A ripple can also occur when
the MPP tracker is searching very fast on the I/V characteristic. Real solar cells have a I/V

characteristic like shown in Fig. 1:

-
=
[0
=
S 1+ 1
o i
1 1
0 200 400 600
Voltage
Fig. 1: Current/voltage characteristic of real solar cells
8 600
6/\_/-\/-\/_\/-\/
= 400 @
= )
& E
5 S
O >
200
2
0 0
0 0.02 0.04 0.06 0.08 0.1
Time

Fig. 2: Phase shift between current and voltage at ripple 50Hz

So when the voltage goes up
the current goes down and
vice versa. The PV simulator
has to simulate this
characteristic as realistically as
possible. To achieve the maxi-
mum accuracy to reach the I/'V
characteristic the PV simulator
measures voltage and current
and controls its output accor-
dingly.

When there is an abrupt load
change it takes typically 100us
with the PV simulator PVS
from Spitzenberger & Spies
until the output is adjusted
according to the I/V charac-
teristic. Switch mode PV
Simulators need much longer
time (maybe 2ms or more). For
example: single phase inver-
ters have a typical ripple with
twice the grid frequency. With
50Hz mains frequency this is a
100Hz ripple.

With real solar generators as well as with the linear type PV simulator PVS from Spitzenberger &
Spies the voltage and current characteristic look like the following diagram in Fig. 3:.
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The operating points are lying . . .
all on the desired I/V charac- 8 -
teristic. It is very important that
the PV simulator is fast
enough, to follow and to make or ]
as less additional phase shift
as possible. The voltage and
current ripple are inverse
(current goes up => voltage
goes down), so phase angle is 2 7
180 degrees.

Current

If you take a rise time of 100us 0 200 400 600
(from 10% to 90%) and Voltage
assume that the simulator acts Fig. 3: Operating points (blue) when using PVS
like a first order filter,
then the time constant is calculated as: t_rise
T = = 45us
n(9)
The phase shift can be calculated with the following formula: @ =—atan(2*m * f)

For the PVS (T=45us) the calculation of the phase shift at 100Hz is -1.6 degrees.

For a switch mode amplifier
with a rise time of e.g. 2ms the
phase shift would be about 30
degrees which is too much for
efficient MPP tracking mea- 6
surement. When the PV simu-
lator is too slow for the ripple
produced by the inverter, the
operating points are not on the
I’/V characteristic. The beha- 2
viour is different to the beha-

viour of real solar cells. Accu-

Current

rate MPP tracking efficiency 0 200 400 600
measurements like described Voltage
in IEC/EN 50530 wouldn’t be Fig. 4: Operating points (blue) when using switch-mode simulator

possible in such a case.

In IEC/EN 50530 there is the requirement:

“This requires a sufficient dynamic of the PV simulator in order
to follow the dynamic voltage changes that occur in the
measurement (e.g. the typical ripple of single phase inverters
with twice the grid frequency)”
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PAS .../GN/Kfz series of
2-/4-Quadrant Amplifiers

For 12V, 24V and new 48V

The 2-/4-Quadrant Amplifier type PAS GN/Kfz suits as an ad-
justable voltage source for the automotive supply simulation
system for 12V, 24V and new 42V especially for the generation
of pulse #2b and pulse #4 for all mentioned supply voltages.

The modularly constructed Automotive Supply Simulation
System is a compact EMC-Test System for the execution of
immunity measurements for pulse-shaped, line conducted
disturbances at electronic equipment of motor vehicles. The high
performance version enables tests of current-intense consumers
or even complete vehicles.

The relating standards:

ISO 7637

ISO 7637-2 Amendment 1
ISO 16750-2

ISO 21848

LV124

SAEJ 1113-11

Audi BT-LAH XXX.915.181.XX
BMW GS 95002

BMW GS 95003-2

BMW GS 95024-2-2
DaimlerChrysler DO-10615
Fiat 9.90110

Ford EMC-CS-2009.1
General Motors GMW 3097
Mercedes-Benz MBN 10615
Mitsubishi ES-X82010
Nissan 28400NDS02_3
PSA B21 7110

Renault 36-00-808/--L

VW 80000

VW 80101

VW TL 82066

VW TL 82366

v 2-/4-Quadrant Amplifiers

v High short-time load ability
v Very high slew rate

v Wide frequency range

v Very low internal resistance
v Common output

v Free programmable

waveform generator
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TECHNICAL DATA
Type
Power "

Continuous power:
Short-time power:

Nominal Voltage:

Uy: OVDC 18VDC
Ug.' OVDC 36VDC
U3.' OVDC 60VDC

U; . U3z -15Vpe ... 0Vpe

Digital instrument:
Voltage range:
Current range:

Accuracy Voltage (DC):

Accuracy Current (DC):
Supply:
Power Supply
(#10%, 50Hz ... 60Hz)
Protection:
Contactor type:
Housing:

Dimensions (mm):
(without option pulse 5/7)

Weight:

Dimensions (mm):
(icluding option pulse 5/7)

Weight:

Remarks:

PAS 1000/GN/Kfz

900W at 60V

1500W for max.
3min at 60V
(duty cycle 1:9)

PAS 2500/GN/Kfz

3000W at 60V

4800W for max
3min at 60V
(duty cycle 1:9)

PAS 5000/GN/Kfz

6000W at 60V

9600W for max.
3min at 60V
(duty cycle 1:9)

Icont: 28ADC |cont: 1 00ADC Icont: 200ADC
Ishort-time* 44Apc Ishort-time* 150Apc Ishort-time* 300Apc
Icont: 22ADC Icont: 65ADC Icont: 1 30ADC
Ishort-time 44Apc Ishort-time: 125Apc Ishort-time 250Apc
leont: 15Apc lcont: 50Apc leont: 100Apc
Ishon—time: 25ADC |sh0n-time: 80ADC Ishon-time: 1 60ADC
leont: 9Apc lcont: 33Apc leont: 66Apc
Ishort-time 14Apc Ishort-time* 50Apc Ishort-time* 100Apc
100V
100A 200A 400A

Max. / Typ. (of measured value *2 digit)

230V

16A
Schuko

0,5% /0,2%
0,8% /0,4%

230V/400V

16A
CEE

230V/400V

32A
CEE

19”-plug-in unit, colour light grey (RAL 7035)

Amplifier incl.
Power supply (4U)
178x483x600

approx. 60kg

Amplifier (6U):
267x483x600
Power supply (8U):
356x483x600
PAS: approx. 30kg
NT: approx. 90kg

1)  nominal power at 230V supply voltage

Amplifier (6U):
267x483x600

Power supply (5U):

222x483x600

PAS: approx. 30kg
NT: approx. 90kg
Amplifier (6U):
267x483x600
Power supply(8U):
356x483x600
PAS: approx. 30kg
NT: approx. 90kg

Amplifier (7U):
311x483x600
Power supply(12U):
533x483x600
PAS: approx. 65kg
NT: approx. 200kg
Amplifier (7U):
311x483x600
Power supply (12U):
533x483x600
PAS: approx. 65kg
NT: approx. 200kg
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Type
Power "
Continuous power:

Short-time power:

Nominal voltage:

Uy: OVDC 18VDC
Ug.' OVDC 36VDC
U3.' OVDC 60VDC

U; . Uz -15Vpe ... 0Vpe

Digital instrument:
Voltage range:
Current range:

Accuracy Voltage (DC):

Accuracy Current (DC):
Supply:
Power Supply
(#10%, 50Hz ... 60Hz)
Protection:
Contactor type:
Housing:

Dimensions (mm):
(without option pulse 5/7)

Weight:

Dimensions (mm):
(icluding option pulse 5/7)

Weight:

Remarks:

PAS 7500/GN/Kfz

7500W at 60V

18000W for max.
3min at 60V
(duty cycle 1:9)

|cont: 300ADC
Ishort-time: 600Apc
Icont: 200ADC
Ishort-time:  400Apg
lcont: 150Anc
|sh0n-time: 300ADC
leont: 100Apc

Ishort-time* 200Apc

PAS 10000/GN/Kfz

15000W at 60V

30000W for max.
3min at 60V
(duty cycle 1:9)

Icont: 500ADC
Isnorttime: ~ 1000Apg
Icont: 330ADC
Ishorttime: ~ 660Apc
lcont: 250Apc
Ishon-time: 500ADC
lcont: 160Apc

Ishort-time* 320Apc

PAS 15000/GN/Kfz

22500W at 60V

45000W for max.
2min at 60V
(duty cycle 1:9)

Icont: 675ADC
Ishort-time: 1350ADC
Icont: 500ADC
Isnorttime:  1000Apc
leont: 375Apc
Ishon-time: 750ADC
lcont: 240Apc

lsnorttime:  480Apc

100V
500A 1000A 1500A
Max. / Typ. (of measured value #2 digit)
0,5%/0,2%
0,8%/0,4%
230V/400V 230V/400V 230V/400V

32A 32A 63A
CEE CEE CEE

Amplifier (10U):
444x483x600
Power supply(12U):
533x483x600
PAS: approx. 75kg
NT: approx. 250kg
Ampilifier (7U):
311x483x600
Power supply (12U):
533x483x600
PAS: approx. 65kg
NT: approx. 200kg

Amplifier (7U):
311x483x600
Power supply(12U):
533x483x600

PAS: approx. 65kg
NT: approx. 200kg
Amplifier (7U):
311x483x600

Power supply (12U):

533x483x600

PAS: approx. 65kg
NT: approx. 200kg

Amplifier (23U):
1022x483x600
Power supply(37U):
1643x483x600
PAS: approx. 65kg
NT: approx. 200kg
Amplifier (7U):
311x483x600
Power supply (12U):
533x483x600
PAS: approx. 65kg
NT: approx. 200kg

1)  nominal power at 230V supply voltage
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Type
Voltage adjustment:
Load regulation:
0 ... nominal load
Gain stability:

Line regulation:

Frequency range at AC
superposition:

Rise time (at load=10£2):

Slew rate:

Protection circuits:
Input:

Input voltage:
(for max. output voltage)

Input impedance:
Interface (optional):
Ambient temperature:

Options:
Option 06:
Option 07:
Option 10:
Option 11:
Option 17-300:

Option 18:
Option pulse 5:

Option pulse 7:

Option OPD:
Option Car Tester:
Option Load Dump Generator:

e —
=

All PAS xxx/GN/Kfz
depending on oscillator used

max. 2%, typ. <1%

10min: <0.2% at constant load and temperature
8h: <0.5% at constant load and temperature

<1.5x10™* per 10V line-voltage change

DC ... 50kHz small signal bandwidth 8Vpp
DC ... 100kHz small signal bandwidth 4Vpp

<10ps
U; :>1V/us
U, : >2V/us
U3 . >3V/HS

Overload / Short circuit / Overtemperature

+5V,

approx. 8kQ
IEEE488
0°C up to +40°C

Output voltage monitor
Output current monitor
Internal resistance compensation
Special voltage ranges

Floating output
Max. voltage between earth and ground of the output of the amplifier:300V s

Special line voltages (110V ... 300V)
Usest puise D (short-time): Max. 200Vpc

Ri:0.5¢ ... 82
Usest puise 7 (short-time): Max. -80Vpc
R;:10Q
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Pulse Generator

type CAR — TESTER

EMC-Test Equipment

The relating standards:
ISO 7637

Test pulse 1

Test pulse 2

Test pulse 3

for electrical installation of vehicles :

Test pulses according to

DIN/ISO 7637
Pulse Waveform
#1 1/2000ps, 600V

3/1000ps, 600V
3/2000ps, 600V

#2a 1/50pus, 600V
Ri = 2Q/4Q/10Q/
20Q/50Q/90Q/
#3 5/150ns, 800V
Ri = 50Q

Three different types are
available:

CAR-TESTERI|
35 Apc= continuous mode
50 Apc short time, duty cycle 5%

CAR-TESTERII
100 Apc= continuous mode
150 Apc short time, duty cycle 5%

CAR-TESTER Il
200 Apc= continuous mode
360 Apc short time, duty cycle 5%

The CAR-TESTER is an EMC test system designed for testing
the electromagnetic immunity of the electrical installation of
vehicles and components against supply line transients. It in-
cludes a set of pulse generators which supply the test pulses
listed above, a triggerable power switch (to isolate the DC sup-
ply when testing with negative pulses) and the artificial network.
A fast voltage probe, ratio 100:1, for capturing transient wave-
forms is also included.

CAR-TESTER features a microprocessor controlled user inter-
face and display unit for ease of use. The microprocessor allows
the user to either execute standard test routines, or a ‘user de-
fined” test sequence. The test parameters, which are shown on
the built-in display, are easily adjusted by means of the rotary
encoder. A standard parallel interface provides the ability to print
a summary of the test parameters whilst testing is being carried
out.

As well as manual control, the CAR-TESTER and all additional
modules may be remotely controlled by a fibre optic computer
interface. Software packages for generator control, documen-
tation & test result evaluation are available.

The CAR-TESTER impresses by its compact design, simple
handling and precise reproducibility of test impulses. High-
voltage switching is accomplished by means of maintenance-
free semiconductor switches.
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TECHNICAL DATA CAR-TESTER

Control: Microprocessor control, LCD module 8*40 characters
Optical-interface for remote control of the generator Built-in
Parallel printer interface for on-line documentation 25-way ‘D" connector
External trigger input 10V at 1kQ
Diagnostic input for monitoring of the test device 4 channels, 5V-Level
Connector for external safety interlock loop 24Vpc
Connector for external red and green warning lamps 230V, 60W
according to VDE 0104
Mains power 230V, 50Hz/60Hz

Housing: Plug in unit, 7U

Dimensions (mm): W *H * D

Weight

Power supply switch:
Max. Output current:
Continuous mode
Short time, duty cycle 5%
Max. Reverse voltage
Trigger-input
Artificial Network:
Nominal operating voltage
Series inductance
Load impedance
Load resistor R, switchable
Connector for external load resistor, 22
Measurement probe:
Impulse voltage divider 4.95k2/5002
Impulse current measuring resistor

Burst:

Amplitude of burst output voltage
Waveform

Rise time, t,

Pulse duration, t4

Source resistance

Polarity

Pulse period t;

Burst duration t,

Burst period t5

Max. continuous burst frequency

483x311x520
45kg
CAR Tester | CAR Tester i CAR Tester lll
35Apc 100Apc 200Ap¢
50 Apc 150 Apc 360 Apc
800V

Built-in (connectable to external modules)

0V ... 56V

5uH, 100Apc

0.1pF + 50Q

10Q, 20Q, 40Q
Built-in

Transient immunity test:

100:1, 1kV,
Impulse current measuring resistor

5uH, 35Apc 5uH, 200Apc

Designed for generation of test pulses #3a / #3b
according to ISO 7637-2
1 (25V ... 800V) + 10% adjustable

ul  t4 t5

LAV g
5.0ns + 30%
150ns + 30%

R{=50Q
pos./neg./alt (switchable)
1.0ps ... 1.0ms adjustable
0.1ms ... 25ms adjustable

10ms ... 1000ms adjustable
20kHz
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Surge

Charging voltage

Max. stored energy

Max. charging time

Polarity

Source resistance

Only with negative pulse polarity:
Power supply disconnection time, t»
Trigger delay, t;

PFN 1
Waveform 1/2000us
Pulse # 1
Rise time, t,
1.0ps +0ps/-0.5us
Pulse duration, ty
2000ps = 20%
Waveform 3/2000us or 3/1000us
Puls # 1
Rise time, t;
3.0ps +0us/-1.5us
Pulse duration, ty
2000ps/1000ps + 20%

PFN 2a
Waveform 1/50us
Puls # 2a
Rise time, t,
1.0ps +0ps/-0.5us
Pulse duration, t4
50us + 20%

Transient Emission Test

Load resistor, switch able Rs
10Q, 20Q, 40Q, ext. >2Q
Switch-off time, t., adjustable
1...1000s

Switch-on time, t,,, adjustable
1...1000ms

Number of Pulses, adjustable
1...1000

Designed for generation of test pulses #1, #2a

according 1ISO 7637-2

+ (0V ...600V) = 10% adjustable

18J
0.5sec ... 5.0sec

positive, negative switchable

2Q, 4Q, 102, 2022, 50Q or 90Q, switchable

3 ... 200ms *+ 20%

< 100us
(17
90 %
< tr=1
10 /
I =4 Uo =
T d 6
ud . t2
Uo 1 td =
10 % t
<13 >I6 ﬂl’>

Uj

Power Switch Transients, according to ISO 7637-1/2
Measurement of voltage and current transient while switching the

power supply on and off

toff

ton

Uo

Period

v
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SCHEMATIC DIAGRAM CAR-TESTER

CAR-TESTER:
BAT
T T
Power
Switch
D.U.T.
= }
OPTIONS:
CDN 500 Capacitive coupling clamp
for capacitive coupling of BURST pulses to screened cables
4/

) Spitzenberger & Spies 2013
SPS-TD-CAR-TESTER-e-0001.docx

Distributed by: Reliant EMC LLC, +408-320-9644/+408-916-5750, www.relianfemc.com



The relating standards:

HS'SW”:Ch Type EDS LV 124 E10
_ _ _ LV 124 E13
Simulation of micro cut-offs and discharge of Renault 36-00-808L 6.1.10

. . )
load currents in automotive supply networks PSA B21 7110 7.1.13° )
Audi BT-LAH XXX.915.181.XX*

< - ‘B

e |
° o

TN

&

The ps-Switch Type EDS is
a very fast electronic S1
switch combination for tes-
ting according to several
automotive test standards. Source

Originally designed for the Urest S 52 =T
LV124 standard, the EDS
flexibility extends its use to
many manufacturer specific
standards.

Fig. 2: Test setup according to LV124

LV124 E10: Short interruptions on supply lines — Tests according to this standard can be run in
manual mode or as an automated sequence.

LV124 E13: Short interruptions on signal lines — Tests according to this standard can be run in
manual mode or as an automated sequence.

Renault 36-00-808L EQ/IC 04: Resistance to power supply micro-interruptions — Tests
according to this standard can be run in manual mode or as an automated sequence.

PSA B21 7110 EQ/IC 04: Resistance to short interruptions of the power supply — Test
according to this standard can be run in manual mode or as an automated sequence.

Audi BT-LAH XXX.915.181.XX: Short interruptions and start-up behaviour — Tests according
to this standard can be run in manual mode or as an automated sequence.
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The switches have to per- t,
form a series of switching ; — — -
on/off the supply voltage or '
to switch between two
voltage levels within different
time periods t; of minimum
10us up to 2s. The different
standards define test levels
and pulse and pause du-
rations.

The ability of generating very Fig. 3: Test pulses according to LV124
short voltage drops with
10ps duration requires a
very fast rise- and fall-time of o i . . o
the electronic switches. The #

LV124 standard specifies J"_LJ"—LJ"_LJ"_

the rise- and fall-time t, / t; as

UL
10% of the desired testing _Lr _L Ji_‘LJ’_"LJ"—LJ"_

cycle t;.

1s 1s 1s 1s

_ Fig. 4: Test pulses according to AUDi BT-LAH XXX.915.181.XX
The EDS has two controlling

trigger outputs, signalling the
switching of the two switches
S1 and S2. To perform a
test, the EDS offers manual
mode  testing  (operator
controlled  switching)  or
sequencing mode. In
sequencing mode the EDS
display guides through a
simple test setup procedure.

Ius -3 0000us Osto @ 2/ 2 g3iook

An optionally available soft-
ware package SPS-Auto-
motive offers a PC based SR N s
automated test solution with D@D Ir 10908 Loooms
test modules for the ac- Ey TR

. THQ DCIMO DC1MOQ
cording standards. ;

5. 00V

=B. 00VEnp ty Enply Enpty
points RTC:2013/04/02 13:13:19
Fig. 5: fall time according to LV124

With the external trigger
inputs for S1 and S2 the
tests can be performed with
an external control unit.
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TECHNICAL DATA EDS

Input:

Input voltage:
External trigger input:

Output:
Output current capability:
Internal Impedance:
Rise time t./ Fall time t; @ 1k<2:
Rise time t./ Fall time t; @100£2:
Rise time t,/ Fall time t; @242:
Rise time t./ Fall time t; @1£2:
Min. adjustable pulse width

(individual operation):
Pulse width inverse operation:
Trigger output:
Protection circuits:
Interface:
Power supply:
Protection:
Contactor type:
Ambient temperature:
Housing:
Dimensions (mm):
Weight:
Cooling:
Option:

Wiring diagram calibration:

Control:
Resistor types:

1k

10002:

10

Monitoring output:
Dimensions (mm):

EDS 100

60V,
5...24V

100A4c
10mQ at nominal current
<1pus/<10us
<1ps/<1pus
<1ps/<1yus
<1us/<1us
2us

5us
TTL level (+5V)

overload / short circuit / overtemperature
overvoltage limitation for inductive loads®

|IEEE488 / RS232
230V (£10%, 50Hz ... 60Hz)
2A
Schuko

0° Cupto40°C
19“-plug-in unit; 5U
485x455x223
15,5kg
temperature-controlled fans

Calibration Kit LV124

S1

DC
Source

ouT

EDS S2

GND

built-in software function

Calibration
Kit

high precision non-inductive measurement resistors

power capability / accuracy
1 Watt/ 1%
5 Watt / 1%
125 Watt / 1%
BNC Connector
114x64x55
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Option:
Wiring diagram:

Rise-time / Fall time
at 1k$2 and 2us pulse duration

Input voltage:

Output:

Output current capability:

Rise time t./ Fall time t; @ 1kQ2:
Rise time t./ Fall time t; @100£2:
Rise time t./ Fall time t; @242:
Rise time t./ Fall time t; @12:
Internal Impedance:

Housing:

Dimensions (mm):

Connection cable:

E—Sr—ITZENBERGER

riEs

EDS 5 EDS 5 Data
IN s1 ouT
bC EDS5 EUT
Source
GND

Ch1:20.0mV/DIV — 200us/DIV
60Vye

5Aqc 100mA4.
<1ps/<1pus
<1ps/<1ps
<1ps/<1pus
<1ps/<1ps
75mQ at nominal current
External unit with connection cable
114x89x55
CAT5 2m (included)
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Pulse Generator
type LDG

The Load Dump Generator
(LDG) generates the pulses #5
according to ISO 7637-2.

These pulses may occur in the
event of a discharged battery
being disconnected while the
alternator is generating char-
ging current and with other
loads remaining on the al-
ternator circuit at this moment.

TECHNICAL DATA
Type
Application:
Idle output voltage:
Pulses:
Pulse width:
Pulse rise time:

Pulse accuracy:
(calibration cycle: 1 year)

Polarity:
Max. energy:
Repetition rate:
Source resistor:

Battery supply:
Max. voltage:
Cont. current :

Power supply:

Protection:
Contactor type:
Ambient temperature:
Housing:
Dimensions:
Weight:

E—Sr—ITZENBERGER

riEs

The relating standards:
ISO 7637-2

Test pulse 5

Test pulse 7

LDG 35/ LDG 100/1 LDG 200/1
Generation the pulses 5 according to ISO 7637-2
40V ... 200V

40ms / 50ms / 60ms / 75ms ... 400ms (resolution 25ms)
5...10ms

Corresponding to ISO 7637-2:2004
(calibrated at battery voltage Ug / Up = OV)

Positive
22504
max. 40s
0.5Q ... 12.5Q (resolution 0.1Q)

60V 60V 60V
35A 100A 200A
230V/400V (+10% -10%, 50Hz ... 60Hz)
6.3A
CEE-plug
0°C ... +40°C
19"-plug-in unit (6U), colour light grey (RAL 7035)
approx. H=267mm; W=483mm; D=600mm
approx. 60kg
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OPTIONS:

Option Interfaces: IEEE488 / RS232

Option Pulse #7 Special mains supply voltage

Option Load Dump Supressor Diode surpression network that can be adjusted via plug-in jumpers
Network type LDSN from 22Vp¢ to 178Vpc/Resolution: 22Vp¢
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High Voltage Tester HVT 1000

The High Voltage Tester
HVT 1000 can be used for
withstand voltage tests and
insulation resistance tests
according to 1ISO 16750-2
(see table below).

TECHNICAL DATA

E—Sr—ITZENBERGER

riEs

The relating standards:
ISO 16750-2
ISO 21848.5

Applications: Withstand voltage test according to ISO 16750-2 (4.11) or ISO/CD 21848.5 (4.10)
Insulation resistance test according to ISO 16750-2 (4.12) or ISO/CD 21848.5 (4.10)

Nominal voltage:

Amplitude resolution:
Load regulation:
Frequency range:
Protection circuits:

Input voltage:
(for max. output voltage)

Input impedance:
Overcurrent detection:

Detection level:
Operating mode:
Action:

Low resistance detection:
Detection level:
Operating mode:

Action:
Interface:
Power supply:
Ambient temperature:
Housing:

Dimensions:
Weight:
~

Unc: 100 ... 1000V ac/ Inom: 0.5MAAc / Imax: SMAac
Upc: 100 ... 1000Vpc/ lnom: 0.5MADG / Imax: 5MApc

100mV
0..0.5mA: < 3% /0.5 ... 5mA: < 25%
50Hz ... 60Hz
Overload and Short circuit
5V,

approx. 10kQ

0.1mA ... 5mA
AC or DC
Switch off / visual display / acoustic warning

1MQ ... 100MQ
DC
Switch off / visual display / acoustic warning
IEEE488
230V (+6% -10%) 50Hz ... 60Hz (fuse at 2A)
0°C ... +40°C
Sub-drawer system in 19”-plug-in-unit (3U)
approx. H=135mm; W=483mm; D=450mm
approx. 12kg
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Re|ay Field Set The relating standards:
ISO 16750-2

FORD Cl270

The Relay Field Set can be
used for short-circuit-tests of
load circuits and supply-
switching-tests in  road
vehicles.

TECHNICAL DATA

Type R1/8 R32/2
Applications: FORD CI270: ISO 16750-2: Open Circuits,
Immunity to Voltage Signal Circuits
Overstress Mitsubishi: Supply Voltage
ISO 16750-2: Open Circuits Intermittent Test
Relays: 8 per unit 2 per unit
Contacts: 1 input / 1 open contact/ 1 close contact (per relay)
DC values: Umax: 42Vpg / Imax: 1Apc Umax: 42Vpg / Imax: 32Apc
Switching time: app. 200 ... 300us at 24V/1A app. 500ms at 13.5V/30A
Connection: D-SUB 25pole plug panel-mount socket
Protection circuit: Overcurrent
Control switching state: Menu or interface controlled
Interface: IEEE488
Power supply: 230V (+6% -10%) 50Hz ... 60Hz (fuse at 2A)
Ambient temperature: 0°C ... +40°C
Housing: Sub-drawer system in 19”-plug-in-unit (3U)
colour light grey (RAL 7035)
Dimensions(mm): approx. 135x483x450
Weight: approx. 10kg
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Test Pulse Generator
type TDG/Ford

The Test Pulse Generator
TDG/Ford can be used for
testing the immunity against
Transient Disturbances Cl 220
/ Cl 260.

TECHNICAL DATA
Applications:

Input voltage:
Output:

Hour meter:
Interface:

Power supply:
Protection:

Ambient temperature:
Housing:

Dimensions:
Weight:

E—Sr—ITZENBERGER

riEs

The relating standards:
Ford Cl 220
Ford CI 260

Immunity from Transient Disturbances
Cl220/ A1, A2, B1,B2
Immunity to Voltage Dropout Cl 260 (Random Bounce)

12 ... 14Vp¢

Puls Cl 220 A1, A2, C
Puls Cl 220 B1, B2

Puls Cl 260 F
Count-up (100h) with reset function
IEEE488
230V (+10% -10%) 50Hz ... 60Hz
2A
0°C ... +40°C

Sub-drawer system in 19”-plug-in unit (3U)
colour light grey (RAL 7035)

approx. H=135mm; W=483mm; D=450mm
approx. 15kg
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"Spitzenberger & Spies offers extra /Tshgggéa;/ngsfandafd&'

protection for expensive prototype cars" ISO 16750-2

ISO 21848
High currents require extra protection devices. Thinking about luxury = BMW GS 95002
and upper class automobiles, currents up to 800A for the initial motor and many manufacturers test
startup are necessary. Everybody can imagine, in which dimensions a | specifications
simulation system for automotive supply networks has to be.
Taking a fully equipped modern limousine as an example, many different power consuming units are on
board. Motoric devices as well as high speed heating systems for front windows and lots of other appliances.
All of them require immediately high currents for their desired operation.

” T \m At the prototyping cycle of current cars in in-house testing facilities
= Qe | B et (according to ISO 7637 and lots of manufacturer specific test
regulations) a programmable DC power supply source with a very high
current capability, very short rise time (+/-), very low internal resistance
and a very high peak power capability is absolutely necessary.

A well-known representative of such a voltage source is the
PAS 15000 GN/Kfz, able to deliver short time currents far above
1000A. With such a simulator devices with high-energy needs can be
tested also.

During any test run the protection of the (mostly expensive)
prototype against overvoltage must be most important.

In any case of fault condition the supply source must be prevented from
delivering power into the prototype system. If not, uncontrollable
damages of the system up to burning fire can happen. Spitzenberger &
Spies has developed an overvoltage protection device OPD suitable
for the above mentioned purpose. It is offered as an optional unit for the
well-proved  Spitzenberger automotive supply simulator series
PAS xxx GN/Kfz.

The functional principle of the
OPD is a mechanical power
OP switch with a monitoring and
EUT supervising unit. This switching
unit is located between the
simulator and the EUT.

PAS -

To afford maximum security the monitoring of the output voltage is set up as a redundant system. On
the one hand the output voltage is supervised directly at the EUT through external sense lines. On the other
hand the current flow through the protection diodes of the supervising unit is analyzed. The OPD output is
enabled only if both monitoring units evaluate “ok”.

Additionally the polarity of the output voltage is supervised.
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Release Line

PAS xxx/GN/Kfz OPD
The release line controls the cut-off switches inside the OPD and in the voltage input of the simulator

LA
.

The main function of the electronic protection is to prevent the EUT from any damage until the mechanical
switches have cut off the voltage. This duration is typically 20-30ms. The components inside this electronic
protection must have an improved quality to withstand the voltage and power delivered to the EUT until the
mechanical switches have released.

s e T *= Only one measured difference from the reference values is necessary
| to active the protection sequence.
In any case of fault the electronic monitoring unit activates immediately
a multi-stage protection sequence.
; - Within ps an electronic protection cuts off the voltage to shield the EUT
: \ Lot until the mechanical protection switch has released (typically 20-30 ms
> et b ol e duration). The supply lines between EUT, OPD and the automotive
=8 ISGT A e < 58 woaan:  SUPPIY Simulator are disconnected, the whole system is de-energized.
Release characteristic of the electronic
protection (100us/DIV)
Tek Run ] : Trig? 3 [

y

To guarantee a perfect protection the functionality of the protection unit

is tested automatically at each startup (Power-On Self-Test).

A manual function test can be performed at each time using the

according front panel buttons.

As a reminder for the operator the output of the simulator is locked until

the function test of the OPD is stating “OK”. Only a passed function

ol test is releasing the output of the simulator and the OPD.

C R BT T wouwa The diagrams above show the typical switch-off duration of the OPD’s

"= electronic protection on the one hand and the release duration of the
mechanical switches on the other hand.

#[50.00 %

Release characteristic of the
mechanical switch (10ms/DIV)

The result is: The Overvoltage Protection Device is the perfect bodyguard for expensive EUT's.
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PAS series of 4-Quadrant Amplifiers
THE REAL 4-QUADRANT AMPLIFIER

%g:gzeunencen L-QUADRANT AVPLFER PAS 1000

8
|
|

o

Hi
i

i
i

~ Extremely low harmonic distortion - even under very non-linear load conditions

~ Very fast slew rate > 52V/us (rise time < 5us at 230Vms as required by
IEC/EN 61000-4-11)

~ QOperates from DC up to 5kHz large signal bandwidth (-3dB) - optional up to 30kHz
~ Small signal bandwidth up to 50kHz or 100kHz

~ High long-term overload characteristic (up to 1-hour)

~ High short-term overload characteristic (for 5 ... 10mins.)

~ Very high peak-load ability (up to 5ms)

~ Very low internal resistance

THE REFERENCE SOURCE FOR ALL APPLICATIONS
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THE REAL 4-QUADRANT AMPLIFIER

Compliance with the requirements of the European EMC directive requires a statement of
sproduct conformance” to a variety of emission and immunity specifications. These specifications
define not only the type of test, but also the technical requirements for the test instrumentation.
In particular, in the field of low-frequency conducted phenomena, an AC/DC-voltage source is
required for almost all types of test. In order to comply with these requirements a 4-quadrant
amplifier has been developed which is based upon a linear push-pull design. Some of the
remarkable features of this amplifier design include it's ironless output stage, extensive use of
negative feedback over all amplifier stages, an extended frequency range and a very low internal
resistance.

FIELD OF APPLICATION

‘‘‘‘‘‘‘‘

Extremely low
harmonic distortion

EUT’s with switched-mode
power supply and non-linear
current consumption (Fig. 1)
need a very stable voltage
source. The non-linear cur-
rent characteristic of EUT’s
with peak current flow in
comparison to the harmonic
limits according to the stan-

dard IEC/EN 61000-3-2 are Fig. 1: Input current (41A,,s/106A,) of the EUT
shown in Fig. 2.
The voltage source meets the .

extremely rigorous require-
ments of the standard
IEC/EN 61000-3-2, even un-
der very non-linear load con-
ditions.

The waveshape of the output
voltage is stable at any time
(Fig. 3). The analysis of the

harmonic content of the o

voltage source output signal H ALl
when connected to a non " s e e
linear load shows Fig. 4. Fig. 2: Frequency spectrum of the EUT
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Fig. 5: Grid Simulator PAS 5000

Very low internal
resistance

The extremely low internal
resistance of the amplifier
guarantees a full compliance
measurement according to
IEC/EN 61000-3-3  source
specifications, even under
dynamic load conditions.

E—Sr—ITZENBERGER

EriEs

Kiasse D oerprifung - Zeifenster 1von 1

. 3: Output voltage of the voltage source (PAS 5000)

‘SpokinumZeiforsior 1 von 1 - EN61000-32 Vollages

uw HARMONIC ANALYSIS Tost PASS in Timowindow 1 of 1

o % @ ®  m o W @ s ®  ® W

Fig. 4: Frequency spectrum of the voltage source (PAS 5000)

Testconditions: 230 V /50 Hz / Phase: L1 / Observations: 3 x 10 min / Ztest: (0.40+j0.25) Ohm

FLICKER: Test FAIL! Max. permitted Imp.: (0.094+j0.059) Ohm

Time Pmax Pst Sliding PIt| (1)~ 207 []| dmax [%] | dc [%] |PASS FAIL
12:51:28 | 113.300 2.6250 2.6250 .- 5.573| 0.108 X
13:01:28 24.060 2.3970 | 2.3970 --e- 2.541 | 0.096 X
13:11:28 19.660 23570 | 2.3570 s 2.366 | 0.002 X
Limits: 1.000 0.650 0.500 4.000 | 3.300
PIt: 1.553090 (calculated over 12 periods)

Evaluated: PST

FLICKER: Source test PASS!

Time Pmax Pst Sliding PIt| (1)~ 207 []| dmax [%] | dc [%] |PASS FAIL
12:51:28 0.006 0.0550 | -.---- - 0.087 | -.---| X
13:01:28 0.001 0.0260 | -.---- 0.108| -.---| X
13:11:28 0.001 0.0230| -.---- 0126 -.---| X
PIt: 0.025377 (calculated over 12 periods)

Evaluated: PST <=0.4 dmax < 20% dmax1

Geprift mit EMC test software V2.3 / PAS5000 von Spitzenberger + Spies GmbH & Co. KG, Schmidstr 32-34, D-94234 Viechtach, 11.10.2004

Fig. 6: Flicker measurement with photocopier as the EUT
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Very fast rise and fall time

Due to the very fast slew rate of >52V/us the PAS is fully compliant according to the require-
ments of IEC/EN 61000-4-11 in practice.

TekStop | | E—— Trig?
Ch1 Anstieg Ch1 Anstieg
................... 4.5151s G s
1 Keine giiltige
N Flanke
....... 4 Cchi Abfall + chi Abfall
1 4.3175
Keine giiltige
Flanke
Ch1 +iber Ch1 +iber
2.160 % 1.238 %
h1 —{ib h1 —{ib
L RS e L Bl
[ TR H4-00us A Chi 7 150V Sl 50.0V : H4.00ps] A Ch1 L~ 150V
§ T 26 Feb 2004
[20.00 % SPéﬁS?e-Can-make-weather (2000 % 1:44:35
Fig. 7: rise time of the output vpltage Fig. 8} fall time of the output voltage

Extremely high
loadability

150% of rating is available in
the case of a real load.
Amplifier stability is absolute-
ly assured when operating
with either inductive or capa-
citive loads.

DC-Simulation

DC Signals can easily be ge-
nerated using the directly
coupled ironless amplifier
output-stage

All test devices requiring a
DC content within their input
current can be supplied
without problems.

Power in %

175

150

125

100
75

50

25

cap. 0

1 ind. 0
Load power factor

Fig. 9: PAS Performance characteristic

L

Fig. 10: PAS DC Characteristic
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TECHNICAL DATA:

Nominal voltage AC
DC
Voltage adjustment
Load regulation
135V /DC ... 450Hz
135V /450Hz ... 5kHz
270V /DC ... 450Hz
270V /450Hz ... 5kHz
Gain stability - 10min:
-8h
Line regulation
Frequency range

Slew rate
Harmonic distortion
135V /DC ... 450Hz
135V /450Hz ... 5kHz
270V /DC ... 450Hz
270V /450Hz ... 5kHz
Protection circuits
Input Max. voltage
Impedance
Internal control source (optional)
Type
Wave form
Amplitude resolution
Frequency range
Frequency resolution
Ambient temperature

Options

01: IEEE 488 Interface
06: Output voltage monitor
07: Output current monitor

10: Internal resistance
compensation

Remarks:

1)  at nominal voltage and cos ¢ > 0.7

2)  at nominal voltage

3)  for approx. 5 ... 10mins; duty cycle 1:9
4) forapprox 2 ... 3ms

PAS Series
135V ms / 270V ms
+191V/ £382V
depending on oscillator used
Max. / Typ.
0,5%/0,2%
2,0%/1,0%
0,3%/0,1%
0,6%/0,2%
<0.2% at constant load and temperature
<0.5% at constant load and temperature
< 1.5x10™ per 10V line-voltage change
DC ... 5kHz large signal bandwidth (-3dB)
DC ... 50kHz small signal bandwidth
> 52V/us (rise time < 5us at 230V,,s according to IEC/EN 61000-4-11)
Max. / Typ.
0,3%/0,1%
2,5%/1,5%
0,1%/0,05%
0,6% /0,3%
Overload / Short Circuit / Over temperature
5V,
approx. 8kQ

DDS2
Sine wave, DC
100mV
10Hz ... 5kHz
100mHz
0°C upto 40°C

Not required in combination with control unit type SyCore
(electrically isolated)
(electrically isolated)
available

5)  Replaces standard range 0 ... 135Vims (£191Vic )/0 ... 270Vims (£382Vipc)
6) Max. voltage between earth and ground of the amplifier output
7, ) To increase the output power of an amplifier, up to three similar amplifiers may be connected in parallel

8)  With measurement adaptation to PAS
9) At 230V input voltage
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Power AC "7 - continuous
- approx. 1h
Power DC 29 - continuous
- approx. 1h

Short-time power " ¥9
Peak power 49 -at 135V
-at270v
Digital instrument Voltage range
Measuring ranges Current range

Accuracy Voltage

DC; 45Hz ... 450Hz

15Hz ... 45Hz;450Hz ... 5kHz
Accuracy Current

DC; 45Hz ... 450Hz

15Hz ... 45Hz;450Hz ... 2kHz

2KHz ... 5kHz
Power Supply
(+10% /-10%, 50Hz 60Hz)
Protection:
Contactor type:
Housing Amplifier
approx. dimensions in mm
Power Supply
approx. dimensions in mm
Weight Amplifier (approx.)
Power Supply (approx.)
Options
11-33Z: Additional voltage range
11-56Z: Additional voltage range
11-240Z: Additional voltage range
11-300: Special voltages °
11-300Z: Special voltage and

additional voltage range ®
11-630DC:  Additional DC-voltage range

13-15: Special frequency range

13-30: Special frequency range

17-300: Floating output ®

21: Parallel operation mode ”

24-P: Programmable internal
impedance

28-540/C:  Voltage transformer ®

29-xxx/C: High voltage transformer §

e J |
=

PAS 1000 PAS 2500 PAS 5000
1000VA 2500VA 5000VA
1500VA 3750VA 7500VA
1000W 2500w 5000W
1500W 3750W 7500W
2000VA 5000VA 10000VA

3200VA, 10500VA, 21000VA,
6400VA, 21000VA, 42000VA,
300V
20A 40A 80A
Max. / Typ. (of measured value 2 digit)
0,5%/0,2%

1,0% /0,4%

Max. / typ. (of measured value #2 digit)
0,8%/0,4%
1,6%/0,8%

1,6% /0,8% 5,0% /3,0%
230V 230V/400V
16A 3 x 16A 3 x 20A
Schuko CEE
197, 4U 19”7, 5U 19”,7U
178x483x600 222x483x600 311x483x600
included 19”, 5U 19" 5U
= 222x483x600 222x483x600
45kg 30kg 45kg
- 85kg 100kg
0 ... 33Vims (x47Vic)
0 ... 56Vims (¥79Vpc)
0 ... 240V/ms (£339Vpc)
0 ... 150Vims (212Vpc ) / 0 ... 300V ms (+424 Vi)
0 ... 60Vims (£85Vpc) /0 ... 150V ms (2212Vpc) / 0 ... 300Vms (424 Vi)

0 ... +630Vpc In combination with option 11-300 or 11-300Z
DC ... 15kHz (-3dB)

DC ... 30kHz (-3dB)

300Vrms

(DC ... 5kHz / Only with SyCore)

R:25mq ... 20/Resolution:25ma
L:25pH ... 3.2mH/Resolution:25uH

Other voltages on request
1000V and above values on request
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Power AC "? - continuous
- approx. 1h
Power DC ?° - continuous
- approx. 1h

Short-time power " ¥9
Peak power 49 -at 135V
-at270v
Digital instrument Voltage range
Measuring ranges Current range

Accuracy Voltage
DC; 45Hz ... 450Hz
15Hz ... 45Hz;450Hz ... 5kHz
Accuracy Current
DC; 45Hz ... 450Hz
15Hz ... 45Hz;450Hz ... 2kHz
2KHz ... 5kHz
Power Supply (+6% /-10%, 50Hz 60Hz)
Protection:

Contactor type:
Housing Amplifier
approx. dimensions in mm
Power Supply
approx. dimensions in mm
Weight Amplifier (approx.)
Power Supply (approx.)
Options
11-33Z: Additional voltage range
11-56Z: Additional voltage range
11-240Z: Additional voltage range
11-300: Special voltages ®
11-300Z: Special voltage and
additional voltage range ®
11-630DC:  Additional DC-voltage range
13-15: Special frequency range
13-30: Special frequency range
17-300: Floating output ®
21: Parallel operation mode 7
24-P: Programmable internal
impedance
28-540/C:  Voltage transformer ®
29-xxx/C:  High voltage transformer ®

O O O O O

0..
DC ... 15kHz (-3dB)

e J |
=

PAS 7500 PAS 10000 PAS 15000
7500VA 10000VA 15000VA
11250VA 15000VA 22500VA
7500W 10000W 15000W
11250W 15000W 22500W
15000VA 20000VA 30000VA
31500VA, 43750VA, 70000VA,
63000VA, 87500VA, 140000VA,
300V
150A 200A 250A

Max. / Typ. (of measured value 2 digit)
0,5%/0,2%
1,0%/0,4%

Max. / typ. (of measured value 2 digit)
0,8%/0,4%
1,6% /0,8%

5,0% / 3,0%
230V/400V
3 x 32A 3 x 40A 3 x 63A
CEE
19”, 10U 19" 17U 19”, 23U
444x483x600 755x483x600 1022x483x600
19”, 10U 19", 12U 19”, 12U
444x483x600 533x483x600 533x483x600
60kg 80kg 120kg
200kg 220kg 240kg
.. 33Vims (£47Vc)
.. 56Vims (£79V0c)
.. 240V s (£339Vpc )

o 150Vms (£212Vp6 ) / 0 ... 300V ms (£424Vp0 )
. 60Vyms (£85Vc) /0 ... 150Vms (£212Vpc ) / 0 ... 300V ms (+424Vpc )

+630Vpc In combination with option 11-300 or 11-300Z

DC ... 30kHz (-3dB)
300Vrms
(DC ... 5kHz / Only with SyCore)

R:25mq ... 20/Resolution:25m@Q
L:25puH ... 3.2mH/Resolution:25pH

Other voltages on request
1000V and above values on request

7/10
© Spitzenberger & Spies 2013
SPS-TD-PAS-Overview-e-0001.docx

Distributed by: Reliant EMC LLC, +408-320-9644/+408-916-5750, www.reliantemc.com



e J |
=

PAS 20000 PAS 25000 PAS 30000

Power AC "? - continuous 20000VA 25000VA 30000VA

- approx. 1h 30000VA 37500VA 45000VA
Power DC ?° - continuous 20000W 25000W 30000W

- approx. 1h 30000W 37500W 45000W
Short-time power " ¥9 40000VA 50000VA 60000VA
Peak power " *? -at 135V 100000VA, 115000VA, 126000VA,

-at270v 200000VA, 230000VA, 252000VA,

Digital instrument Voltage range 300V
Measuring ranges Current range 300A 400A 500A

Accuracy Voltage

DC; 45Hz ... 450Hz

15Hz ... 45Hz;450Hz ... 5kHz
Accuracy Current

DC; 45Hz ... 450Hz

15Hz ... 45Hz;450Hz ... 2kHz
2KHz ... 5kHz

Max. / Typ. (of measured value 2 digit)

0,5% /0,2%
1,0%/0,4%

Max. / typ. (of measured value +2 digit)

0,8%/0,4%
1,6%/0,8%
5,0% / 3,0%

Power Supply (+6% /-10%, 50Hz 60Hz) 230V/400V
Protection: 3 x 80A 3 x 100A 3 x 125A
Contactor type: CEE
Housing Amplifier 197, 33U 197, 39U 19”,46U
approx. dimensions in mm 1467x483x600 1733x483x600 2042x483x600
Power Supply 197, 2x12U 197, 2x12U 19", 2x12U
approx. dimensions in mm 1066x483x600 1066x483x600 1066x483x600
Weight Amplifier (approx.) 160kg 200kg 240kg
Power Supply (approx.) 2 x 220kg 2 x 230kg 2 x 240kg
Options
11-33Z: Additional voltage range 0 ... 33Vims (+47Vnc)
11-56Z: Additional voltage range 0 ... 56Vims (£79Vpc )
11-240Z: Additional voltage range 0 ... 240Vms (£339Vnc)
11-300: Special voltages 9 0 ... 150Vims (£212Vpc ) / 0 ... 300V s (2424 Vpc )
11-300Z: Special voltage and 0 ... 60Vims (£85Vpc) / 0 ... 150V ms (£212Vpc) /0 ... 300V ms (£424Vpe)
additional voltage range ®
11-630DC:  Additional DC-voltage range 0 ... +630Voc In combination with option 11-300 or 11-300Z
13-15: Special frequency range DC ... 15kHz (-3dB)
13-30: Special frequency range DC ... 30kHz (-3dB)
17-300: Floating output ® 300Vrms
21: Parallel operation mode 7 (DC ... 5kHz / Only with SyCore)
24-P: Programmable internal R:25mq ... 20/Resolution:25ma
impedance L:25pH ... 3.2mH/Resolution:25uH
28-540/C:  Voltage transformer ® Other voltages on request
29-xxx/C:  High voltage transformer ® 1000V and above values on request
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Power AC "? - continuous
- approx. 1h
Power DC ?° - continuous
- approx. 1h

Short-time power " ¥9
Peak power 49 -at 135V
-at270v
Digital instrument Voltage range
Measuring ranges Current range

Accuracy Voltage
DC; 45Hz ... 450Hz
15Hz ... 45Hz;450Hz ... 5kHz
Accuracy Current
DC; 45Hz ... 450Hz
15Hz ... 45Hz;450Hz ... 2kHz
2KHz ... 5kHz
Power Supply (+6% /-10%, 50Hz 60Hz)
Protection:

Contactor type:
Housing Amplifier
approx. dimensions in mm
Power Supply
approx. dimensions in mm
Weight Amplifier (approx.)
Power Supply (approx.)
Options
11-33Z: Additional voltage range
11-56Z: Additional voltage range
11-240Z: Additional voltage range
11-300: Special voltages ®
11-300Z: Special voltage and
additional voltage range ®
11-630DC:  Additional DC-voltage range
13-15: Special frequency range
13-30: Special frequency range
17-300: Floating output ®
21: Parallel operation mode 7
24-P: Programmable internal
impedance
28-540/C:  Voltage transformer ®
29-xxx/C:  High voltage transformer ®

=1
=

PAS 40000 PAS 50000 PAS 60000
40000VA 50000VA 60000VA
60000VA 75000VA 90000VA
40000W 50000W 60000W
60000W 75000W 90000W
80000VA 100000VA 120000VA
192000VA 225000VA 250000VA

384000VA 450000VA 500000VA
300V
B600A 800A 1000A

Max. / Typ. (of measured value 2 digit)
0,5%/0,2%
1,0%/0,4%

Max. / typ. (of measured value 2 digit)
0,8%/0,4%
1,6% /0,8%
5,0%/3,0%

230V/400V
On request On request On request
CEE

On request On request On request
On request On request On request
On request On request On request
On request On request On request
On request On request On request
On request On request On request

0 ... 33Vms (247Vic)

0 ... 56Vims (£79Vnc)

0 ... 240V,ms (£339Vpc)

0 ... 150V s (¥212Vpg) / 0 ... 300V ms (424Vpc )

0 ... 60Vims (£85Vpc) /0 ... 150V ms (£212Vpc) /0 ... 300V ms (£424Vpc)

0 ... +630Vpc In combination with option 11-300 or 11-300Z

DC ... 15kHz (-3dB)

DC ... 30kHz (-3dB)

300Vrms

(DC ... 5kHz / Only with SyCore)

R:25mq ... 20/Resolution:25m@Q
L:25puH ... 3.2mH/Resolution:25pH

Other voltages on request
1000V and above values on request
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With a guaranteed future

Instead of many individual vol-
tage sources, the use of a
single universal voltage source
is both efficient and econo-
mical. The PAS series of
voltage sources are prepared
to meet the requirements of
additional standards such as:

IEC/EN 60146-1-1
IEC/EN 61000-2-2
IEC/EN 61000-4-4
IEC/EN 61000-4-5
IEC/EN 61000-4-8
IEC/EN 61000-4-11
IEC/EN 61000-4-13
IEC/EN 61000-4-14
IEC/EN 61000-4-17
IEC/EN 61000-4-27
IEC/EN 61000-4-28
IEC/EN 61000-4-29
IEC/EN 61000-4-34
IEC/EN 61131-2
IEC/EN 61496-1
IEC/EN 61800-3
IEC/EN 62040-2
SEMI F47-0706

Long life expectancy and

high reliability

The PAS - series is the perfect
programmable voltage source
for all your test equipment and
production line requirements.

Control

e | e TR 4

ENBERGER

S riEsS

.7:':

__lf'lrfl =

) s

ITZENBERGER

AL/ OC Malits Bimulstban
Fligs Faads ysinm

To control the amplifier a range of different oscillators, including
IEEE 488 control (e.g. SyCore, DDS units), are available.

Fig. 11: 3-phase Grid Simulator DM 30000
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AC-Current Amplifier Applications:

Circuit Breaker testing
Type DCS 5000/T Coil testing ,

Magnetic field generation

Thermal testing

etc.

Top Facts:

- Nominal power at cos phi 0 (inductive) ... 1 ... 0 (capacitive)
- High power efficiency >90%

- Current accuracy of 1% of the adjusted value

- Harmonic distortion < 1%

- Small dimensions

-1- SPS-TD-DCS5000T-e-0000.docx
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TECHNICAL DATA

Output:

Continuous power: "

cos phi:
Nominal current:

Current accuracy:
Efficiency:
Frequency range

Harmonic distortion:
(at nominal current)

Protection circuits:

Control:

Waveform:
Current range:

Min. Current resolution:

Frequency range:

Time measurement:

Interface:

Power Supply:

Protection:
Contactor type:

Ambient temperature:
Housing:
Dimensions:

Weight:

Remarks:

5000VA at nominal current (800A range)
2000VA at nominal current (100A range)

0 (inductive) ... 1 ... 0 (capacitive) at nominal power

100Aims (Vmax. :20Vims)
800Aims (Vmax. :6Vims)

1% of the adjusted value (10 ... 100% of the current range)

> 90% at nominal power
45Hz ... 100Hz

<1%

Overload
Open output
Overtemperature

Internal Control Unit DDS2
Front-Panel adjustment or IEEE-control

Sine
100A /800 A s
14bit
45Hz ... 100Hz / Resolution 100mHz

0000 ... 9999 s
automatic Reset at current change

IEEE488
Optical CAN (for parallel operation only)

230V/400V
(+10% -10%, 50Hz ... 60Hz)
3x16A
CEE
0°C upto +40°C
2x19”-unit, colour light grey (RAL 7035)
2x(4U)
each 178x483x600mm
Approx. 160kg

1) Nominal Power at 230V supply voltage at 22°C

Distributed by: Reliant EMC LLC, +408-320-9644/+408-916-5750, www.reliantemc.com
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EV series Overview The applications:
e - Component testing
AC VOItage amp“fler - Instrument testing

High frequency AC power amplifier system

v High slew rate

v Wide frequency range

v Very low internal resistance

v Frequencies from 1.5kHz to 300kHz can be generated in laboratory and test
systems

v Testing of wound components, capacitors and filters

v

Undervoltages and overvoltage as well as frequency variations may be simulated

v Testing of electrical and electronic devices of all kinds
(e.g. testing of high frequency measuring instruments)
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TECHNICAL DATA

Type EV300 EV600 EV1200
Power "
Continuous power: 300VA 600VA 1200VA
cos phi: 0.7 ind. - 1 - 0.7 cap. at nominal power

Nominal Voltage: 0-150V,ms Or 0-300V s

Digital instrument: 3 Y2 digit

Voltage range: 400V

Current range (optional): 2A 5A 10A

Max. / Typ. (of measured value #2 digit)

Accuracy Voltage: 15kHz-50kHz 2%
50kHz-100kHz 3%
100kHz-200kHz 6%
200kHz-300kHz 8%

Accuracy Current (DC): 0,8% /0,4%

Supply:

Power Supply 230V 230V/400V

(10%, 50Hz ... 60Hz)

Protection: 16A 3x16A

Contactor type: Safety plug CEE

Housing: 19”-plug-in unit, colour light grey (RAL 7035)

Dimensions (mm): Amplifier incl. Amplifier incl. Amplifier (7U)

Power supply (5U) Power supply (7U) Power supply (5U)
265x540x550 350x540x550 615x540x550
Weight (approx.): 35kg 45kg Amplifier 40kg
Power Supply 60kg
Remarks:

1) Nominal Power at 230V supply voltage
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Type
Voltage adjustment:

Load regulation:
0 ... nominal load

Gain stability:

Frequency range:

Harmonic distortion:
(at nominal voltage)

Protection circuits:

Control:
Waveform:
Amplitude resolution:

Frequency range:

Frequency resolution:

Input:

Input voltage:
(for max. output voltage)

Input impedance:
Interface (optional):
Ambient temperature:

e J |
=

All EV Series
depending on oscillator used

Type FS: 1.5kHz - 50kHz < 6%
50kHz - 100kHz < 8%

Type H: 15kHz - 50kHz < 4%
50kHz - 200kHz < 10%

Type CuG: 45Hz - 4.5kHz < 5%
4.5kHz - 100kHz < 6%

Type I: 45kHz - 100kHz < 4%
100kHz - 300kHz < 10%

10min: <0.2% at constant load and temperature

8h: <0.5% at constant load and temperature

Type FS: 1.5kHz - 100kHz (-3dB)
Type H: 15kHz - 200kHz (-3dB)
Type CuG: f1: 45Hz - 4.5kHz (-1dB)
f2: 4.5kHz - 100kHz (-3dB)

Type I: f1: 45kHz - 100kHz (-3dB)

f2: 100kHz - 300kHz (-3dB)

Type FS: 1.5kHz - 50kHz < 3%
50kHz - 100kHz < 5%

Type H: 15kHz - 50kHz < 5%

50kHz - 200kHz < 6%

Type CuG: 45Hz - 4.5kHz < 1% amplifier range
4.5kHz - 100kHz < 2% amplifier range
4.5kHz - 100kHz < 5% voltage transformer

Type I: 45kHz - 100kHz < 5%
100kHz - 300kHz < 8%

Overload / Short circuit / Overtemperature

Internal control source DDS-EV (optional)

Sine

100mV
Type FS: 1.5kHz - 100kHz (-3dB)
Type H: 15kHz - 200kHz (-3dB)
Type CuG: f1: 45Hz - 4.5kHz (-1dB)
f2: 4.5kHz - 100kHz (-3dB)
Type I: f1: 45kHz - 100kHz (-3dB)
f2: 100kHz - 300kHz (-3dB)

0.1Hz / 1Hz / 10Hz (adjustable)

+5V,

approx. 2kQ
IEEE488
0°C up to +40°C

SPS
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Options:
Option 01:
Option 04:
Option 06:
Option 07:
Option 11-a:

Option 11-b:

Option 18:

Option 22-300:

Option 22-11b:

Option 26-g:

IEEEA488 Interface

Digital instrument current measurement
Output voltage monitor

Output current monitor

Special voltage ranges
up to 0-600Vms/ replaces standard range

Special voltage ranges
up to 0-999Vms/ replaces standard range

Special line voltages (110V ... 300V)

Voltage range switching
e.g. 0-150Vrms /0-300Vrms

Voltage range switching
e.g. 0-400Vrms /0-800Vrms/ option 11-b included

Remote control connection (isolated)

level: 5V to 24V (active low)/

control lines for:

- Output (ON/OFF)/ voltage and frequency ranges

- Source selection (internal / external)

- Control of fixed frequencies: 25kHz/50kHz

(only available in combination with variable Oscillator type DDS 2-EV)
- DC-control input

0-10V control of amplitude and frequency

(only available in combination with variable Oscillator type DDS 2-EV)
- Manual voltage adjustment

connection of an external ten-turn potentiometer/back side

/4
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4-Quadrant Amplifier type PAS 5000  jeoeversose

IEC/EN 61000-4-7

Harmonic Performance demonstration

FIELD OF APPLICATION

For equipment intended to be connected to the 16A public
low voltage network harmonic current limits are defined in the
IEC/EN 61000-3-2 .

In the normative annex A2 of this standard the requirements
for the voltage source under load conditions are defined.

Point c) of the Annex A2 describes the limits of harmonic
voltage components of the voltage source. The EUT has to
be connected as in normal operation. This requirement has to
be met during testing EUT’s of classes A ... D (EUT type
classification of the IEC/EN 61000-3-2).

Point d) describes the waveform (crest-factor!). The wave-
form crest-factor has to be taken in account, when testing
EUT’s of class C and D of this standard.

Note on figure A.1: Q
“Zs (source impedance) and

Zy (measuring impedance) ——
are not specified, but have i .
to be sufficiently low to meet

the requirements in Annex zs
A.2. This must be verified
with the measurement unit @} v et
at the connection points to boLe
the EUT. For the value of
ZM see IEC/EN 61000-4-7"

Fig. 1: Measurement setup acc. IEC/EN 61000-3-2
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HARMONIC ANALYSIS OF THE EUT

; _ Voltage: 23018 Vrms 32549 Vpk  THD=0.14% THV=0.328V POHV=0.062V PWHD=0.17 %
For the harmonic perfor Current: 41528 Arms  -106.093 Apk  THD=107.03 % THC=30.342 A POHC=1.405 A PWHD=37.57 %
i Power: 6414.9 W P1=6422.1 W  9559.1 VA
mance demonStratlon Of the Powerfactor:  0.671 CosPhi1: 0.984
PAS voltage source the fol-  recondiions: Eneto00-32/ a1 4, 1=50 Hz, Phase=L1, Range=64.00 A
IOWIng appllcatlon was Set Time window cycles=16, Grouping of harmonics=off
up: HARMONIG ANALYSIS: Test FAIL in Timewindow 1 of 1
Ha Value Percent Angle EN61000-3-2 Margin | PASS | FAIL
Class A
The PAS 5000 power am-
e h DC 0.03A| 0.10%|---.-Deg B N
plifier was supplying an EUT 1| 28.35A[100.00%| 10.2Deg B N
. . 2 0.01A| 0.04%|-158.5 Deg 1.0800 A| -99.1%| X
with continuous power and 3| 23.76A| 83.82%|-149.0 Deg 23000 A| 933.2% X
Bt _ 4 0.02A| 0.06%| 26.8Deg 0.4300A| -963%| X
non-linear current consump 5 1620 A| 57.15%| 53.4 Deg 1.1400 A [ 1321.3 % X
tion. 6 0.01A| 0.05%|-150.7 Deg 0.3000A| -953%| X
7 822A| 29.00%| -98.9 Deg 07700 A | 967.6 % X
8 0.01A| 0.03%| 13.6Deg 0.2300A| -96.9%| X
. ) 9 259A| 9.12%| 139.1 Deg 0.4000 A| 546.4 % X
PAS 5000 nominal power: 10 0.01A| 0.02%| 122.1 Deg 0.1840A| -968% | X
5kVA 11 250A| 880%| 64.9Deg 0.3300A| 656.2% X
12 0.01A| 0.03%| -73.6 Deg 0.1533A| -944% | X
13 266A| 9.38%| -72.7 Deg 02100 A|1166.2% X
. 14 001A| 002%| 97.9Deg 0.1314A| -953% | X
PAS 5000 nominal current: 15 147A| 5.19%| 147.9 Deg 0.1500 A| 881.3% X
18.5A 16 0.00A| 0.01%|-137.2 Deg 0.1150A| -97.2% | X
-9Rrms 17 069A| 242%| 69.6Deg 01324 A| 418.4% X
18 001A| 002%| 5.6Deg 0.1022A| -948% | X
. . 19 110A| 3.87%]| -40.6 Deg 01184 A| 826.6% X
Whilst the demonstration the | 20| o000a| 0.02%]-1625Deg 0.0920A| -948%| X
. 21 0.90A| 3.18%| 177.6 Deg 0.1071 A| 742.9% X
PAS 5000 was sourcing a 22 0.00A| 0.01%| 86.2Deg 0.0836A| -982%| X
23 0.36A| 1.29%| 64.9Deg 0.0978 A| 273.0% X
current of > 41.5Ans and a 24 001A| 002%| -0.7Deg 0.0767A| -933%| X
25 0.50A| 1.76%| -8.0Deg 0.0900 A| 453.2% X
peak current of > 1 OGAP- 26 0.01A| 0.02%|-155.3 Deg 0.0708A| -908% | X
27 0.58A| 2.05%|-146.2 Deg 0.0833A| 598.5% X
. . 28 0.00A| 0.01%]| 48.0Deg 0.0657A| -93.9% | X
The harmonic analysis table 29 032A| 1.13%| 79.6 Deg 00776 A| 3122% X
P ; 30 0.00A| 0.00%| -9.1Deg 0.0613A| -99.1% | X
of the EUT’s input current is 31 023A| 0.80%| 157 Deg 0.0726 A| 211.9% X
Shown in Flg X 2 32 0.00 A 0.01 % | -117.1 Deg 0.0575A| -93.6%| X
33 0.37A| 1.32%]-109.0 Deg 0.0682A| 447.7 % X
34 0.00A| 0.01%| 80.5Deg 0.0541A| -931%| X
: . 35 0.28A| 1.01%| 109.4 Deg 0.0643A| 343.3% X
Fig. 3 shows the input cur- || ooa| 000%| -5800eg 0.0511A| -981%| X
; 37 0.12A| 0.42%| 18.4Deg 0.0608A| 97.1% X
rent waveshape and Fig. 4 38 0.00A| 0.01%| -77.1 Deg 0.0484A| -93.9% | X
39 0.23A| 0.80%| -72.9 Deg 0.0577 A| 295.1 % X
e TIrequency spectrum O
. . 40 0.00A| 0.02%| 125.6 Deg 0.0460A| -89.2% | X
the EUT during this test
Gepriift mit EMC test software V2.31/ + bH & Co. KG, >-34, D-94234 Viechlach, 11.10.2004

measurement.
Fig. 2: Harmonic analysis of the EUT current
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CURRENT WAVESHAPE AND FREQUENCY SPECTRUM OF THE EUT

Klasse D Uberprifung - Zeitfenster 1 von 1

>

M iipk

100.0% inside positive envelope
100.0% inside negative envelope
Power: 6414.9 W

No Class D specimen

K, Setmioss 5231, 102000

Fig. 4: Input current (41A,¢/106A,) of the EUT

Spektrum Zeitfenster 1 von 1 - EN61000-3-2 Class A

VA HARMONIC ANALYSIS: Test FAIL in Timewindow 1 of 1
3.5

2.5

0.5

DC 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
Harmonic n
Gopet il MG tost software V2.3 / PASSO0D von Splorbargar + Spios GmbH . Co. KG, St 2.34, 004234 Viechiach, 11.10.2000

Fig. 5: Frequency spectrum of the EUT
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VOLTAGE WAVESHAPE AND FREQUENCY SPECTRUM OF THE PAS 5000

Klasse D Uberprifung - Zeitfenster 1 von 1

K, Setmioss 5231, 102000

Fig. 6: Output voltage of the voltage source (PAS 5000)

Spektrum Zeitfenster 1 von 1 - EN61000-3-2 Voltages

unv HARMONIC ANALYSIS: Test PASS in Timewindow 1 of 1

2.5

0.5}

DC 22 24 26 28 30 32 34 36 38 40

Harmonic n

Fig. 7: Frequency spectrum of the voltage source (PAS 5000)
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HARMONIC ANALYSIS OF THE PAS 5000

H H Voltage: 230.18 Vrms  325.49 Vpk THD=0.14 % THV=0.328V POHV=0.062V PWHD=0.17 %
AS deflned n the Standard Current: 41528 Arms  -106.093 Apk  THD=107.03 % THC=30.342 A POHC=1.405 A PWHD=37.57 %
-3- Power: 64149 W P1=6422.1 W 9559.1 VA
IEC/EN 61 000 3 2 A2 the Powerfactor:  0.671 CosPhi1: 0.984
VOItage source Sha” meet Testconditions: EN 61000-3-2 / A14, =50 Hz, Phase=L1, Range=64.00 A
the deﬁned requirements i Time window cycles=16, Grouping of harmonics=off
The test setup measurement HARMONIG ANALYSIS: Test PASS in Timewindow 1 of 1

shows the first class perfor- [Ha| vaiue | Percent [ Angle [ EN61000-3-2 [ Margin |PASS [ FAIL
Volt
mance of the PAS 5000 i

DC| 0.006V| 0.00%]---.-Deg X

voltage source. 1| 230.182V|100.00% | 0.0 Deg | -] X
. . 2| 0.005V| 0.00%|-167.1 Deg 04604V | 989%| X
Fig. 6 displays the voltage 3| 0220V| 010%| 625Deg 20716V | -89.4%| X
. 4|  0006V| 000%| 0.4Deg 04604V | -986%| X

waveform during the test 5/ 0.483V| 008%| -82.0Deg 09207V | -80.1%| X
iti 6| 0.007V| 0.00%|-124.2 Deg 04604V | 985%| X

cycle, under load condition 7| 0407V| 0.05%)| 134.8 Deg 06905V | -84.4%| X
with a current of > 41.5A s 8 0.004V| 000%| 858Deg 04604V | -99.1% | X
9| 0037V| 002%| 26.4Deg 04604V | -920%| X

and a peak current of > 10 0.003V| 0.00%| 50.9 Deg 0.4604 V| -99.3%| X
11 0.050V| 0.02%| -43.9 Deg 02302V | 782%| X

106A,. 12| 0.003V| 0.00%-104.4 Deg 02302V | -986%| X
; 13|  0.060V| 0.03%)| 176.9 Deg 02302V | -741%| X

The voltage harmonic spec- | 4| qozv| ooo%| 1333 Deg 02302V | -99.1%| X
15|  0.032V| 001%| 426 Deg 02302V | -86.1%| X

trum of the P_AS 5000 under 16| 0.001V| 000%| 358Deg 02302V | -995%| X
load shows F|g_ 7. 17 0.020V| 0.01%)| -19.9 Deg 0.2302V| -91.3%| X
. . 18| 0.002V| 000%| -68.3Deg 02302V| -99.3%| X

The tabular analysis in Fig.8 | 19| o0037v| 0.02%]-140.9Deg 02302V | -838%| X
. 20|  0.002V| 0.00%| 1526 Deg 02302V 99.1%| X

as well as the graphical |21 oos0v| oote%| 749Deg 02302V | 87.1%| X
inn i ; 22| 0.001V| 000%| 186 Deg 02302V | -995%| X
evaluation in Fig.7 attest the 23| 0.011V| 000%| -16.1 Deg 02302V | -95.4%| X
PAS 5000 full Comp"ance to 24 0.001V| 0.00%| -33.8Deg 02302V | -995%| X
. 25 0.025V| 0.01%| -98.3Deg 02302V | -89.3%| X

the requirements of the stan- | 26| 0.002v| 0.00%|-178.9 Deg 02302V | -992%| X
27| 0.027V| 001%| 115.7 Deg 02302V | -883%| X

dard. The gap between the |a2s| o001v| 000%| 41.60eg 02302V | -997%| X
: i 29 0012V| 001%| -12.5Deg 02302V | -949%| X
harmonic  limit and the || qoov| ooo%| 424 Deg 02302V | -99.8%| X
i ; 31 0.014V| 001%| -66.7 Deg 02302V | -938%| X

measured harmonic value is 32| 0.001V| 0.00%|-138.5 Deg 02302V | -99.4%| X
very comfortable. 33|  0.022V| 0.01%)| 157.6 Deg 02302V | -90.4%| X
34| 0.001V| 000%| 77.9Deg 02302V | -995%| X

35| 0.015V| 001%| 127 Deg 02302V | -933%| X

36| 0.000V| 0.00%| -26.8Deg 02302V -99.9%| X

37| 0.008V| 0.00%| -47.6 Deg 02302V | -967%| X

38| 0.001V| 000%| -85.1Deg 02302V | -996%| X

39|  0.019V| 0.01%|-166.4 Deg 02302V 91.9%| X

40| 0.001V| 000%| 97.8Deg 02302V -99.4%| X

Geprlft mit EMC test software V2.3 / PAS5000 von Spitzeiberger + Spies GirbH & Go. KG, Schmidstr 32-34, D-94234 Viechtach, 11.10.2004

Fig. 8: Tabular harmonic overview of the voltage source (PAS 5000)

For all 40 harmonics the measured value is below 25% of the maximum limit value of the
IEC/EN 61000-3-2. An ongoing program of continuous product development is continuing to
yield even higher levels of performance from the PAS series amplifiers.

PAS SERIES AMPLIFIERS:
THE REFERENCE SOURCE FOR ALL APPLICATIONS

5/5
© Spitzenberger & Spies 2013
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|EC/EN 61 000—4—1 1 MQni’[oring The relating standards:

. IEC/EN 61000-4-11
measurements (options 06/07) and G
“Inrush current source” (option 19-5)

MONITORING MEASUREMENTS (OPTIONS 06 AND 07)

The IEC/EN 61000-4-11 voltage dips, short ' 146t conditions:
interruptions and variations test can be car- | voltage / Frequency:  230.0 V/ 50Hz

ried out using an oscilloscope together with = Testphase: 1
the Spit b & Spi Soft K Executed test: Dip example 1: Total drop

€ opiizenberger pies soitware pac gge Test description: Total drop out, time increasing from
“SPS EMC?” for the best test documentation 1period up to 100 periods
and test reports. Disturbances per step: 3 (per phase angle) / with 10.5 sec delay
Step 1 0 Zid 0 S ]
Voltage dip / short interruption ; T G T

-5A/DV5. 0ms/Div

It

i EW]

-5A/Div|I25ms/Div -5A/Divi26ms/Div

Dip1: U-100V/Divfl

Dip: U-100V/Divll-5A/Div|0.25s/Div

Dip3: U-100V/Div|l-5A/Div|0.28s/Div

Test level: 0 %
Duration: 1 period Dol
Phase angle (Ref Phase 1) 0° D.pl1_-UI.1uuv_r;].vu.aa_::[)ms_ums_fl[]w
Step 2 R R o
Voltage dip / short interruption ; i MMHI
Testlevel: 0 % kﬂmﬂm
Duration: 5 periods 3 BUNYED
Phase angle (Ref. Phase 1): 0°  sorosamwion
Step 3 et
Voltage dip / short interruption ;
Testlevel: 0 % ;
Duration: 10 periods ﬂ
Phase angle (Ref. Phase 1): 0°
Step 4
Voltage dip / short interruption
Test level: 0 %
Duration: 25 periods
Phase angle (Ref. Phase 1): 0°
Step 5
Voltage dip / short interruption
Test level: 0 %
Duration: 50 periods
Phase angle (Ref. Phase 1): 0°
Step 6
Voltage dip / short interruption
Test level: 0 %
Duration: 100 periods - s :
Phase angle (Ref. Phase 1): 0° Dipl1:Lj—1UIUWIIZJi\fI\—S.A:'Di‘,'iﬂ.Elisfﬁliv Dipl2: U A0V SADR0 2550w
IEC/EN 61000-4-11 Test evaluation results:
Normal performance within the specification limits
Temporary degradation or loss of function or performance which is self-recoverable
Temporary degradation or loss of function or performance which requires operator intervention or system reset
Degradation or loss of function which is not recoverable due to damage of equipment or software or data loss

12
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“Inrush current source” - Option 19-5

“INRUSH CURRENT SOURCE” - OPTION 19-5
By using the option 19-5 “Inrush current source”, it is not necessary to measure the EUT peak
inrush current requirement during the test. Without the option “Inrush current source”, tests
according to IEC/EN 61000-4-11 can be performed, if the inrush requirement of the EUT is less
than the inrush drive capability of the generator.

The relating standards:

IEC/EN 61000-4-11
Annex A clause A.3 ,EUT peak
inrush current requirement”

“In order to be able to use a low-inrush drive current capability generator to test a particular EUT,
that EUT s measured inrush current shall be less than 70% of the measured inrush current drive
capability of the generator.” (EN 61000-4-11:2004-03 / Annex A (normative) A.3)

PAS inrush current drive capability without option 19-5 “Inrush current source”:

4-Quadrant Amplifier

Peak current at 90° / 270 °

EUT Inrush current

PAS 1000 17A, 12A,
PAS 2500 55A, 38A,
PAS 5000 110A, 77A,
PAS 7500 165A, 115A,
PAS 10000 260A, 182A,
PAS 15000 370A, 259A,

4-Quadrant Amplifier

Peak current at 90° / 270 °

PAS 20000 520A,
PAS 25000 630A,
PAS 30000 740A,
PAS 40000 1040A,

»The 4-Quadrant Amplifiers type PAS 20000, PAS 25000,
PAS 30000 and PAS 40000 have an inrush current drive
capability of more than 500A, — therefore no additional
“Inrush current source” is required.

%
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B aSi C EMC SyS’[em® The relating standards:
: : emission:

for measurements accordlng. to the basic \EC/EN 61000.3.2

standards of the EMC directive IEC/EN 61000-3-3

IEC/EN 61000-3-11

""i// IEC/EN 61000-3-12
‘ immunity:
IEC/EN 61000-4-4
' IEC/EN 61000-4-5
i IEC/EN 61000-4-7
- IEC/EN 61000-4-8

IEC/EN 61000-4-11
IEC/EN 61000-4-13
IEC/EN 61000-4-14
IEC/EN 61000-4-17
IEC/EN 61000-4-27
IEC/EN 61000-4-28
IEC/EN 61000-4-29
IEC/EN 61000-4-34

IEC/EN 60146-1-1
IEC/EN 61000-2-2
IEC/EN 61131-2
IEC/EN 61496-1

L% IEC/EN 61800-3
‘ .L \ N IEC/EN 62040-2
L MR N SEMI F47-0706

The “Basic EMC System™® is the fully compliant turnkey system for all line conducted
Emission and Immunity tests according to the EMC directive.

Above and beyond the standards the “Basic EMC System”® is a universal grid simulation
and measurement system for voltage, frequency and phase symmetry simulation.

On the other hand, the sources of the “Basic EMC System”®, the PAS amplifiers are the
reference sources for many applications. Their technical performance and advantages
like low THD, very fast rise and fall time, stability and power capability are unique on the
market.

SPS-PB-Basic-EMC-System-e-0001.docx
1/4
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THE PRINCIPLE DIAGRAM:

Signal
Generator
SyCore
Single/Multi-Phase

Power Amplifier
PAS
Single/Multi-Phase

Analyser Reference
System
ARS
Single/Multi-Phase

PC based
Automated test
with
Software
Package
SPS_EMC

Additional Impedance
Network
AlP
Single/Multi-Phase

Equipment
Under
Test

OPTIONS AND ADD-ONS:

The main components of the
“Basic EMC System’®:

signal generator unit
SyCore

PAS power amplifier

analyser reference
system ARS including
reference impedance
harmonic analyser
flickermeter

Additional impedance
network AIP

Software package
SPS_EMC

All components are
available for single
phase and multi-phase
testing.

s Pulse generator CE-tester for testing burst and surge pulses according to IEC/EN
61000-4-4 and IEC/EN 61000-4-5
s Magnetic field coils for testing the immunity against radiated magnetic fields with

power line frequencies

%
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THE “BASIC EMC SYSTEM"®

SPS-PB-Basic-EMC-System-e-0001.docx
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MAGNETIC FIELD COILS TYPE | AND TYPE Il

E—Spr—ITZENBERGER

riEs

EVALUATION WITH
SPS_EMC

Measured harmonic currents in
relation to the maximum limits
according to the IEC/EN
61000-3-2

o

SPS-PB-Basic-EMC-System-e-0001.docx
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The Relating Standards:

Analyser Reference
IEC 61000-3-2-am 1 (2001-08) Ed. 2.0
System IEC 61000-3-2-am 2 (2004-10) Ed. 2.0

IEC 61000-3-2 (2004-11) Ed. 2.2
IEC 61000-3-2 (2009-04) Ed. 3.2
Type ARS 16 IEC 61000-3-3-am 1 (2001-01) Ed. 1.0

IEC 61000-3-3 (2002-03) Ed. 1.1

: - - ie  IEC 61000-3-3 (2008-06) Ed. 2.0
Harmonic Analysis / Flicker Analysis IEC 61000-3-11 (2000-08) £4, 1.0
IEC 61000-3-12 (2004-11) Ed. 1.0
IEC 61000-3-12 (2011-05) Ed. 2.0

Front view ARS 16/1

Special features:

v "Double FFT for simultaneous check of the source during the EUT measurement”
in harmonic analysis

v Simultaneous two-channel measurement for source check (flicker measurement)
v’ Calibratable Line Impedance Simulating Network meets IEC 60725 (2012-06)

v Digital flickermeter meets IEC 61000-4-15 (2010-08) Ed. 2.0

v Real-time Harmonic Analyser meets IEC 61000-4-7 (2009-10) Ed. 2.1

/n\
-1- TD-ARS-12092012
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The Analyser Reference System type ARS contains the core of the well known and reliable analyser
(Ducati/Boconsult B10) for the measurement part, the standard impedance according to IEC 60725 as
well as a phase- and current range switching. It allows harmonics measurements according to
IEC 61000-3-2 and flicker measurement according to IEC 61000-3-3. All the required diagram
connections for the two types of measurement are performed automatically by ARS without any
manual operation: this increases the reliability of the measurement avoiding any possible wiring error
of the operator and ensures fast and reasonable operation with the test system. In fact, flicker and
harmonics measurement can be performed automatically in succession with the EMC test software.
Thereby, the standard impedance switches uninterrupted between both measurement modes. In
addition, the current ranges of the harmonics measurement are switched overlapping.

ARS is a highly integrated component, including the 3 above mentioned functions in 1 box, thus
providing a compact and reasonable solution, without any loss of our high measurement quality in the
low-frequency EMC field.

The inside measuring module is compliant to the latest IEC standard amendments, including the
harmonics measuring technique prescribed by IEC 61000-4-7 Ed. 2.1, with 200ms time windows and
grouping inter-harmonics function, as well as the IEC 61000-4-15 Ed. 2.0 d-values calculation.

Digital Flickermeter

Reference standards IEC 61000-4-15-am1 (2003-01) Ed. 1.0/

IEC 61000-4-15 (2003-02) Ed. 1.1/ IEC 61000-4-15 (2010-08) Ed. 2.0 /
IEC 61000-3-3-am1 (2001-01) Ed. 1.0/ IEC 61000-3-3 (2002-03) Ed. 1.1/
IEC 61000-3-3 (2008-06) Ed. 2.0/ IEC 61000-3-11 (2000-08) Ed. 1.0

Input channels 2

Input channel voltage range | 40V s ... 504V s (independent auto ranging on each channel)
Input channel frequency 50Hz or 60Hz +5%

Flicker produced by Measurement up to the 50" harmonic or 40" for 200ms TW

fluctuating harmonics

Input channels impedance Higher than 1.5MQ

Input channels insulation 3kV (transformer coupled)
Missing-input-signal Automatic recognition and handling
conditions

Analogue outputs (W) Weighted voltage fluctuation

(user selectable) (L) Linear flicker indication

(R) Instantaneous flicker sensation

(D) Relative voltage change characteristic d(t)

Flicker related measurements | CPF, Psgos, P1oes, P1ous, Po1%, Pmaxs Psts Put

Accuracy Higher than specified by IEC 61000-4-15

Flicker classifier scales Logarithmic

Flicker scales 2 (user selectable): 10% (1600PU) and 40% (25600PU)

Voltage fluctuation dc, dmax, time with d(t) exceeding a programmable threshold
measurement

d. and dpax maximum error 0.2%

d(t) evaluation RMS every half-cycle

Observation period User selectable (1/5/10/ 15 min; fast mode for dnax evaluation)

2,
V -2- TD-ARS-12092012
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Real-time Harmonic Analyser

Reference standards

IEC 61000-4-7 (2002-08) Ed. 2.0 / IEC 61000-4-7 (2009-10) Ed. 2.1/

IEC 61000-3-2-am1 (2001-08) Ed. 2.0 / IEC 61000-3-2-am2 (2004-10) Ed. 2.0/
IEC 61000-3-2 (2004-11) Ed. 2.2/ IEC 61000-3-2 (2009-04) Ed. 3.2/

IEC 61000-3-12 (2004-11) Ed. 1.0 / IEC 61000-3-12 (2011-05) Ed. 2.0

Frequency

45Hz ... 65Hz (PLL locked)

Voltage range

90V s ... 300Vims

Current range

5mA/ms ... 16Ams With crest factor =3

Shunt ranges

4 user selectable: 0.16A/ns / 0.8Ams / 4Aims / 20Aims

Accuracy

Better than 0.2% of the rated current of the EUT
(selecting appropriate shunt range)

Voltage channel input

Higher than 0.8MQ

impedance
Current channel input Depends on the shunt range selected.
impedance Impedance <3mQ within the highest range

Max. drop on current channel

150mV, (any selected range)

Measured values

Magnitude and phase of fundamental up to 40" (TW=200ms) or
50" (TW=320ms), for both U,|

dc component (U,l); voltage Unys; current s

active power (W); apparent power (VA); circuit power factor (A)
harmonic distortion for voltage and current (Thdy%, Thd %)

Measuring techniques

16 periods rectangular windows (320ms @50Hz; 266.7ms @60Hz)
10 periods rectangular windows (200ms @50Hz)

12 periods rectangular windows (200ms @60Hz)

windows period user selectable

sampling rate synchronised to the fundamental

Anti aliasing filter

70dB

Smoothing filter
for transitory harmonics

Digital 1% order low-pass filter (t =1.5s); software selectable on Harmonics and/or
on active Power

Grouping function

Harmonics and adjacent inter-harmonics - as per IEC 61000-4-7 Ed. 2.1
(current grouping and voltage harmonics subgroups)

Operating modes

Steady-state harmonics / single-shot (1 time window);
transitory harmonics / 2.5 minutes (469 time window @50Hz or

563 @60Hz; 750 time windows in 200ms mode);

continuous monitoring;

continuous mode with automatic stop if limits are exceeded

(only in 16-cycle mode)

continuous mode with real-time data transmission allowing the complete

EUT cycle period measurement (Quasi-stationary, Short cyclic, Random and
Long cyclic)

Stop trigger condition
(user selectable)

Class C and D limits are dynamically computed each time window
(only in 16-cycle mode)

Automatic management of 1.5 times overriding for 10% of periods
for 2" ... 10™ and 3" ... 19" transitory harmonics

%
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Storage

Last 2.5 minutes in continuous mode (embedded mode)
No time-limited period in continuous mode (with PC connection)

Analogue outputs
(user programmable)

Real-time spectrum or shape for voltage and current or dynamic monitoring of
any harmonic versus time

Self calibration

Automatically at power-up

Miscellaneous

Processors

Motorola DSP56002, Intel 80C186

Input channel resolution

18 bit X/A A/D converter on each channel

Analogue output resolution

12 bit

Interface

IEEE 488 galvanically isolated

Digital outputs

8 (TTL levels) to control external range selection and reference impedance

Self test Automatically at power-up — operator-driven (extended)

Calibration Traceable to the national measurement standard published by the PTB (Federal
Institute of Physics and Technology)

Uinput Harmonic: AC: 80V ... 300Vys / DC: OV — 48V (4,
Flicker: AC: 40V s ... 504V s (auto ranging) / DC: OV — 48V (4

Icont. 1 6Arms

Ishon-time 32Arms

Internal resistance

Phase conductor R + jX = (0.24Q+j0.15Q) @50Hz
Neutral conductor R + jX = (0.16Q+j0.10Q) @50Hz
Phase conductor to neutral conductor R + jX = (0.40Q+j0.25Q) @50Hz

Measuring inputs

CH1  OVims ... 300V,
CH2 OVrmS 300Vrms
HAR OV, ... 10V, ¢

Mains supply 230Vms (+6% / -10%) 50Hz ... 60Hz
Ambient temperature 0°C up to +40°C
Housing ARS 16/1 and ARS 16/3:
19“-plug-in unit (4U) approx. H=178mm; W=483mm; D=450mm
ARS 16/3/TPM:
19“-plug-in unit (8U) approx. H=355mm; W=483mm; D=450mm
Weight ARS 16/1 ARS 16/3 ARS 16/3/TPM
approx. 21kg approx. 25kg approx. 40kg

)" At DC-voltages >48V it is absolutely necessary to make sure that switching on and off as well as changing
the operation mode is to do off load and/or off power.

@ 3V, correspond the end value of current range.

Front View ARS 16/3 Rear View ARS 16/3

%
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Line |mpedance Simu|ation Network The relating standards:

type AIP IEC/EN 61000-3-2

. . IEC/EN 61000-3-3
AIP xxx/3 - fixed impedance IEC/EN 61000-3-11
AIP xxx/3/P - programmable impedance IEC/EN 61000-3-12
AIP xxx/3/P/JK - programmable impedance including

Japanese/Korean standard

AIP xxx/3/P/TPM - programmable impedance including
three phase measurement unit

AIP xxx/3/P/JK/TPM
three phase measurement unit

“Harmonics and
Flicker emission
measurements”

P, §e { 1o

j " 1l ' " u . // b
oS’

b

I
o

il

X

Fig. 1: AIP 75/3/P/TPM

The line impedance simulation network AIP is designed for
testing according to the IEC/EN 61000-3-11 and IEC/EN
61000-3-12. Available current ranges for the AIP are:

32A
75A
125 A © seess
250 A e pbEey -
375 A -
[ aedee
500 A .
When using the AIP types with 32A or 75A the required impe- |
dance is set in the software. When starting the test the user is i
informed which resistors have to be by-passed by means of the e e
low-ohm plug connectors (Reontact <= 60uQ). The AIP types with —

125A, 250A, 375A and 500A have an automated pneumatic
switch system and are fully computer controlled. A m__’,‘_'f'_'/f
The adjusted impedance values are displayed in plaintext at the
front-panel display. The voltage drop (3% ... 5%) according to
IEC/EN 61000-3-11 (section 6.1.1) is intended to be displayed
also at the AIP front-panel. Fig. 2: AIP 125/3/P

1710
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TECHNICAL DATA GENERAL®:

Type

Input:

Input voltage (Harmonic):
Input voltage (Flicker):
Input frequency:

Power dissipation:

Protection circuits:
Impedance accuracy:

Measuring outputs:

Measuring connectors:

Interfaces:

Power supply:

Protection:
Connector:

Ambient temperature:

All AIP types

AC: 90V, s ... 300V,ps,DC: OV ... 48V )
AC: 40V s ... 504V s (auto ranging) / DC: 0V ... 48V "
45Hz ... 65Hz
max. total voltage drop at impedance: Uz > 5% of Uy
(depending on adjusted impedance; according to IEC/EN 61000-3-11)
Japanese/Korean type: Uz > 7% of Uy
- Overcurrent (circuit breaker) / - Overtemperature (electronically)
Z: 4% (R + jX)
(at X/R relation 0.5 ... 0.75 according to IEC/EN 61000-3-11)
(calibration cycle: 2 years)
FLI CH1 OVims --- 300V, ms
FLI CH2 OVims .- 300V s
HAR 0V, ... 10V, @
4mm laboratory sockets

IEEE488
230V (+10%) 50Hz ... 60Hz
2A
Safety Plug 16A

0°C upto +40°C

Housing: 19”-plug-in unit, colour light grey (RAL 7035)
Remarks:
1) At DC-voltages >48V switching on/off and changing the operation mode must be conducted off load!
2)  3Vims correspond to the upper range value of the current range.
3)  Fixed impedance value for AIP 250/3/P/xxx, AIP 375/3/P/xxx and AIP 500/3/P/xxx
4)  Fixed impedance value for AIP 125/3/P/xxx
5) Fixed impedance value for AIP 32/3/P/xxx and AIP 75/3/P/xxx
6)  All subjects are due to change
7)  Impedance values for JK type AIP must be added to the IEC impedance values

because of the serial connection of the two impedances

The AIP type glossary:
AIP XXX /3 /P NK /TPM
Ad(ditional impedance
Nominal current (A)
32/75/125/250/375/500
Number of phases
/1 = single phase
/3 = three phase
Impedance values are programmable
/P = yes
left out = no
Additional Japanese/Korean reference impedance
/K = built-in
left out = not built-in
Measurement option
/TPM = simultaneous three phase measurement
Left out = single phase measurement switchable to all phases
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TECHNICAL DATA TYPES AIP 32/3 and AIP 75/3°:

Type AIP 32/3 AIP 75/3
Performance:
Continuous current: 32A s 75Ams
Short time current: 64A s 126Ams
Internal impedance:
Phase conductor: R: 150mQ
X: 150mQ at 50Hz
X:  180mQ at 60Hz
Neutral conductor: R: 100mQ
X:  100mQ at 50Hz
X: 120mQ at 60Hz
Max. phase-neutral R: 250mQ
impedance: X: 250mQ at 50Hz
X:  300mQ at 60Hz

Resistor bridging: No bridging
Cooling type: Air cooling

Size:
Dimensions: 5U 10U
222x490x500 445x490x600
Weight: approx. 40kg approx. 110kg

WIRING DIAGRAM:

Values are shown for 5S0Hz (60Hz)>

.
RATSIMO  Xp150mQ
(X 180m Q)

Le.O—1 1 . O
Ra150mQ XA 150m Q

(XA 180m Q)

L3

Rp150mQ XA 150m Q
(XA180m Q)

EUT | |EUT [ EUT

LT

NO—L 1 I O—= *
RNIOONQ Xy 100m ©

(XN 120m Q)
382-5E1

Fig. 3: IEC/EN standard reference impedance 50Hz/(60Hz) values for AIP 32/3 and AIP 75/3
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TECHNICAL DATA TYPES AIP 32/3/P and AIP 75/3/P°:

Type

Performance:®

Continuous current:
Short time current:
Internal impedance:

Phase conductor:

Neutral conductor:

Max. phase-neutral
impedance:

Resistor bridging:
Cooling type:

Size:

Dimensions (mm):

Weight:

WIRING DIAGRAM:

AIP 32/3/P AIP 75/3/P
32Amms 75Ams
64Ams 126A1ms

IEC
R:  15mQ ... 240mQ in 15mQ - steps
X: 9.38mQ ... 150mQ in 9.38mQ - steps at 50Hz
X: 11.26mQ .. 180mQ in 11.26mQ - steps at 60Hz
R:  10mQ ... 160mQ in 10mQ - steps
X:  6.25mQ ... 100mQ in 6.25mQ - steps at 50Hz
X: 7.5mQ ... 120mQ in 7.5mQ - steps at 60Hz
R:  400mQ
X: 250mQ at 50Hz
X: 300mQ at 60Hz
Software assisted manual bridging
Air cooling
15U 15U
667x490x600 667x490x600

approx. 130kg

Values are shown for S0Hz (60HZ>

approx. 155kg

P M M

(Xpll26mQ)  (Xpll26mO) (Xp2250mQ) (Xp45.00mQ) (X4 9000m Q)

Xp938MQ  XAI875M)  XA37.50mQ X /500mQ

N M M

(XpLL26mO)  (Xpl126m0) (Xp2250m0) (Xa45.00m0) (Xa9000m ()

.
Xp938mQ  XpI875r)  Xp3750nQ  Xa /500mQ

(Xpll26mQ)  (Xpll26nO) (Xp22.50mQ) (Xp45.00mQ) (Xa9000nQ)

LED LED" LED LED
D SR ST
Ly
RATOMO RATSMQ R430MQ RA60MQ RATZIMQ XA 9.38MQ
LED® LED® LED- LED
Y Y Y
La
RATSMD RATSMQ Rp30mO RA60MQ RATZING X7 9.38mQ
LED® LED" LED LED
K LK J/K /LK
RATSMO Rp15MQ R4 30MQ RA60mQ RAIZIMQ X 9.38mQ
LED- LED> LED LED"
T e Y
N
RNTOM O RNIOmQ Ry20mQ RN40mQ RNBINQ XN 6.25mQ
(XN750mQ)
00382-5E

LED LED LED-
riﬁ_,LKT,L
L] L

Xp938MQ  Xp18.75mQ  Xp37.50mQ

Xp 75.00nQ

EUT DEUT D EUT

iiik LED LK LED’/T/K LED LK
S W W —

IEC standard

XN625MO  XN1250mQ XN 25.00mQ Xy 5000mQ
(XN750mQ)  (XNIS00m@) (X 3000m3) (XN 6000mQ)

reference impedance

Fig. 4: IEC/EN standard reference impedance 50Hz/(60Hz) values for AIP 32/3/P and AIP 75/3/P
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TECHNICAL DATA TYPE AIP 125/3/P°):

Type AIP 125/3/P
Performance:®
Continuous current: 125Ams
Short time current: 250A;ms
Internal impedance: IEC

Phase conductor: 7.5mQ ... 240mQ in 7.5mQ - steps

4.69mQ ... 150mQ in 4.69mQ - steps at 50Hz

5.63mQ ... 180mQ in 5.63mQ - steps at 60Hz

5mQ ... 160mQ in 5mQ - steps

3.13mQ ... 100mQ in 3.13mQ - steps at 50Hz

3.75mQ ... 120mQ in 3.75mQ - steps at 60Hz

400mQ

250mQ at 50Hz

300mQ at 60Hz

Resistor bridging: Automated pneumatic bridging (pressure: 5-10bar, connector V2" NW 7.2)
Cooling type: Air cooling

Neutral conductor:

Max. phase-neutral
impedance:

XXIRXIDXXD

Size:
Dimensions (mm): 37U
1645x600x600
Weight: approx. 650kg

WIRING DIAGRAM:

Values are shown for 30Hz (60Hz> ‘
LED: LED LED LED LED LED
PR S O e Lo e Tl T

RATSnQ  Rp75m0 RaTSRQ RASIMQ  RAGOMD  RATEIMQ  Xp469nQ  Xpd Xp % XAIBISM  XpJ790nQ  XA7200m0 |
(XAS63n Q) (XaS563m0) (Xpll26nQ) (Xp2250mQ) (XA4500MQ) (XA9000m O

LED > LED LED > LED LEDOS LED ‘
T e o Yo e e T

Rp12INQ

LEDO

L1

La

RATEMQ  Rp75MQ  Rp1GMQ Xa469mQ  Xp469mQ  Xp038MQ  XpIB75Q  XA375IMQ  Xp7500mQ

(Xa563n0)  (X4563n0) (XpLl26nO) (Xa2250mQ) (XA4500mQ) (XA9000m () ‘

LED® LED LED > LED? LEDO LED
B ot e Tt

RATEIMO  Xp469n0  XA469mQ  Xp938m0  Xa18.75M0  XA3/50nQ  XA7500m0
(XAS63m0)  (XAS63m0) (XpLl26nO) (X42250m0) (XA4500mO) (XA9000m0)

LEDO LED: LED LED LED LED LED LED LED LED
Lo e Tt Tl e o Yo e e T
! |

RN O RNGM O RNIOMQ e RN 40MQ e XNSIIMQ  XN3ISmQ  XN625MQ  XNI230mD  XN2500mQ  XNS0.00MQ ‘
(XN3TSMD)  (XN3T7Sn)  (XN7.50m0)  (XNISOONR) (XN3000mQ) (XN6000MQ)

LEDO
« Y

L3

eu [ Jeur [ﬁ[ur

00382-7E

IEC standard ‘
reference impedance

Fig. 5: IEC/EN standard reference impedance 50Hz/(60Hz) values for AIP 125/3/P
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TECHNICAL DATA TYPES AIP 250/3/P, AIP 375/3/P, AIP 500/3/P®):

Type AIP 250/3/P AIP 375/3/P AIP 500/3/P
Performance:®
Continuous current: 250A,ms 375Ams 500A s
Short time current: 500Ams 500Ams 750Ams
Internal impedance: IEC
Phase conductor: R: 3.75mQ ... 240mQ in 3.75mQ - steps
X: 2.34mQ ... 150mQ in 2.34mQ - steps at 50Hz
X:  2.81mQ ... 180mQ in 2.81mQ - steps at 60Hz
Neutral conductor: R: 2.5mQ ... 160mQ in 2.5mQ - steps
X: 1.56mQ ... 100mQ in 1.56mQ - steps at 50Hz
X: 1.88mQ ... 120mQ in 1.88mQ - steps at 60Hz
Max. phase-neutral R:  400mQ
impedance: X: 250mQ at 50Hz
X: 300mQ at 60Hz
Resistor bridging: Automated pneumatic bridging (pressure: 5-10bar, connector V2" NW 7.2)
Cooling type: Water cooling (connector: 1,5”)
Size:
Dimensions (mm): 2x37U 3x37U 3x46U
1920x1200x1050 1920x1800x1050 2320x1800x1050

Weight: approx. 1000kg approx. 2000kg approx. 3000kg

WIRING DIAGRAM:

Vealues are shown for S50Hz (60Hz)

LEDC LEDC LED¢ LEDC LEDC LED LED¢ LED« LED¢ LED>
e e e e T e T Y PR S PR s SR O

RA3TNQ  RAGTOMQ

RATSNQ  RADNQ  RAG0MO  RAGING  RATAOMQ  Xa234nQ  Xp234n0  Xp469m0  X4938mQ  XAl873n0 Xp3/50mQ  X47500nQ

(Xa28In@) (Xp28InQ) (X4563mQ) (XALL26nQ) (X422.50nQ) (X44500n0) (X49000m O)

LED: LED« LED LED LED: LED¢ LED« LED LED LED« LED: LED
P PR WP S SV O PR PR P S SR B

LoO—1_1 [ _1 {1 1 1 [ 1 {1 O
RA3TNQ  RAGTOMO RATONO  RADRQ  RA3IMO  RAGINQ  RATEONQ  Xa234nQ  Xp2dAnQ X690 Xo938mQ  XAI873nQ  X43/.90nQ  X47500mQ

(Xp28INT) (XA28InDQ) (XAS63n Q) (XALL26MQ) (Xp22.50mO) (Xp4500m) (X49000n Q)

LEDC ) LEIMLK LED /T,K LED LK LED /T,K LEDL’LK LED¢ ‘ LED LK L[D&:LK LED\LK LED:LK LED J,K

L30— 1 ] ] . . . L] O
RA3TND  RA3ToMQ  RATOND  RaBnR  Ra3nD  RAGIQ  ReMOnQ  Xp23n0  XpR3n0  Xp469n0  Xg938mQ  XpIB/3n0  X43/50n0  Xa/500m0

(Xp28INQ) (Xp28InQ) (XpSE3n Q) (XALL26nQ) (Xp2250NT) (XA4500m0) (X49000n Q)

LED® LEDc LED~ LED~ LED» LEDe LEDe LED~ LED? LEDe LED® LED»
P P WP S SV O PR S WPl i W o

XNLSGRD  XNLO6NQ  XN3I3nD  XN6ESm@  XNI23mO  Xy2500mQ  Xy5000mQ
(XNLBBR@) (Xy188nQ) (XN37SmO) (XN7.50n @) (XyISO0m @) (Xy3000m Q) (Xy6000m O

EUT EUT EUT

L1 L1 [} 1 1 1 1
RNZSn0  Ry2on@  Ryam@  Ryln0  Ry@n0  Ry4nQ  RyBInQ

382-1IE

IEC standard
reference impedonce

Fig. 5: IEC/EN standard reference impedance 50Hz/(60Hz) values for AIP 250/3/P, AIP 375/3/P, AIP 500/3/P
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TECHNICAL DATA TYPE JK (JAPANESE/KOREAN STANDARDS) © 7:

Type AIP 32/3/P/JK AIP 75/3/P/JK AIP 125/3/P/JK
Performance:®
Continuous current: 32Ams 75Ams 125As
Short time current: 64A s 126Ams 250A1ms

Internal impedance:

Japanese/Korean standard

Phase conductor: R:  0mQ/15mQ /50mQ / 55mQ / 90mQ
X: 0mQ/34.37mQ /66.67mQ / 101.04mQ at 50Hz
X: 0mQ/41.25mQ /80mQ /121.25mQ at 60Hz

Neutral conductor:  R:  0mQ/10mQ / 190mQ
X: 0mQ/8.33mQ /33.33mQ / 41.67mQ at 50Hz
X: 0mQ/10mQ /40mQ / 50mQ at 60Hz

Max. phase-neutral R: 680mQ
impedance: X: 393mQ at 50Hz
X:  471mQ at 60Hz
Resistor bridging: Automated pneumatic bridging (pressure: 5-10bar, connector V2" NW 7.2)
Cooling type: Air cooling
Size:
Dimensions (mm): 23U 23U 37U
1022x490x600 1022x490x600 1645x1200x600

Weight:

WIRING DIAGRAM:

approx. 210kg approx. 250kg approx. 1100kg

LED=
T

LED LED LED LED
K LK /T/K J/ K

— O———
RpI1SmQ Rp 35m0 Rp 40mQ Xp34.37m0  Xp6667mQ0
(Xp4125m Q) (Xp 80.00mQ)
LED
K
LED" LED~ LED" LED >
T Yo Tt
—(O)——

RAISMQ Rp35m0

Rp 40nQ Xp3437m0  Xp6667m0

(Xp4125n Q) (Xp 80.00n0)
LED-

K
LED~ LED~ LED~ LED~
R TS TR
RATGNQ Rp 35m0 Rp 40mQ Xp3437m0  Xp6667m0)
(Xp4125mR) (Xp 80.00n0)
LED~
K
0o . e EUT | |EuT DEUT
K K K
RNIOmQ Ry 180m 0 XN833mD Xy 3333m0

(XN10.00m ) (X 40.00mE)
382-8E1

Fig. 6: Japanese/Korean standard reference impedance 50Hz/(60Hz) values for all AIP xxx/3/P/JK
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POSSIBLE IMPEDANCE COMBINATIONS AIP AT 50Hz:

(Without additional Japanese/Korean standard values):

Fixed values displayed in red colour

No. Ra[mQ] Ry[MQ] Riota [MQ]

1%
2%
3

4%

5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

3.75
7.5
11.25
15
18.75
225
26.25
30
33.75
37.5
41.25
45
48.75
52.5
56.25
60
63.75
67.5
71.25
75
78.75
82.5
86.25
90
93.75
97.5
101.25
105
108.75
112.5
116.25

2.5
5
7.5
10
12.5
15
17.5
20
22.5
25
27.5
30
32.5
35
37.5
40
425
45
47.5
50
52.5
55
57.5
60
62.5
65
67.5
70
72.5
75
77.5

%

6.25
12.5
18.75
25
31.25
375
43.75
50
56.25
62.5
68.75
75
81.25
87.5
93.75
100
106.25
1125
118.75
125
131.25
1375
143.75
150
156.25
162.5
168.75
175
181.25
187.5
193.75

ratio

Xtotal / Rtotal

0.625
0.625
0.625
0.625
0.625
0.625
0.625
0.625
0.625
0.625
0.625
0.625
0.625
0.625
0.625
0.625
0.625
0.625
0.625
0.625
0.625
0.625
0.625
0.625
0.625
0.625
0.625
0.625
0.625
0.625
0.625

2.34

4.69

7.03

9.38
11.72
14.07
16.41
18.75
21.09
23.44
25.78
28.13
30.47
32.82
35.16

37.5
39.84
4219
44.53
46.88
49.22
51.57
53.91
56.25
58.59
60.94
63.28
65.63
67.97
70.32
72.66

1.56
3.13
4.69
6.25
7.81
9.38
10.94
12.5
14.06
15.63
17.19
18.75
20.31
21.88
23.44
25
26.56
28.13
29.69
31.25
32.81
34.38
35.94
37.5
39.06
40.63
42.19
43.75
45.31
46.88
48.44

Xa [mQ] Xy [MQ] Xiota [MQ]

3.9
7.82
15.63
15.63
19.53
23.45
27.35
31.25
35.15
39.07
42.97
46.88
50.78
54.7
58.6
62.5
66.4
70.32
74.22
78.13
82.03
85.95
89.85
93.75
97.65
101.57
105.47
109.38
113.28
117.2
1211

AIP with  AIP with  AIP with

32A
75A

125A 250A

375A

500A
x v
v v
v v
v v
" v
v v
M v
v v
M v
v v
M v
v v
" v
v v
x v
v v
x v
v v
x v
v v
x v
v v
x v
v v
M v
v v
" v
v v
" v
v v
M v

8/10

© Spitzenberger & Spies 2013

Distributed by: Reliant EMC LLC, +408-320-9644/+408-916-5750, www.reliantemc.com



32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64

120
123.75
127.5
131.25
135
138.75
142.5
146.25
150
153.75
157.5
161.25
165
168.75
172.5
176.25
180
183.75
187.5
191.25
195
198.75
202.5
206.25
210
213.75
217.5
221.25
225
228.75
232.5
236.25
240

80
82.5
85
87.5
90
92.5
95
97.5
100
102.5
105
107.5
110
112.5
115
117.5
120
122.5
125
127.5
130
132.5
135
137.5
140
142.5
145
147.5
150
152.5
155
157.5
160

%

200
206.25
2125
218.75
225
231.25
237.5
243.75
250
256.25
262.5
268.75
275
281.25
287.5
293.75
300
306.25
3125
318.75
325
331.25
337.5
343.75
350
356.25
362.5
368.75
375
381.25
387.5
393.75
400

0.625
0.625
0.625
0.625
0.625
0.625
0.625
0.625
0.625
0.625
0.625
0.625
0.625
0.625
0.625
0.625
0.625
0.625
0.625
0.625
0.625
0.625
0.625
0.625
0.625
0.625
0.625
0.625
0.625
0.625
0.625
0.625
0.625

75
77.34
79.69
82.03
84.38
86.72
89.07
91.41
93.75
96.09
98.44

100.78
103.13
105.47
107.82
110.16
112.5
114.84
117.19
119.53
121.88
124.22
126.57
128.91
131.25
133.59
135.94
138.28
140.63
142.97
145.32
147.66
150

50
51.56
53.13
54.69
56.25
57.81
59.38
60.94

62.5
64.06
65.63
67.19
68.75
70.31
71.88
73.44

75
76.56
78.13
79.69
81.25
82.81
84.38
85.94

87.5
89.06
90.63
92.19
93.75
95.31
96.88
98.44

100

125
128.9
132.82
136.72
140.63
144.53
148.45
152.35
156.25
160.15
164.07
167.97
171.88
175.78
179.7
183.6
187.5
191.4
195.32
199.22
203.13
207.03
210.95
214.85
218.75
222.65
226.57
230.47
234.38
238.28
242.2
246.1
250

v v
M v
v v
" v
v v
" v
v v
x v
v v
M v
v v
M v
v v
" v
v v
x v
v v
" v
v v
x v
v v
M v
v v
M v
v v
M v
v v
" v
v v
" v
v v
x v
v v
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ADDITIONAL IMPEDANCE COMBINATIONS JAPANESE/KOREAN STANDARD:

ratio
No. Ra[mQ] Rn[mMQ] Riga [MQ] Xeotat ! Reota Xa [mQ] Xy [MQ] Xiotal [MQ]

1 15 10 25 0.625 9.38 6.25 15.63 = Fixed value

2 35 180 215 0.625 34.37 8.33 42.70

3 40 40 0.625 66.67 33.33 100.00

4 330 350 680 0.625 251 142 393 =Japanese/Korean
standard values

Note: When using the AIP xxx/P/JK version the additional JK impedance can be disabled. The remaining AlIP
impedance is then the adjusted IEC impedance value. The minimum impedance value is the fixed
impedance value of the according AIP version.

TECHNICAL INFORMATION TYPES AIP xxx/3/P/TPM®:

The AIP unit with Three Phase Measurement capability (TPM) reduces the total testing time for three-phase
EUTs. Whilst the non TPM versions of AIP require a sequential phase by phase test, the TPM version
enables the system to measure the EUTs phase lines simultaneously.

To perform an automated test it is strongly recommended to use also an ARS TPM version.
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Pulse Generator
type CE — TESTER

3rd generation

EMC-Test Equipment for
testing the immunity against :

BURST:
IEC/EN 61000-4-4

and

SURGE:
IEC/EN 61000-4-5

The CE-TESTER and its sub-
units are available in different
configurations:

CE-TESTER 1

including SURGE and BURST

CE-TESTER 2
including SURGE, BURST and
POWER FAIL SWITCH

EFTG 4510 Standalone BURST
generator

CE-SURGE Standalone SURGE
generator

Typical configurations:
CE-TESTER 1 +CDN 4416 for 3-
phase testing

CE-TESTER 2 +VPS 250-16 for
testing surge, burst, power fail,
voltage dips and variation

It is possible to build all devices in
a 19” rack cabinet.

%

The relating standards:
IEC/EN 61000-4-4
IEC/EN 61000-4-4

The CE-TESTER is a compact EMC test unit designed for tes-
ting electromagnetic immunity against pulsed and conducted
interference. Demonstrating such immunity is generally a re-
quirement for compliance with the European EMC directive, a
necessary step leading to the CE mark.

In its basic configuration, the CE-TESTER includes an Electrical
Fast Transient Generator (EFTG), a Combination Wave Gene-
rator (CWG) and a Coupling-/Decoupling Network (CDN) for
single-phase power supply lines.

The Electrical Fast Transient Generator fully compliant to the
IEC/EN 61000-4-4, delivers fast transient pulses with waveform
5/50 ns and a maximum burst frequency of 1MHz. It is used for
immunity testing of electronic systems and devices. The four
standard IEC/EN 61000-4-4 test levels may be easily selected
by push button or all parameters may be adjusted individually.

The Combination Wave Generator fully compliant to IEC 61000-
4-5 and IEEE 587 delivers a standard impulse voltage with
waveform 1.2/50 @s and a standard impulse current with
waveform 8/20 @s. It is a combined impulse-current-/impulse-
voltage generator for high impedance loads RL > 100 and may
be used for surge testing of components and devices, as well as
for galvanic coupling of surges to cable shields, shielded
enclosures and cabinets.

173
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The built-in capacitive Coupling-/Decoupling Network allows superimposition of the combination
wave generator output to the mains voltage of the device under test.

The simulation of voltage dips and voltage variations acc. to IEC/EN 61000-4-11 can be included
as an option. Additional accessories allow the testing of immunity against both pulsed and power
frequency magnetic fields according to IEC/EN 61000-4-8 and IEC/EN 61000-4-9.

Optionally the CE-TESTER can include a triggerable power supply switch which allows the
simulation of the voltage dips as specified in the standard IEC/EN 61000-4-11. The variation of
power supply voltage is controlled by use of an external motor driven variac. The control of the
external power source is included in the mainframe.

An Induction Coil in conjunction with the Combination Wave Generator output, is used to simulate
pulsed magnetic fields according to IEC/EN 61000-4-9. Combined with the external power source,
the Induction Coil can be used to simulate power frequency magnetic fields according to IEC/EN
61000-4-8.

Additional Coupling-/Decoupling Networks covering three-phase power supply lines, DC supply
lines and signal lines are also available, as well as a Capacitive Coupling Clamp for coupling to
shielded interconnection lines.

The CE-TESTER excels by its compact design, simple handling and precise reproducibility of test
impulses. It features a microprocessor controlled user interface and a 5” touch screen unit for ease
of use. The microprocessor allows the user to execute either standard test routines or a “user
defined” test sequence. A standard USB port provides the ability to print a summary of the test
parameters to a USB stick.

The software program CE-REMOTE allows full remote control of the test generator via Ethernet
light guide as well as documentation and evaluation of test results, accordingly to the IEC 17025.
To record definite impulses, it is equipped with an Impulse Recording Function (IRF)

Moreover all generator functions including the built-in Coupling-/Decoupling Network, may be
computer controlled via the isolated optical interface.
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TECHNICAL DATA CE-TESTER

Control:

Housing:

Burst:

Surge:

Microprocessor control, touch panel 57,

Optical Ethernet interface for generator remote control
Interface for saving reports

External trigger input / output

Connector for external safety interlock loop

Connector for external red and green warning lamps
according to VDE 0104

Coupling-/decoupling network for power supply lines
Nominal voltage, nominal current

Coupling impedance (depending on the generator)
Mains power

Plug in unit, 7U

Dimensions (mm): W * H * D

Weight

acc. to IEC/EN 61000-4-4: 2011

Pulse output voltage, adjustable

Waveform

Source impedance

Polarity, selectable

Burst frequency, adjustable

Burst duration, adjustable

Burst repetition rate, adjustable

HV output for external coupling devices coaxial
Monitor output for pulse output voltage ratio

acc. to IEC/EN 61000-4-5: 2007

Test voltage (open circuit condition)

Waveform acc. to IEC 60060 1.2 /50 @s * 20 %
Test current (short circuit condition)

Waveform acc. to IEC 60060 8 / 20 @s + 20%
Polarity of output voltage/current, selectable
Maximum stored energy

Charging time for max. charging voltage

HV output isolated from ground HV-OUT

Mains synchronous triggering, phase shifting, digitally
selectable

Monitor output for pulse output voltage ratio

Monitor output for pulse output current 10 V

Option: Software CE-REMOTE Test, for remote control
With Impulse Recording Function (IRF)

( XP, WIN7 ) incl. 5 m fibre optic cable and PC Ethernet
interface
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800X480, 24 bit
optional
uSB
10V at 1kQ
24Vp¢
230V, 60W

L1, N, PE
250V, 16 A~/10A =
33nF/18 @F / 9@F+10
230V, 50Hz/60Hz

450*185*500
25kg

02-50KV10%
5/50 ns
50Q
pos/neg/alt
1.0 kHz - 1.0 MHz
0,01 ms - 25 ms
10 ms - 1000 ms

100:1 £ 5%, 50Q
02-50kV+10%
0.1-225kA£10 %

pos/neg/alt
120 J
<10s
4mm
0-359°,step1°

1000 : 1 5%
5kA £ 5%
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The relating standards:
IEC/EN 61000-4-11
IEC/EN 61000-2-8

Practical measurements and
IEC/EN 61000-4-11

- rise and fall time during short-circuits at different
places of a supply installation

The part IEC/EN 61000-4-11 of the international IEC/EN 61000 series standards defines test
methods for immunity testing and test levels for voltage drops, short interruptions and voltage
variations. The standard is applicable for devices intended to be connected to the public low
power distribution network. The generation of voltage drops the IEC/EN 61000-4-11 specifies and

requires a voltage source with a rise- and fall-time of 1-5us at 100Q load.
At a nominal voltage of 230V this means: 230Veﬁ/ps up to 46Vei/us (=325V/us up to 65V/ps).

The basics about the arising,
the effects, remedial actions
measuring methods and mea-
surement results of devices to
be tested according to IEC/EN
61000-4-11 are defined in the
IEC/TR 61000-2-8 Ed. 1.0.
The disturbances are descri-
bed as phenomena appearing
on public low voltage supply
networks and having influence
on devices connected to this
public grid. This document
shall demonstrate, that practi-
cally the rise- and fall-times of
the supply voltage are in the
range of 1-5us (as described in
the IEC/EN 61000-4-11 in the
chapter A2: requirements of
the voltage source).

One of the main reasons for
voltage dips and short inter-
ruptions on the public supply
network are electric short-
circuits occurring on any point
of the supplying grid.
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Fig. 1: Equivalent circuit for voltage drops acc. to IEC/EN 61000-2-8

Output voltage at no load: + 5% of the residual voltage value
Voltage change with load at the output of the generator:

100% output, 0A to 16A

80% output, 0A to 20A

70% output, 0A to 23A

40% output, 0A to 40A

Output current capability:

16A:ms per phase at Ujateq.

The generator must be able to deliver:
Peak inrush current capability:

Not to be limited by the generator

Instantaneous peak overshoot/
undershoot of the actual voltage
Voltage rise (and fall) time t, (and t)
during abrupt change

Phase shifting:

Phase relationship of voltage dips and
interruptions with the power frequency
Zero crossing control of the generator:
Output impedance

<5% Ur

<5% Ur

<5% Ur

<5% Ur

20A at 80% Upaeq.for 5s

23A at 70% Usateq. for 3s

40A at 40% Urateq. for 3s

Max. 1000A for 250-600V mains

Max. 500A for 200-240V mains

Max. 250A for 100-120V mains

< 5% UT

Generator loaded with 100Q resistive load
Between 1us and 5us

Generator loaded with 100Q resistive load
0°-360°

<+ 10°

+10°
Predominatly resistive < (0,4+j0,25)Q
Even during transitions

Table 1: Requirements of the testing voltage source acc. to IEC/EN 61000-4-11
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In electrical systems short circuits cannot be avoided at all. The amplitude of a voltage drop de-
pends on the distance between monitoring point, short-circuit point and supplying source. This re-
lation is shown in Fig. 2. To meet the practical values described in the technical report IEC/TR the
requirements of the testing voltage source of the IEC/EN 61000-4-11 are well defined in table 1.
The theoretical values for rise- ;

and fall-time can be calculated
by simulation software. For this
simulation the parameters for
the cable length must be cal-
culated. The definition of the
equivalent circuit was given as
a short circuit at the load, at

the local grid entry point and
within the local grid. Fig. 2: Equivalent circuit diagram for short circuit in the supply line

The base impedance for the si-
mulation is the mains refe- i
rence impedance defined in ,

the IEC/EN 61000-3-3 with _
0,4+j0,25 Ohm. The simulation ' X

performed the characteristic of / T
a resistive load with 16A nomi- | / f.-/ iy
nal current at a nearby (20m) i y
occurring short circuit (with a
cable diameter 1,5mm?3). /
The rise- and fall-times of the &S

supplying voltage at short sl \ /
circuit are shown in Fig. 3. And s

F|g 4 e e e T R e e

Fig. 3: Voltage characteristic during simulation (1ms/DIV)

In Fig. 4 (higher resolution in
the time base) the fall-time of
the supplying voltage can be
seen in a range of 5yus.

To verify the simulated values
with the rise- and fall-time of
the reality several practical
measurements have been i

performed. oT
The measurement results were
then compared with the simu-
lation results. i

0,008 000499 aces aokoos 0050 ks 000 [r="1 cusn: [T [
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PRACTICAL SHORT CIRCUIT MEASUREMENTS

To investigate the real occurring rise- and fall-times several practical measurements have been
performed. The electrical installation of an existing building was provided. At two points of the
installation a laboratory bench was set up. The installation of the building can be described with
the following equivalent circuit diagram which was verified through a practical measurement of the
installation of the building:

Real vermessenes Netz:

Teilstiick 0
Teilstiick 1
Teilstlick 2

1 1 2
V
22.491uH 80m 5.375uH 18m 17.737uH 59m 37.625uH

= cis = c17

VOFF =0 zé“
VAMPL = 3: - ci2
FREQ = 50 3.3u

0.5n

7

Li9 R27
2

19.434uH 69m

Cia Ci5
m n

L22 L23
5.375uH 5.375uH|

R30 R31
46m > 243m
R32 R33

1.531k 1.312

e

TCLOSE - 15m
TTRAN= 1n

Abzweig 2 (Labortischgruppe2)
Abzweig 1 (Labortischgruppel)

Fig. 5: Equivalent circuit of the building installation

The equivalent circuit shows three parts of the installation (“Teilstlick 0-2”) and the two workbench
connections (“Abzweig 1/2"). The input voltage source is an ideal source with 230V nominal
voltage at 50Hz. The parts “Teilstlick 17, “Teilstlick 2” and “Teilstiick 3” are representing three
parts of the current bar. The workbenches are connected with a supply cable with a length of 5m.
Different EUT’s were connected to the end of “Teilstlick 2” with a supply cable of 35m length.

The inductive and capacitive parameters of the cabling system L =1 075E
were determined using the technical report ,Simulation of short line T m
circuit on different places and influences on rise time* of Mr.Lutz, uH
Fa. EMC Partner AG as follows: Ciine = 0.75 —

The serial impedances of the single cable parts were calculated through loading and measuring
the voltage drop over the cable length.
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Practical measurement 1:
Short circuit between L2 and N
without load

Measurement between

L2 and N

Voltage curve at point 1
fall-time approx. 200V/us

Voltage curve at point 2

fall-time approx. 300V/us - 50
Voltage curve at the end of the line W 02w 024 0241 0242 0243 0244 0285 0246 0247 0248
fall-time approx. 300V/us t1a1-10%, 2,0 10%,65,45-10°
Fig. 6: Voltage curve at short circuit measurement 1 (5ms/DIV)
1
i
\ il
[T T8
| 1
1A
I
I
]
Detailed view: I il
Resolution 1us/DIV \ T ‘
s i 1 . i ]
. I i " N
Voltage curve at point 2 ‘\ j 1 ,
- ! !
Voltage curve at the end of the line ‘ i
“,‘ ]
1
Fig. 7: Voltage curve at short circuit measurement 1 (1us/DIV)
f.
Detailed view: i = —
Resolution 500us/DIV : IR
Voltage curve at point 2 u ;‘;,‘" v
! 1
Voltage curve at the end of the line 1
i
Fig. 8: Voltage curve at short circuit measurement 1 (500us/DIV)
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Practical measurement 2: 30
Short circuit between L2 and N = ety I
with 600W rectifier load 20 \
Measurement between 15
L2 and N i 10 \ -/ AN
u2, 5 \_/\_N /N\Lk//d\ / \w
Voltage curve at point 1 ) Eaad ha— \K\M'/\Af
fall-time approx. 300V/us -5 \ /
— 10
Voltage curve at point 2 s \ /
fall-time approx. 600V/us

-2
(()),499 0.5 0.501 0.502 0.503 0.504 0.505 0.506 0.507 0.508 0.509

Voltage curve at the end of the line ) ‘1"1'103',‘2"2'1,03"3"3'“’3
fall-time approx. 350V/us Fig. 9: Voltage curve at short circuit measurement 2 (5ms/DIV)
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Practical measurement 3:
Short circuit between L2 and N
with 0,1uF//268Q load
Measurement between

L2 and N

Voltage curve at point 1
fall-time approx. 300V/us

Voltage curve at point 2
fall-time approx. 800V/us

Voltage curve at the end of the line
fall-time approx. 65V/us

Detailed view:
Resolution 0,5us/DIV

Voltage curve at point 2

Voltage curve at the end of the line

Detailed view:
Resolution 500us/DIV

Voltage curve at point 2

Voltage curve at the end of the line

%

e —

ITZENBERGER

=T

ES

35
T
200 \ \
IEAY T
IR\ A N A A e s
o TN
" N N v
ndBERAA| W VVISAN, Val N\
By N
- ]%4495 0.497 0.499 0.501 0.503 0.505 0.507 0.509 0.511 0.513 0.515

ty10°,2,5-10%, 13,510
Fig. 10: Voltage curve at short circuit measurement 3 (5ms/DIV)

3

S6ms. 3.798ns 3.800ms
3 V(R37:2,R32:1) V V(R33:2,R33:1)

Fig. 11: Voltage

3.802ns 3.804ms

3.806ms
Time

curve at short circuit me

3.808ms 3.810ms 3.812m5 3.9l4ms  3.8l6ms

asurement 3 (0,5us/DIV)

3.78ms 3.80ms 3.80ms
B V(R3T:2,R32:1) ¥ V(R3Z:Z,R33:1)

3.84ms

3.86ms 3.88ms 3.90ms

3.92ms 3.94ms 3.96ms 3.98ms  4.00ms

Fig. 12: Voltage curve at short cicmJM;t measurement 3 (600us/DIV)
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Practical measurement 4: 35

Short circuit between L2 and N I SO e ST,

with 1uF in series 16,52 load \

Measurement between = \

L2 and N 2

u2n W

Voltage curve at point 2 i s

fall-time approx. 2000V/us 1 V\/WW
M

Voltage curve at the end of the line 3 R\NMNVMNWMMMW’\N\—MM

fall-time approx. 40V/us

185 187 189 191 193 195 197 199 201 203 205
2,-10%,13,3-10°
Fig. 13: Voltage curve at short circuit measurement 4 (5ms/DIV)

Detailed view:
Resolution 0,5us/DIV

Voltage curve at point 2

Voltage curve at the end of the line

It

3.800ms 3.802ms 3.804ms 3.806ms 3.808ms 3.810ms 3.912ms  3.814ms

ans 3.796ms 3.798ms
0V(C17:2,R36:1) V V(R33:2,R33:1)
Time

Fig. 14: Voltage curve at short circuit measurement 4 (0,5us/DIV)

Detailed view:
Resolution 500us/DIV

Voltage curve at point 2 i

Voltage curve at the end of the line ‘ | o

T

2.78ms 3.80ms 3.82ms 3.84ms 3.86ms 2.88ms 3.90ms 3.92ms 3.94ms 3.96ms 3.98ms  4.00ms
B V(C17:2,R36:1) ¥ V(R332 R33:1)

Fig. 15: Voltage curve at short cirf,:uit measurement 4 (500us/DIV)
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Practical measurement 5: 35
Short circuit between L2 and N 20
with 0,1uF in series 16,50 load l
Measurement between > l
L2 and N 20
u2yp
Voltage curve at point 2 W
fall-time approx. 2000V/us 10
Voltage curve at the end of the line 5 AW
fall-time approx. 40V/us 0 han's [~ =<
- 5250 251 252 253 254 255 256 257 258 259 260
2,2-10°, B3p3-10°
Fig. 16: Voltage curve at short circuit measurement 5 (5ms/DIV)
\
Detailed view:
Resolution 0,2us/DIV
Voltage curve at point 2
Voltage curve at the end of the line '
Fig. 17: Voltage curve at short circuit measurement 5 (0,2us/DIV)
Detailed view:
Resolution 500us/DIV ‘
Voltage curve at point 2 : [
Voltage curve at the end of the line ooy “ =T :
L}‘ "gl F.
t I
|
Fig. 18: Voltage curve at short cir(;t);t measurement 5 (500us/DIV)
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Practical measurement 6: 40 — —
Short circuit between L2 and N 35 —

Measurement between zz
L1and N 20
uln 50
Voltage curve at point 1 w2, 100
fall-time approx. 10V/us v
!
Voltage curve at point 2 -5
fall-time approx. 180V/us - 10
— 15
Voltage curve at the end of the line -2

-25
4.999 5 5.001 5.002 5.003 5.004 5.005 5.006 5.007 5.008 5.009

fall-time approx. 15V/us
ty10°,2,510°, 13,5+ 10°
Fig. 19: Voltage curve at short circuit measurement 6 (5ms/DIV)

Practical measurement 7: 350
Short circuit between L1 and L2 30 ~
win A
th 0,1uF//268Q load - v
Measurement between \
L2 and N ulyy 20
u2py 15( \A / /\ Do,
Voltage curve at point 1 . W ./ N
fall-time approx. 200V/us ™ 1o
Voltage curve at point 2 X
fall-time approx. 300V/us
Voltage curve at the end of the line “Waos 0499 05 0501 0502 0503 0504 0505 0506 0507  0.508
fall-time approx. 30V/us 0 10°,2,-10%.3,5-10°

Fig. 20: Voltage curve at short circuit measurement 7 (5ms/DIV)

CONCLUSION:

These practical measurements are showing clearly:
1. The nearer the short-circuit appears, so much faster are rise- and fall-times.
2. Directly at the short circuit rise- and fall-times are faster than 1us.
3. Depending on the load and the distance to the short-circuit different rise- and fall-times can
be measured, but all of them are between 1-5us.

In comparison between simulation and measurement data we can see, that simulation and reality
are very close together.

»The definitions given in the IEC/EN 61000-4-11 of the
preferred voltage source are eminent important to perform
realistic test cycles.”
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The standards
IEC/EN 61000-3-2
IEC/EN 61000-4-7

Comparison measurement of various
measurement systems - Round Robin test
~-Measurement uncertainty” of the DKE

Some years ago, it was found that there was a great variation in the measurement results
obtained from various test systems when performing tests in accordance with the standard
IEC/EN 61000-3-2. Deviations of up to 100% were apparent, although the standard defines a
measurement accuracy of 5%. As a direct result, the German national (DKE) founded the
“measurement uncertainty” working group to investigate this problem.

The members of the working group agreed to commence an inter-laboratory test, with the aim of
establishing the reason for the variation in the measurement results. Several measurement
laboratories, and companies, participated in the inter-laboratory test. The participants received
two different rectifier circuits, each of which was assembled from very precise and accurately
measured components. Each participant then carried out a series of measurements in accordance
with the standard IEC/EN 61000-3-2.

The results of Round Robin test 1:

The results confirmed that the measuring devices (harmonic analyser) produced more or less
acceptable measurement results. Comparison showed that the various sources (amplifiers)
caused the greatest deviations. Now, the behaviour of these precisely constructed and measured
test specimens could also be characterised by various simulation methods. Therefore an exact
FFT analysis was conducted, by way of calculation, utilising PSpice. As a result, the precise
behaviour of these test specimen candidates was thus defined.

Pic 1 compares the measured Pic 1 Deviation of the theoretical data (theory= 100% - deviation of 50%=150%)

data with the theoretical data

. 175 /
(100%). The higher the har- =1, 1o Z/z,* 1
monic order, the bigger is the = ' e
deviation of several measure- & 15 ‘? N L)
ment systems and therefore .
the measurement uncertainty. 2 w0
Deviations of more than 80% 2 '
are clearly shown in Pic 1. A &b us
ri8
source from another manu- "' PN
L o, 115 7B 'Y /‘\\5
facturer even had a deviation  =s= 1, P 5% SNV
of up to 90% sag 103 I S ok RGP
p ©- 100 %44—P3;=R>?§¥’k\<;r*j
95 4

%

180

180

1

3 5 7 9 11 1315 17 19 21 23 25 27 29 31 33 35 37 39
39

h
ri1-ri10 = measurement of the laboratories / h = harmonic number
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The results of the second Round Robin test:

A second inter-laboratory test was started. The harmonics of the supplied test specimen were
adjusted to the result of class A in the range of approx. 13" up to the 39" harmonic. Furthermore,
various real-life test specimens (e.g. a TV-set, various lamps etc.) were also measured in the
second test for comparison purposes. Again, the measurements were performed according to the
standard IEC/EN 61000-3-2.

During both the first and second Pic 2 voltage source harmonics caused by the 600W test specimen

inter-laboratory tests, most of
the laboratories also measured
the harmonics of the voltage

— -

(see pictures 2 and 3). Ana- = °F

880

lyzing the voltage harmonic
data, it was noticeable that the

measurement data of the test

uby

equipment with the closest — <
correlation to the simulation sso o,léi -

100, 'O

us, ?’ = = A —
analysis also produced the -:;h j?‘\ > NS o A X
smallest voltage harmonics. S < Y Xﬁ/i» \
Comparing the simulation data T, *" =
with the actual measurement == —0— P = s =

data of those test equipment i
units showed that the mea- ! \
surement results of these devi- n7 and n3 (VDE and SPS) always had the lowest harmonic voltage distortion.
ces were within the 5% limit

(actual was within approx. 4%).

3 5 7 9 1m 13 15 17 19 21 23 25 27 29 31 33 35 37 39
39.0

These devices were a test Pic 3 voltage source harmonics caused by the 44W test specimen
system owned by VDE, which

had been completely designed 09 ! \

and manufactured by Spitzen- ., A

berger & Spies, and a test ;Zha \‘\

system used at the production = ’W% AN |

plant of Spitzenberger & Spies.  *n °! S —he —= — ==
Some other test systems inclu- 2% i g —E
ding those with a source made ‘o — \ &”f’/ T

by Spitzenberger + Spies (but =so
with measurement devices from -+ 00
other manufacturers), turned 5%

out to have slight deviations but T, o e A -
to be acceptable compared to =T 4 N
other sources. LRTR

3 5 7 9 m 13 15 17 19 21 23 25 27 29 31 33 35 37 39
1 h 39.0

In spite of the little load of 44W some of the sources are at the harmonic limits.

The PAS-power source reaches only 3,5% of the maximum limit.
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The voltage harmonic currents oo, 10
of the Spitzenberger & Spies
PAS sources were more than -
30-100 times better than spe- ==°
cified in the relevant standards. 5 |
A similar result was measured s,

nn
zlz
5¢ %2
DA
-
%’-"
=
T

when testing other EUT’s like &6 e
TV-Set's (see Pic 4). Also here ; s : e L
the PAS sources had a voltage = % T~k T iR e
harmonic distortion much less 3 == =
than requested according to ;gghm.} _ r A
IEC/EN 61000-3-2. il s —=a—h B
1074 074

110 3 5 7 9 m 13 15 17 19 21 23 25 27 29 31 33 35 37 39
Taking the source with the lo- I Pic 4: voltage harmonics, Pic 5: cu:rent harmonics of the TV Set >
west harmonic voltage content 180 :jg [T 7 :
(ru7 = VDE-PAS)as a refe- w, o | \1 ;/
rence, a comparison of mea- @, % " //\\\ H
surement uncertainty can be . o ,'/73\%\ \ i
shown in Pic 5. The VDE-PAS . 1 AN i
System  (ri7) measurement _ L~ NS =N a1
uncertainty defines the refe- "» - S AN 1\§ 4
rence line (100%). All other am \ A S SR N
measurement systems have a -? 0 N v A \%ﬁ
more or less extremely high a?ga » SR 1] ll
deviation from the 100% refe- oo 0 : e
rence value. . .

0 (b=====- B ELLL i

Round Robin test Result: 13 5-_ 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39

I h 39.0

The comparison measurement with various measurement sys-
tems and three verifiable reference test specimen showed that
there are very high deviations when using various sources. Only
the test systems with PAS-series sources from Spitzenberger &
Spies are able to keep within the defined 5% limits. In most of
the other cases, the use of unsuitable sources is generating
additional harmonics. However, the opposite result is possible.

(] This causes incorrect measurement results. Specific sources
Spitzenberger & Spies (e.g. switching amplifiers) cause extremely large errors; compa-

Basic EMC Syst . . -
asie B =ystem rison measurements conducted directly from the utility AC sup-
Fully compliant as a standard ply hardly resulted in worse values.

The aim of conducting tests in accordance to a published stan-
dard is to obtain accurate and repeatable measurement results.
Inaccurate measurements may cause very high costs - once as a
result of over-engineering and again by the loss of the CE-mark.
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