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Repetitive damped oscillatory waves are phenomena associated with the opening and 
closing of high voltage (HV) busbars in high voltage (HV) and medium voltage (MV) 
power transmission stations. The physical environment in! uences the fundamental oscil-
lation frequency and repetition of the impulses. The most common type of switch used 
in power distribution is an air insulated type which has been measured as generating 
damped oscillatory impulses up to 1MHz with a repetition rate up to 400Hz. Damped 
oscillatory impulses up to 1MHz are termed “Slow Waves”.

The modern trend to replace air with SF6 gas insulated switches (GIS) means that 
the switches are housed in metallic enclosures which resonate at higher frequencies 
than air insulated switches. These can generate damped oscillatory impulses up to 
30MHz with a repetition rate of up to 5kHz. Damped oscillatory impulses up to 30MHz 
are termed “Fast Waves”.

High voltage substations are remotely supervised and controlled from a central facility. 
Information about power quality and switch conditions is transmitted using protection 
relay devices. These are mounted in the three phase supply and transmit information 
through a separate interface.

In addition to switching effects in power substations, damped oscillatory impulses are 
also initiated in electrical and electronic equipment by high altitude electromagnetic 
pulses (HEMP).

EMC PARTNER’s Oscillatory Wave Test System simulates effects in power supply 
communication networks.

Brief Overview of Phenomena

Damped oscillatory impulse testing is performed on monitoring and communication 
equipment mounted in power substations. Tests are performed on the three phase power equipment mounted in power substations. Tests are performed on the three phase power 
and communication ports. Because of the fast rise times and high oscillation frequen-
cies, a special coupling and decoupling network (CDN) is required to superimpose the 
impulses and provide protection for auxiliary equipment that is not part of the test setup. 
Synchronization of the impulse with power frequencies is also required.

- Damped Oscillatory  „Fast Waves“ (3MHz, 10MHz and 30MHz)
 “Fast” repetitive damped oscillatory waves occur mainly in power, control and signal 

cables installed in gas insulated (GIS) high voltage and medium voltage (HV/MV) 
substations The event has a relatively high transfer impedance resulting in a volt-
age impulse. A normalised voltage impulse of a damped sinewave as de" ned in 
the standard IEC 61000-4-18 has become an industry standard. Typical impulse 
amplitudes are up to 4000 volts. 

- Damped Oscillatory Slow Waves (100kHz and 1MHz)
 Slow repetitive damped oscillatory waves occur mainly in power, control and signal 

cables installed in air insulated (AIS) high voltage and medium voltage (HV/MV) 
substations.

 The event has a relatively high transfer impedance resulting in a voltage impulse. A  The event has a relatively high transfer impedance resulting in a voltage impulse. A 
normalised voltage impulse of a damped sinewave as de" ned in the standards IEC 
61000-4-18 and ANSI C37.90 are an industry standard. Typical impulse amplitudes 
are up to 3000 volts. 

- Damped Oscillatory „Magnetic Fields“ (100kHz and 1MHz)
 The damped oscillatory magnetic " elds are generat ed by busbars located in medium 

voltage and high voltage sub-stations.

 IEC61000-4-10 speci" es the test method for electronic equipment. 

 A 1m x 1m antenna is used to generate the magnetic (H) " elds.
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American National Standards Institute (ANSI)

ANSI C37.90.1 (2002 ): IEEE Standard for Surge Withstand Capabilities (SWC) Tests ANSI C37.90.1 (2002 ): IEEE Standard for Surge Withstand Capabilities (SWC) Tests 
for Relays and Relay Systems Associated with Electric Power Apparatus.

Applicable Standards

International Electrotechnical Committee (IEC)

IEC 61000-4-18 Ed2 (2009): Electromagnetic compatibility (EMC) - Testing and meas-
urement techniques - Damped oscillatory wave immunity test.

IEC60255-22-1 Ed3 (2007): Measuring relays and protection equipment - Electrical 
disturbance tests - 1 MHz burst immunity tests.

IEC60947-1 Ed5 (2007): Low-voltage switchgear and control gear - General rules.

IEC 61000-6-6 Ed1 (2003): Electromagnetic compatibility (EMC) - Generic standards 
- HEMP immunity for indoor equipment.

IEC61000-4-10 Ed1.1 (2001): Electromagnetic compatibility (EMC) - Testing and meas-
urement techniques - Damped oscillatory magnetic " eld immunity test.

IEC61000-4-25 Ed1 (2001): Testing and measurement techniques - HEMP immunity 
test methods for equipment and systems.
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Test System Feature

- Slow oscillatory waves 100kHz, 1MHz

- Pulse repetition up to 400Hz for slow waves

- Amplitude up to 3000V

- Output impedance 200 ohm

- Fast oscillatory waves 3MHz, 10MHz, 30MHz

- Pulse repetition 5kHz

- Burst duration 1ms to 50s

- Burst repetition 20ms to 999s

- Amplitude up to 4000V

- Output impedance 50 ohm

- Automatic coupling path selection

- Impulse parameters de" ned at CDN output

- Parameter ramp feature

- Electronic polarity change

- Semiconductor switches

- Compact design 

- High degree of automation without software

- 2 year warranty

User Bene! ts

The technical excellence and many unique features of damped oscillatory generators 
translate directly into bene" ts for the user:

- Do not obsolete existing equipment. EMCP generators already in use can be en-
hanced to cover the new requirements.

- Controlled from MIG-OS-OS1 or MIG0603OSI.

- One coupler for all AC power tests.

- CDN3000-06-25 can be used for all damped oscillatory wave, electric fast transient, 
surge and ringwave testing.

- Generator with balanced outputs. 

- Positive and negative outputs for injection in balanced data lines. 

- CDN2000-06-25 can be used for slow damped oscillatory wave, electric fast transient, 
surge and ringwave testing. In addition, up to 4 data lines can be tested.

- Save operator time with the automated test routines and test report facility.

- Unparalleled reliability and system up-time.

Generators 

One system is available with expansion capabilities to cover all damped oscillatory 
test requirements.

Many of the generators include more than one impulse type, making them ideal for Many of the generators include more than one impulse type, making them ideal for 
laboratory applications.

For all generators, the most signi" cant test parameters can be programmed as " xed 
values on the instrument front panel, or using the ramp function to change parameters 
during a test. Impulse voltage level, synchronisation angle and polarity can all be pro-
grammed using this feature.

Test System Overview
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- MIG-OS-OS1 
 The “classic” damped oscillatory wave generator for IEC, EN and ANSI applica-

tions. The slow waves are available through either balanced differential or grounded 
outputs. The 100kHz and 1MHz waveforms can be programmed up to 3000V. This 
generator is ideal for applications requiring only the slow waves.

- MIG0603OSI 

 A combination of slow wave generator up to 3000V, combination wave generator  A combination of slow wave generator up to 3000V, combination wave generator 
up to 6000V/3000A and 1.2/50µs voltage impulse up to 6000V with 0.5J energy 
content. All impulses can be used for IEC, EN and ANSI applications. 

- MIG-OS-OM 
 A combination of the “classic” damped oscillatory wave generator for IEC, EN and 

ANSI applications. The “slow waves” are available through either balanced differential 
or grounded outputs. The 100kHz and 1MHz waveforms can be programmed up 
to 3000V. Apart from the voltage impulses, this generator has outputs for magnetic 
" eld testing using the 1m x 1m antenna.

- MIG0603OMI 
 A combination of 100kHz & 1MHz voltage slow waves, 1.2/50µs voltage impulse 

up to 6000V with 0.5J energy content and magnetic " eld testing for AC, impulse 
and damped oscillatory waves. All can be performed using the same 1m x 1m an-
tenna.

- MIG-OS-MF

 Can be used to perform magnetic " eld tests for damped oscillatory waves (100kHz 
and 1MHz). Maximum output 150A/m using the 1m x 1m antenna. 

Long duration testing is made easier by use of the EMC PARTNER software packages 
Using either GENECS or TEMA software, the units can be programmed, automatically 
started and test reports generated.

The compact design enables many different test standards to be performed using 
only a single unit. A broad range of accessories enable testing to many additional 
applications.

Special con" gurations are available to meet unique customer requirements.

MIG-OS-OS1

MIG0603OSI

MIG-OS-OM

MIG0603OMI

MIG-OS-MF
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Flowcharts

Slow Damped Oscillatory Waves

MIG-OS-OS1
 MIG0603OSI
 MIG-OS-OM 
 MIG0603OMI
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Fast Damped Oscillatory Waves
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Damped Oscillatory Wave Magnetic Field

MIG-OS-OM
MIG-OS-MF
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Generator Speci! cations

MIG-OS-OS1

Damped Oscillatory Waves
Oscillation frequency 100kHz & 1MHz
Voltage range 0.2 up to 3kV
Source impedance 200 ohms
Voltage increment 1V steps
Damping rate 50% between 3rd and 6th periods
Pulse rise time 75ns
Burst repetition at 100kHz up to 50Hz
Burst repetition at 1MHz up to 500Hz
Polarity Positive, negative, alternating

MIG0603OSI

Damped Oscillatory Waves
Oscillation frequency 100kHz & 1MHz
Voltage range 0.2 up to 3kV
Source impedance 200 ohms
Voltage increment 1V steps
Damping rate 50% between 3rd and 6th periods
Pulse rise time 75ns
Burst repetition at 100kHz up to 50Hz
Burst repetition at 1MHz up to 500Hz
Polarity Positive, negative, alternating

Fast Damped Oscillatory Waves for Signal and Control PortsFast Damped Oscillatory Waves for Signal and Control Ports

MIG-OS-OM-EXT

MIG-OS-OS1 
MIG0603OSI 
MIG-OS-OM  
MIG0603OMI

�.�7���-�A�Y������������������

�%�5�4

Signal Lines

�4�%�-�!���4�%ST���-�! NAGER
customized solution 

CN-EFT1000



9Immunity Tests: Oscillatory Wave Test System

Combination Wave 1.2/50µs (8/20µs)
Voltage range 0.5 up to 6kV
Voltage increment 1V steps
Short circuit current 0.25 up to 3000A
Source impedance 2 ohms
Energy at 6kV 220J
Pulse interval 8 seconds at max. voltage
Polarity Positive, negative, alternating
Programmable parameter ramps Voltage, synchronisation, polarity

Impulse Voltage 1.2/50µs (0.5J)
Voltage range 0.25 up to 6.3kV
Source impedance 500 ohms
Voltage increment 1V steps
Energy 0.5J
Pulse interval 8 seconds at max. voltage
Polarity Positive, negative, alternating
Programmable parameter ramps Voltage, synchronisation, polarity

MIG-OS-OM

Damped Oscillatory Waves
Oscillation frequency 100kHz & 1MHz
Voltage range 0.2 up to 3kV
Source impedance 200 ohms
Voltage increment 1V steps
Damping rate 50% between 3rd and 6th periods
Pulse rise time 75ns
Burst repetition at 100kHz up to 50Hz
Burst repetition at 1MHz up to 500Hz
Polarity Positive, negative, alternating

Damped Oscillatory Waves Magnetic Field 

with MF1000-1

Oscillation frequency 100kHz 
Antenna dimensionAntenna dimension 1m x 1m
Current range 1 up to 150A (100A/m)

with MF1000-2 (100kHz)

Oscillation frequency 100kHz
Antenna dimensionAntenna dimension 1m x 2.6m
Current range 1 up to 130A (120A/m)

with MF1000-2 (1MHz)

Oscillation frequency 1MHz
Antenna dimensionAntenna dimension 1m x 2.6m
Current range 1 up to 92A (60A/m)
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MIG0603OMI

Damped Oscillatory Waves (DOW)
Oscillation frequency 100kHz & 1MHz
Voltage range 0.2 up to 3kV
Source impedance 200 ohms
Voltage increment 1V steps
Damping rate 50% between 3rd and 6th periods
Pulse rise time 75ns
Burst repetition at 100kHz up to 50Hz
Burst repetition at 1MHz up to 500Hz
Polarity Positive, negative, alternating

Damped Oscillatory Waves Magnetic Field

with MF1000-1

Oscillation frequency 100kHz 
Antenna dimensionAntenna dimension 1m x 1m
Current range 1 up to 150A (100A/m)

with MF1000-2 (100kHz)

Oscillation frequency 100kHz
Antenna dimensionAntenna dimension 1m x 2.6m
Current range 1 up to 130A (120A/m)

with MF1000-2 (1MHz)

Oscillation frequency 1MHz
Antenna dimensionAntenna dimension 1m x 2.6m
Current range 1 up to 92A (60A/m)

Impulse Magnetic Field

with MF1000-1

Waveshape 8/20µs
Antenna dimensionAntenna dimension 1m x 1m
Current range 200 up to 2200A (1500A/m)

with MF1000-2

Waveshape 8/20µs
Antenna dimensionAntenna dimension 1m x 2.6m
Current range 100 up to 1500A (1000A/m)

AC Magnetic Field (50 & 60Hz)

with MF1000-1

Antenna DimensionAntenna Dimension 1m x 1m
Current Range 0.8 up to 160A/m

with MF1000-2

Antenna dimensionAntenna dimension 1m x 2.6m
Current range 0.4 up to 80A/m

with MF1000-3

Antenna dimensionAntenna dimension 1m x 1m
Current range 100 up to 1100A/m
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Combination Wave 1.2/50µs (8/20µs)
Voltage range 0.5 up to 6kV
Voltage increment 1V steps
Short circuit current 0.25 up to 3000A
Source impedance 2 ohms
Energy at 6kV 220J
Pulse interval 8 seconds at max. voltage
Polarity Positive, negative, alternating
Programmable parameter ramps Voltage, synchronisation, polarity

Surge IEC 60255-5 0.5J 500 Ohm
Waveform at no load No load = R > 100Ohm 
Rise time 1.2µs
Time to half value 50µs
Adjustable voltage range Adjustable voltage range 500V - 6000V 
Polarity pos. / neg. / alternate

voltage
Energy Generator 

Impedance
Impulse 
capacitor

Voltage 
Waveform 
OC

Current 
Waveform 
SC

0.5kV 0.5J 500Ohm 4.0µF 0.5kV 1.2/50µs 1A 1.2/50µs
1kV 0.5J 500Ohm 1.0µF 1kV 1.2/50µs 2A 1.2/40µs
3kV 0.5J 500Ohm 110nF 3kV 1.2/50µs 6A 1.2/25µs
5kV 0.5J 500Ohm 40nF 5kV 1.2/50µs 10A 1.2/10µs

MIG-OS-MF

Damped Oscillatory Waves Magnetic Field

with MF1000-1

Oscillation frequency 100kHz 
Antenna dimensionAntenna dimension 1m x 1m
Current range 1 up to 150A (100A/m)

with MF1000-2 (100kHz)

Oscillation frequency 100kHz
Antenna dimensionAntenna dimension 1m x 2.6m
Current range 1 up to 130A (120A/m)

with MF1000-2 (1MHz)

Oscillation frequency 1MHz
Antenna dimensionAntenna dimension 1m x 2.6m
Current range 1 up to 92A (60A/m)
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Accessories and Options

External Three Phase Couplers

Damped oscillatory wave testers can be extended with automatic or manual three-
phase coupling networks. The CDN2000-06-25 and CDN3000A-06-25 can also be 
used for EFT, CWG surge and ring wave. Coupling path selection is either from the 
MIG " rmware, from GENECS and TEMA software or manually on the CDN front panel 
(manual version only). The coupling networks ful" ll the requirements laid down in the 
IEC 61000-4-4, IEC 61000-4-5, IEC 61000-4-12 (ring wave), IEC61000-4-18, ANSI 
C37.90 and ANSI C62.41 standards.

CDN2000-06-25

CDN3000A-06-25

CDN2000-06-25

Manual three phase CDN with line voltages L to N=280V and L to L=415V, line cur-
rent 25A per phase. Coupling path selection for EFT, Damped Oscillatory, Surge and 
Ring. Differential input for Damped Oscillatory Waves. (MIG-OS-OS1, MIG0603OSI, 
MIG0603OMI, MIG-OS-OM)

Note : 

CDN2000-06-25 can be used for testing on up to four data lines using the 100kHz and 
1MHz oscillatory waves.

CDN2000-06-25 OPTION 480V

Extends three phase CDN for line voltages L to N = 280V and L to L = 480V. Applicable 
for damped oscillatory wave, surge (CWG), EFT/burst and ring wave impulses.

CDN3000A-06-25

Three phase CDN with line voltages L to N=280V and L to L=480V, line current 25A per Three phase CDN with line voltages L to N=280V and L to L=480V, line current 25A per 
phase. Automatic coupling path selection for EFT, Damped Oscillatory, Surge and Ring 
wave. (MIG-OS-OS1, MIG0603OSI, MIG0603OMI, MIG-OS-OM, MIG-OS-OM-EXT)

Note : 

Common Mode coupling only.

Application:

IEC 61000-4-18 fast waves de-/coupling
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Magnetic Field Testing

Applicable standards are IEC 61000-4-8 (AC), IEC 61000-4-9 (IMPULSE) and Applicable standards are IEC 61000-4-8 (AC), IEC 61000-4-9 (IMPULSE) and 
IEC61000-4-10 (DOW).

MIG damped oscillatory wave testers can be extended by the MF1000 coil antennas. 

MF1000 antennas are used to generate magnetic " elds when connected to the MIG 
outputs. The following levels can be reached:

Coil dimensions AC magnetic ! elds 
(50/60Hz)

Impulse magnetic 
! elds (8/20µs)

DOW magnetic ! elds 
(100kHz & 1MHz)

MF1000-1 1m x 1m 1 up to 130A/m 0.1 up to 1.5kA/m 1 up to 150A/m
MF1000-2 1m x 2.6m 1 up to 110A/m 0.1 up to 1.1kA/m 1 up to 130A/m
MF1000-3 1m x 1m 0.3 up to 1kA/m n/a n/a

MF1000-1
MF1000-2
MF1000-3

MIG-OS-OM-EXT
MIG-OS-OM-EXT

Extends slow wave generators to include the fast wave impulses 3, 10 and 30MHz. 
Controlled from the MIG-OS-OS1, MIG0603OSI, MIG-OS-OM or MIG0603OMI          
generator front panel.

Speci! cations fast waves

Oscillation frequency 3, 10 & 30MHz
Source impedance 50 ohm
Voltage range 0.25 up to 4000V
Damping rate 50% between 5th and 10th peak
Pulse risetime 5ns
Burst period 300ms
Burst duration 50ms at 3MHz

15ms at 10MHz
5ms at 30MHz

Polarity positive, negative

CN-EFT1000

CN-EFT1000

Uesd with MIG-OS-OM-EXT to couple oscillatory wave impulses into data lines. This 
applies only to the 3MHz, 10MHz and 30MHz impulses.

VERI01 OSI

0.1 ohm shunt for use with MIG-OS-OM-EXT calibration of current wave in accordance 
with IEC61000-4-18.

VERI01 OSI

VERI1KEFT

1kOhm termination with high voltage BNC connector and integrated divider for calibra-
tion / veri" cation of fast waves in accordance with IEC 61000-4-18.

VERI1KEFT
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Software

For remote control of damped oscillatory wave testers, the OPTICAL LINK and one of For remote control of damped oscillatory wave testers, the OPTICAL LINK and one of 
the following software packages is needed:

- GENECS-MIG: This is a relatively simple program that reproduces generator front 
panel functions on a PC. In addition to remote programming and control of the gen-
erators, test report information is available to word processing or other evaluation 
programs such as EXCEL. 

- TEMA Software: Comfortable control of EMC PARTNER generators from a PC. 
Enables up to four generator types to be included in the same test sequence. Gen-
erates an enhanced test report.

Predefined test routines
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EMC PARTNER’s Product Range
Hidden Heading to provoke a TOC entry

EMC PARTNER’s Product Range
The Largest Range of Impulse Test Equip ment up to 100kA and 100kV.

Lightning Tests

A range of test equipment and accessories for aircraft, military and telecom applica-
tions. Complete solutions including all hardware and software to meet the require-
ments of RTCA / EUROCAE DO160 / ED14 for indirect lighting on aircraft systems, 
MIL-STD-461 tests CS106, CS115, CS116, for military vehicles, ITU-T .K44 basic 
and enhanced tests for impulse, power contact and power induction, FCC part 68 for and enhanced tests for impulse, power contact and power induction, FCC part 68 for 
telecom equipment testing.

Component Tests

Modular impulse gen er a tors (MIG) for transient com po nent testing on:  varistors, gas 
discharge tubes (GDT), surge pro tec tive devices (SPD), X Y ca pac i tors, cir cuit break ers, 
watt-hour  meters, pro tec tion re lays, in su la tion ma te ri al, sup pres sor di odes, con nec tors, 
chokes, fus es, re sis tors, emc-gaskets, ca bles, etc. Manual or fully automated solutions 
are available up to 100kA (8/20us) and 144kV (1.2/50us).

Emission Measurements

One unit per forms all meas ure ments on the power sup plies of elec tron ic equip ment and 
prod ucts for the CE-Mark. HAR1000 uses a novel techniques to deliver clean pow er prod ucts for the CE-Mark. HAR1000 uses a novel techniques to deliver clean pow er 
source for the EUT in a compact and lightweight form. The system includes all hardware 
and software including line im ped ance net works, control and evaluation software. A and software including line im ped ance net works, control and evaluation software. A 
basic 1-phase system can be easily extended to 3-phase by adding 2 further phases 
.  HARCS Immunity soft ware further expands the system by addidng interharmonic 
tests, voltage variation and ripple on DC tests. Com plies with IEC / EN 61000-3-2, -3 
IEC / EN 61000-4-13, -14, 

Immunity Tests

Transient Test System can be used to per forms all EMC tests on elec tron ic equip ment. 
ESD, EFT, surge, AC dips, AC mag net ic ! eld, surge mag net ic ! eld, com mon mode, 
damped oscillatory and DC dips tests are available as stand-alone or combined test 
instruments. A large range of ac ces so ries for dif fer ent ap pli ca tions is avail a ble: three 
phase cou plers up to 690V/100A, telecom and data line couplers, ver i !  ca tion sets, 
magnetic ! eld coils. Immunity test systems ful! lls IEC and EN 61000-4-2, -4, -5, -8, 
-9, -11, -12, -16, -18, -29.

MIG2000-6 – a flexible solution for military and 
avionic applications

MIG1212CAP  – an automatic 
8 bank capacitor test system

System Automation

As addition to the basic generators, a range of accessories are available to enhance 
capability. Test cabinets, test pistols, adapters and software, simplify interfacing with 
the EUT. 

PS3 programmable source is an EMC hardened supply for frequencies form 16.7Hz 
to 400Hz. Frequency variation tests can be made using the PS3-SOFT-EXT. Complies 
with IEC / EN 61000-4-28

HAR1000-3P and HARCS software 
a complete test system

PS3 - programmable source 
ideal for EMC applications

TRA3000  and ESD3000 ideal for CE testing 
Easily extended to meet other applications
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For further information please do not hesitate to contact EMC PARTNER’s representa-
tive in your region. You will " nd a complete list of our representatives and a lot of other 
useful information on our website:

The Headquarters in Switzerland

EMC PARTNER AG
Baselstrasse 160
CH - 4242 Laufen
Switzerland

Phone:  +41 61 775 20 30
Fax:  +41 61 775 20 59
Email: sales@emc-partner.ch
Web-Site: www.emc-partner.com

Your local representative

Version 31. May 2010 . Subject to change without notice.

www.emc-partner.com


