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EMC Problems in Real Life A
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In the Gulf of Tonkin on 29 July, Forrestal had been launching aircraft from her flight
deck. For four days, the Planes of Attack Carrier Air Wing 17 flew about 150
missions against targets in North Vietham from the ship.On 29 July 1967, during
preparation for another strike, a Zuni rocket installed on an F4 Phantom, misfired,
impacting an armed A-4 Skyhawk, parked on the port side. The rocket's impact
dislodged and ruptured the Skyhawk's 400-gallon external fuel tank. Fuel from the
leaking tank caught fire, creating a serious conflagration that burned for hours,
killing 134, injuring 161, destroying 21 aircraft and costing the Navy US$72 million.
The accidental firing is believed to have been triggered by a combination of the
powerful fields at deck level from the ship’s radar and an incorrectly fitted shielded
cable connector.
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The HMS Sheffield was a Type 42 guided missile destroyer and was fitted with the
Type 965 radar system. This was an old system that was due to be upgraded to the
Type 1022 system. Two Argentine Navy Super Etendards (3-A-202 and 3-A-203)
both armed with Exocets fired two missiles and one of them hit the HMS Sheffield.
The Sheffield’'s search radar was switched off when the satellite communication
system was used, because of interference from the radar. Without its search radar

the Sheffield’'s anti-missile defences could not be used, and this allowed an Exocet
missile to hit the ship on 4th May 1982.
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On July 17, 1996, TWA Flight 800, a Boeing 747 bound for Paris, exploded shortly
after takeoff from New York's JFK International airport, killing all 230 people on
board. The National Transportation Safety Board concluded that the probable
cause of the accident was an "explosion of the center wing fuel tank" resulting from
an ignition of the fuel/air mixture inside the tank.

The likely source of the ignition was an arc generated in the wiring associated with
the fuel quantity indication system.
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Pacemakers can mistakenly detect electromagnetic interference from smartphones
as a cardiac signal, causing them to briefly stop working. This leads to a pause in
the cardiac rhythm of the pacing-dependent patient and may result in syncope. For
implantable cardioverter defibrillators, the external signal mimics a life threatening
ventricular tachyarrhythmia, leading the ICD to deliver a painful shock.

https://incompliancemag.com/studies-confirms-smartphones-interfere-with-pacemakers/
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» Electromagnetic compatibility (EMC) is defined as the ability
of a device, equipment, or system to function satisfactorily in its
electromagnetic environment without producing intolerable
electromagnetic disturbances to anything in that environment.

> EMC is achieved when a device functions satisfactorily
without introducing intolerable disturbances to the
electromagnetic environment
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THE ELECTROMAGNETIC SPECTRUM
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radar-unit
radio service

entertainment elekironics electrical maschines

and devices copyright by waw hese:projaciong DUZ010 Layawt [C.H.)

» Natural sources: Lightning, Sun Spots

» Unintentional emitting products: Power lines, Motors (Mixer,
Hair Dryers etc)

» Devices that intentionally emit signals: Computers, Radar,
Transmitters, Broadcast Equipment etc.




Definiton of Far Field and Near Field
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EM energy source

Near field radius <<i/2x /

U Nature of the wave depends
on source characteristics

U High current, low voltage
source is mainly magnetic

U Low Impedance (High H)

U Nature of the wave depends

U Electric & Magnetic fields are

Far field radius >> 2/2x

on propagation medium

both planar waves

Electromagnetic Wave

-«*ﬁ)

B tdagnetic field
Electric field

near field far field

Situation of the zone close to the antenna far from the antenna

Distance 0 - 2D%A 2D%/A -

E perpendicular to H no yes

E and H perpendicularto S' | no yes

Evolution of the field in 1/r no yes

Wave impedance (Z=E/H) #£377Q 377 Q

Field distribution very complex and easy and monotone
inhomogeneous (spherical waves)

http://www.astronomynotes.com
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EMC Phenomenon

Lightning
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EMC Test Levels
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‘ Susceptibility
Voltage Level
Current
Field .
e.m.f. Margin Design , Immunity Level
Compatibility Margin Compatibility
................................ I ——— Level
dB
dBm e
dBpA/m
Vim Margin Design
mV
HA Emission
Vims /\ /\J Level
(1]} . h
Frequency
https://wpo-altertechnology.com
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Definition of decibel (dB) A
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dB is a logarithmic unit expressing the ratio of two quantities. ‘

» In power measurement, the relative power is defined as

dBm represents the power level P, with reference to 1 m\W

Py
dBref =101logyo Pre_f

» in voltage measurement, the relative voltage is defined as

dBuV represents the power level V, with
reference to 1 uV rms

V,
dﬂref =20 Iﬂg‘lﬂv ; |If Rl - Rref

> in current measurement, the relative current is defined as

dBuA represents the power level |, with reference

I .
dB"Ef =20 Iﬂgiﬂl—llfR‘l = R?‘Ef to 1 pArms

ref

14
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dBm to dBpV and dBpV to dBuA A
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dBm to dBuV conversion only for 50 QQ system |

2 2
| = VE ﬁ P= % ﬁ 10logP = 20 logV — 10log50

dBW = dBV — 17 wssp (dBm — 30) = (dBuV — 120) — 17 wssp 0 dBm = 107 dBuV

‘ dBuV to dBuA conversion only for 50 Q system |
V=1%RuwmwspV =150 wwssp dBV = dBA + 34dBQ.

dBuV — 120 = (dBuA — 120) + 34dB() sy 20logV = 20logl + 20log50

sy dBuV = dBuA + 34dBQ

15
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|IEC Standardization
Management Board National EMC Organizations
(ANSI, BSL, FCC, VDE...)

IEC Advisory
Committee on EMC
(ACEC)

Basic, Generic and Product Standards :

I
I Product Standards
I !
| ;g |
| Liaisons I
| !
International Organizations Regional Organizations ~ Professional Organizations
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Commercial EMC Standards 4@_
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Basic Standards
Examples
IEC/EN 61000-3-XX
IEC/EN 61000-4-XX

Product Specific Product Family Generic
Examples Examples IEC/EN 61000-6-XX
EN 50199 EN 55011 Examples
EN 50293 EN 55022 IEC/EN 61000-6-1
EN 50270 EN 55024 IEC/EN 61000-6-4

19
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Immunity Standards

» IEC 61000-4-2, Electrostatic discharge immunity test

» IEC 61000-4-3, Radio frequency, electromagnetic field immunity test

» IEC 61000-4-4, Electrical fast transient/burst immunity test

» IEC 61000-4-5, Surge Immunity Test

» IEC 61000-4-6, Immunity to conducted disturbances, induced by radio-frequency fields
» IEC 61000-4-8, Power Frequency Magnetic Field Immunity Test

» IEC 61000-4-11, Voltage dips, short interruptions and voltage variations immunity tests

Emission Standards

» CISPR 11, Industrial, scientific and medical equipment

» CISPR 12, Vehicles, boats and internal combustion engines

» CISPR 13, Sound and television broadcast receivers and associated equipment

» CISPR 14, Household appliances, electric tools and similar apparatus

» CISPR 15, Electrical lighting and similar equipment

» CISPR 22, Information technology equipment

» CISPR 25, Vehicles, boats and internal combustion engines

» CISPR 32, Electromagnetic compatibility of multimedia equipment

» IEC 61000-3-2, Harmonic current emissions (equipment input current <16 A per phase)
» IEC 61000-3-3, Limitation of voltage changes, voltage fluctuations and flicker in public low-voltage
supply systems, for equipment with rated current <16 A per phase
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» The Equipment Under Test (EUT) shall be fully operational during testing. The
electronics shall be exercised in a way simulating actual / worst case usage.

> If needed, special test firmware/software can be loaded to simulate worst
case scenarios. The special loads and equipment shall be provided by the
customer.

> It is the customers responsibility to provide a test PC/laptop if this is required
to exercise the EUT in full.

» The tests configuration shall be as close to typical actual operation state as
possible. If the EUT is capable of various modes of operation (for instance GSM
band 1/2/3) that cannot be activated and tested simultaneously. it is required to
select sufficient number of modes to simulate actual situation and ensure that
different types of modes can be tested.

21
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> If the EUT can operate from different supply voltages, the tests must be
repeated for the different voltages.

> If the EUT has lots of ports, it is required to select sufficient number of ports
to simulate actual situation and ensure that different types of ports can be
tested.

» The customer shall clearly indicate the required standards and modes to be
tested against otherwise the testing laboratory shall revert to the setup in the
generic / product standard(s) applicable to the device.

» The test conditions, operating mode and test configuration shall be properly
recorded in the test report.

22
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Electromagnetic

Compatibility

Immunity
{Susceptibility)

Applied to Applied to
Enclosure Cables

Radio Frequency Emissions ESD Conducted

Conducted and Radiated JEC 61000.8-2 IEC a1000-4-6
ITE: CISPR 22, EN 55022
15K CISPR 11, EN 55011
Radio & TV RCVRs: CISPR 13, EN 55013
Measurement, Control, Lab: IEC 61326-2-3, EN 61326-2-3 Radiated Surge
Luminaires: CISPR 15, EN 55015 IEC 61000-4-3 ! IEC 61008-4-5
Appliances & Tools: CISPR 14, EN 55014 EN 61000-4-3 EN 61D00-4-5
U5: FCC Part 15

Magnetic Field Fast Transient / Burst
IEC 61000-3-8 IEC 61000-4-4
EN £1000-4-8 EN G1000-2-8

Line Harmonics
IEC 61000-3-2
EMN B1000-3-2

Sag /[ Interruption

IEC 61000-4-11
EN B1000-3-11

2%

http://www.power-supply-designer.com
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CISPR Bandwidth and Detector Requirements v

Frequency CISPR CISPR 6dB Step 1 I
Range Band Bandwidth Size  Bandwidth—- 6dB
9 kHz — 150 kHz A 200 Hz <100 Hz
150 kHz — 30 MHz B 9 kHz <4.5kHz
30 MHz — 1 GHz C/D 120 kHz <60 kHz
v -20dB
Above 1 GHz E 1 MHz <500 kHz

P, QP, A

Peak Detector
* Initially used
* Faster than QP and Average modes

- If all signals fall below the limit, then the product - l_E;QP
passes and no future testing is needed. s > :7: % 4

Modulated

Continuous

Quasi-Peak Detector 1 _ 5
« For CW signal, Peak = QP W ﬁQI‘
* Much slower by 2 or 3 order magnitude compared to >

using Peak detector Phlsed - Iugh dury.cyale

» Charge rate much faster than discharge rate — the ‘ P

higher repetition rate of the signal, the higher QP _H‘\H\H\’ e f‘fp

reading Pulsed - medium duty cycle

Average Detector M W _:I;P

* Radiated emissions measurements above 1 GHz are ——

performed using average detection Peak (P), quasi-peak (QP) and average (A) -

measurements for different signals
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Conducted Emission Test for Power Lines By &

Using LISN I

The aim of this test is to measure the levels of disturbance conducted by electrical and/or
electronic equipment through its power supply cables in the frequency range from 150 kHz to
30 MHz.

The purpose of the transient limiter is to protect '_- g
the input of the EMI receiver from large transients

when connected to a LISN. Switching EUT power

. : Electrically
on or off can cause large spikes generated in the Insulated i
LISN. Table

EMI Receiver

Attenuator Electrically Bonded

Vertical and Horizontal

. Ground Planes
Transient

Limiter

L | J

https://www.cui.com/blog/importance-of-electromagnetic-compatibility-testing

79dBuv

50 80
l [FadBu\V
70, 66dBIV || | L . [
e | 60dBuLV
o 50dBuV o \ 58dBuY [—'J
|
) R N 50dByV
5 % = 50| |46dBuV
2 Z : [
= -
= R S 2 4 | []
Class A Class B
= 30 = 30
20 20 |
10| — QP detector | [N 500252 Claw A (QP) jo—— AP detettor | —— N 55022/32 Class B (QP)
— AVG detector BN 3502232 Clasa A (AVCl) — AVG detector —— EN 55022/32 Class B (AVG) 26
0 T o .
0.1 | 10 100 0.1 I 10 100

Frequency (MHz) Frequency (MHz)



Conducted Emission Test for Power Lines By &

Using LISN _lrmlE_

The LISN’s earth is connected to the ground reference plane (GRP) of the test setup. Since this is the
ground reference for the measurement, no extra RF impedance should be introduced by this connection
because it would affect both the impedance seen by the EUT and the voltage developed across the LISN’s
impedance. This means that wires or straps of more than a few inches must not be used, since their
inductance is unacceptable. The best connection here is a solid metal bracket, firmly bonding the LISN to
the GRP, as shown below.

P— - dlcm

Electrically
Insulated 80cm
Table

EMI Receiver

Attenuator Electrically Bonded

Vertical and Harizontal

. Ground Planes
Transient

Limiter

https://www.emcstandards.co.uk/files/calibration_and_use_of_amns_lisns_and_absorbing_ l I
clamps_tim_williams.pdf

EMI Receiver/Spectrum Analyser shall
be compatible with CISPR 16-1-1.

27




Background Noise Measurement for Conducted @

Emission Test TJMKE_

Before the conducted emission testing, the background noise level measured with the EUT
de-energized and all auxiliary equipment turned on shall be at least 6 dB below the allowable
specified limits when the test is performed in a shielded enclosure. The background
conducted levels on power leads shall be measured with the leads disconnected from the
EUT and connected to a resistive load which draws the same rated current as the EUT.

Resistive Load

W

Electrically
Insulated 80cm

LISN

Table

EMI Receiver *

Electrically Bonded
Vertical and Horizontal

Wl |' “ l! Ground Planes

Attenuator N

Level (cBuY)

Transient
Limiter

28




Purpose of a LISN 4@_
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» The LISN isolates the power mains from the EUT. The power supplied to the EUT must be as
clean as possible.

» The LISN isolates any noise generated by the EUT from being coupled to the power mains.

» To provide a defined impedance impedance to measure the conducted emission test and to
provide a measurement port to determine the conducted emission levels.

70
60 —
. . . /I’_
Schematic of LISN circuit ) |
—_ I 1V
£ LATTTT]
I ________________________________________ —Ir' 340 ] ——
m LT
o E Lad
Power : R : To EUT E' 3
Source ! ! £,
| . Pyl ] V]
Y B —— ——0.25pF | L1
| I 10
| I (=3
| | —T |
| I o
I IO To50Q Termination ! Faiane (MHz)
! i jj Or 50 Input Of R,
! Measurement
i i Receiver .
| 50 ke | ol T
! i T = N
| I W 6o
b i e o o i e . W =
Signal Output o,
Port B =
?‘;-D 30
< N 2y
E 20 \-\\M T
[ e S o o L B
j—
F re'fql.uEJr'n:_ﬂJ.r (MHz)

https://www.com-power.com/datasheets/LI-550A.PDF 29




Verification Measurement for Conducted Emissio @

Test TJMKE_

» Before conducted emission testing, test laboratory must perform verifications to ensure the
quality and precision of test results by means of verification as the verification can detect

errors beforehand in the test setup and prevent wrong testing.

» A known signal that is 6 dB below the limit to the input of the LISN at 150 kHz, 15 MHz and
30 MHz in turn as shown. Thereafter, the measurement receiver is scanned for each
frequency in the same manner as a test scan and it is expected that the test software must
indicate a level within £ 3 dB of the injected level. If the measured signal levels deviate by
more than = 3 dB, the test is not continued and the error must be rectified in the test system.

Signal
Generator
LISN
Power Electrically
Input Off Insulated 80cm

Table

EMI Reveiver

Attenuator Electrically Bonded

T Ww Vertical and Horizontal
M ' Ground Planes

W

Transient
Lmiter

30



Conducted Emission Test for Signal Lines
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The aim of this test is to measure the levels of disturbance conducted by electrical and/or
electronic equipment through its signal lines in the frequency range from 150 kHz to 30 MHz.

100

g3

il

23

40

23

10

-3

-20

-35

Level (dBpA)

-a0
150k

| _ |

Frecuency (HZ)

Cofducted Telecdmutuhi s Pogt Ol L N Litnitl 21
e
"l-q._“-‘.
gy S 4
Corcucted TeleSymrm TITT L =T =ity
H“"-h..h__
10k

Level (dBu')

130

113

100

=5

70

23

40

25

10

-3

-20

150K

Frequency (Hz)

() LI:LIILPI.EJI TE Pul — LYYy
I
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Conducted Emission Test Setups for Signal &

40 &m fram
Ground Plane

|

wm il

Crptional |

Current
Probe

4 em fram
Ground Plans
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Farrites

40 cm from
Rasistor 1o
Ground Flane Slirtace of

Il Shiald

Ferrites
N .
Currsnt Probe -
" f 1501 —
- L I

https://www.edn.com/electronics-news/4384663/Test-EMI-Emissions-on-Telecom-Test-Ports
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50Q Load and Grounding Effect on Conducted ||IK;

Emission Testing _lTJMf

Grounding scenarios setups

Common Mode Impedance Differantial Mode Impedance
10000 —— Reference setup 100000 . s:;tf 3;; ;elt_LI'gN "
™ T 2?::;;:;3;5;:2»( bl ’g _ Grounding with thick cable
§1000 I —— Giounding with fiih ceblo 6 10000} /\ |—— Grounding with thin cable
= @ 1000
8 100} 2
S s g 100}
Q a
Q L 4
‘ 1 L , A 1 . . -
‘ b ' ™ 0.01 0.1 1 10 0.01 0.1 1 10
(a) reference setup, (b) very poor grounding with paper, (¢) grounding with Frequency (M HZ) Ffequency (MHZ)

thin cable, (d) grounding with thick cable

50Q load scenarios setups e Common Mode Impedance Differantial Mode Impedance
' T 1000 ’ e
g 100 ;r ’ ///./ ﬁ-.\_-\ ] ,‘3\ F
£ £ 100
< 10} Q
g g 10
[ 1 E —— Reference % — Reference
8 E 72231"552:”“3 o] [ | — Open, 50 ohms
£ 0.1 | —Open. Shon & TH—caTs
R | Both short § E Both short
5.0 [| — Short, 50 ohms [ | —— Short, 50 chms
. ' . 0.1 - ' .
0.01 10 0.01 0.1 1 10

0.1 1
Frequency (MHz) Frequency (MHZ)

Sen, O., Cakir, S. "Improved Just-Before-Test Verification Methods with VNA for Conducted EMC Tests ", IEEE International Symposium on
Electromagnetic Compatibility 2018, August:art. no. 8485179 (2018) : 488-493 33




Conducted Emission Test for Power Lines By |[IK

Using Voltage Probe i

The EUT has large dimensions or requires high input current (> 200 A), it is not, for most of the time, possible
to send it to an EMC laboratory or to use LISNs (the commercial LISNs may not be available) during the
conducted emission test. CISPR, ANSI, and the FCC all describe a voltage probe which can be used to
measure the conducted emissions on power terminals as an alternative method. If the conducted emission
test is performed without LISN, the uncertainty value arising from the mains shall be taken into account when
evaluating the test result.

Table B.3 - Conducted disturbance measurements

SUPPLY MAINS from 9 kHz to 30 MHz using a VP
T Input quantity » X Uncertainty of x; .'Ju[.r.-JF
(@ Probability
| S a8 distribution dB
XC(‘ 1500 Q function
Recelver reading A" 2 & 0,1 k=1 0,10
Attenuation: VP-receiver AZ) i, + 0,1 k=2 0,05
VP voltage division factor (VDF) B2 Fup +0,2 k=2 0,10
R =(1500- Ry @ Recelver corrections:
Sine wave voltage A% F. - +1,0 k=2 0,50
Pulse amplitude response A4) L +1.3 Rectangular 0,87
Pulse repetition rate response Ad) e +1.5 Rectangular 0.87
e MEASUREMENT MNoise floor proximity AS) A gy + 0,0 0,00
RECEIVER
WP VDF frequency interpolation AS) SFypr L 0,1 Rectangular 0,06
5 /_ Mismatch: VP - receiver A7) S +0,7/-0.8 U-shaped 0,53
X > Ry j INPUT IMPEDANCE = Ry Q KT> VP impedance 54) SZyp £ 0,5 Triangular 0,20
j Effect of mains disturbances B3y rm__,“_"_
Effect of mains impedance when ; = ’
T b compared with hMFL By S mains £ 30,0 Trianguiar 12.24
| / Effect of the environment B1%] ] . - - -
a Superscripts [e.g. M'] corfespond to numbered commentis In the annexes (see A2
and B.6)
b Allg =1 (see A.1)
Hence, expanded uncertainly
1 2,91dB
The uncertainty value : . .
L. y i T = Zuc 11 ) = | 24,65 dB Jeensidering the effect of mains
arising from the mains <— limpedance when compared with AMN

34




Comparison of Conducted Emission Test

Methods

LISN
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220VAC, 50Hz  ka ™
s 1 G EUT
(a) ( — -
r lqhn';ﬂmi
(vuhor
220VALC, S50Hz o
' - 1)
(b) ( = g L EUT
Vi N
Phase
LISN L 0.22 yF
Sim. [ ) Votas 8 50 0 W
Z20VAC, 50Hz "} 0 Ground 7]
< e i 74 4 E
o G o o
© (o— euT < S0 -
N Neural T >22HF
Sen, O., Cakir, S., Acak, S., Cetintas, M. "Alternative Conducted Emission Measurements with LISN Simulation & CISPR 16 Voltage Probe",
IEEE International Symposium on Electromagnetic Compatibility (EMC Europe 2015), Dresden (16-22/08/2015) : 5 p 35




Level (dBuV)

Comparison of Conducted Emission Test

Methods

Conducted emission backround measurement results

65
60
55
50
45
40
35
30
25
20
15
10

5

0

ﬂ/M\ 4. M“ WNM

T r T 7 77T

— LISN
— LISN Sim.
Without LISN ]

'W».u m ‘\. o A “ﬁ

|
1

Frequency (MHz)
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Conducted emission measurement results for actual EUT

Level (dBuV)

65 —
60

LI S |
—— LISN

——— LISN Sim.
Without LISN

55

50
45
40
35
30

’§ :

25
20
15

10
5
0

Frequency (MHz)
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Radiated Emission Test ey

The aim of this test is to measure the levels of disturbance radiated by electrical and/or
electronic equipment through its enclosure and input/output cables in the frequency range from
30 MHz to 6 GHz.

SEMI ANECHOIC CHAMBER

SEMI ANECHOIC CHAMBER

Antenna Mast

Antenna Mast

EUT Rotated

1to 4 Meters Non-Conductive

Through 360° Receiving Table —
= Antenna Aecemng
ntenna
EUT| < 3 or 10 Meters @ Y EUT| < 3 Meters » :
= - < Coaxial Cable

Ground Plane

MNon-Conductive Table Etknsck fable

Ground Plane

Turn Table
EMI Receiver

l |
LAttenuator | Attenuator

Preamplifier Preamplifier

The attenuator (at least 6 dB) shall be used between the
output of receiving antenna and the input of the preamplifier
in order to minimize the mismatch of impedance.

37
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Background Level for Radiated Emission &

Testing Limits T
UME
During radiated emission testing, the ambient electromagnetic level measured with the EUT
de-energized and all auxiliary equipment turned on shall be at least 6 dB below the allowable
specified limits when the test is performed in a semi anechoic chamber.

E=1n] I=zinimla avinim
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Requirements of Test Chamber 4@_
UME

The OATS or the Semi-Anechoic Chamber facilities used at the radiated emission testing
shall meet the site validation criteria (NSA and S,ggr) requirements of CISPR 16-1-4.
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) Difference (dB)
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emission

measurement

The impact on the test results of the
test tables used at the

radiated

shall

be

measured as per CISPR 16-1-4 in the
frequency range 30 MHz — 6 GHz.
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Difference (dB)
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Effect of Antenna Calibration Method and &)

4

Distance on Radiated Emission Testing e

UME

The receiving antennas shall be calibrated in accordance with the distance to be used at
radiated emission testing in order to avoid wrong testing.
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Verification Measurement for Radiated Emissio &

Testing

> Before radiated emission testing, test
laboratory must perform verifications to
ensure the quality and precision of test results
by means of verification as the verification can
detect errors beforehand in the test setup and
prevent wrong testing.

> A known signal that is 6 dB below the limit
to the input of the receiving antenna at the
lowest frequency of test, at a mid-band
frequency, and at the highest frequency of
test. Thereafter, the measurement receiver is
scanned for each frequency in the same
manner as a test scan and it is expected that
the test software must indicate a level within £
3 dB of the injected level. If the measured
signal levels deviate by more than + 3 dB, the
test is not continued and the error must be
rectified in the test system.

» Moreover, the reference source should be
utilized before radiated emission testing in
order to check all the test system including the
test chamber and the receiving antenna.

—TiBiTAR—

UME

SEMI ANECHOIC CHAMBER

Antenna Mast

Signal Generator

Reference

Source ILI'_I_:| i ]
|

1to 4 Meters

Receiving
Antenna
3 or 10 Meters

<€ Coaxial Cable

O — 2

Ground Plane

EMI Receiver

| Attenuator

| +Preampiﬁer
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v

Radiated Emission Testing at OATS Y

The background noise is at least 6 dB
below the limit line specified by the
customer when the EUT is switched off.

dByVim

UME

Due to many RF noise sources such as FM,
TV and GSM, in the outdoor environment,
the radiated emission measurement is not
able to be performed properly at OATS for all
frequency range.

)

Ii'!l ||

|||i|||||| il
Frequency [MHz)

https://emcfastpass.com/emc-testing-beginners-guide/emissions/

o 7
Lo ~f.-‘|‘-.Jn'l

1000 2000
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Description of Harmonic A
UME

In a linear system (e.g. a circuit, with ideal resistors,
capacitors and/or inductors), the characteristics of the
voltage and the current are sinusoidal in nature. The
current contains only one frequency, the mains
frequency or the so called fundamental. Beside this 50
Hz component there are no other frequencies and
therefore there are no harmonic components.

N :
4 '%% Distorted wave
—— Fundamental
Harmaonic

\"ﬁ
AN

\ /
» Distortion of main supply voltage, unwanted currents
flowing in the supply network generate additional

Harmonics are produced by not-linear loads that energy losses.

absorb non-sinusoidal current. The most common ' | ;. pefective operation of regulating devices, disturbed

loads, both in industrial surroundings and | | gperation of florescent lamps, television receivers or
domestic ones, are the following ones: other equipment.

¥ Frequency / Variable speed drives » Malfunction of ripple control and other mains
v Discharge lamps (high pressure sodium vapour | signaling systems, protective relays and, possibly,
lamp, mercury vapour lamp, low consumption, other of control systems.

fluorescent, etc.)

Effects of Harmonics on Mains supplies

» Additional acoustic noise from motors and other

v Rectifiers ; -

v AC/DC Converters apparatus, reducing the efficiency of motors.

v" Arc welding » High harmonic amplitudes may not only cause
v Induction ovens malfunctions, additional losses and overheating, but
v UPS also overload the power distribution network and
v Computers and laptops overheat the neutral conductor and cause it to burn out.

A5
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Harmonic Current Emission Testing

—TiBiTAR—

UME

»The aim of this test is to measure the harmonic currents injected into the public
supply system by electrical and/or electronic equipment.

» This standard is applicable for all electric and electronic equipment that has an

input current of up to 16A per phase, suitable for connection to the low-voltage AC
public mains distribution network.

The stable power source and the harmonic
analyser shall meet requirements of IEC/EN
61000-3-2.

f

CH1 100 2 S 00A M 5.00ms CH1 7 =840mVY
Retd 1.00V 500 us 50.0014Hz

Current Harmonics ] Legend

EUT

Stable Harmonics
source analyser

Current RMS{Amps)
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Harmonics Class A Class B Class C Class D
[n] [A] [A] [% of fund] [mA/W]
Odd harmonics
3 2.30 3.45 0 x 34
5 1.14 1.71. 10 1.9
T 077 1.155 7 1.0
9 0.40 0.60 5 0.5
11 0.33 0.495 3 0.35
13 0.21 0.315 3 3.85M13
15=n=39 0.15 x 13/n 0.225 x 15/n 3 3.85/n
Ewven harmonics
2 1.08 1.62 2 -
4 0.43 0.643 - -
B 0.30 0.45 - -
B=n=40 0.23 x 8/n 0.345 x 8/n - -
»* Balanced three-phase equipment
#* Household appliances excluding equipment identified
as Class D
Class A * Tools excluding portable tools
¥ Dimmers forincandescent lamps
* Audio equipment
» Equipment not specified one of the three other classes
shall be considered as Class A equipment
Class B * Portable tools
Class C * Lightning equipment
» Equipment having a specified power < 600W of the
Class D following types:

&)

¥v" Personal computers and personal monitors
¥ Television receivers

—TiBiTAR—

UME
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Example Test Result for Harmonic Current &

—TiBiTAR—

UME

Measurement

100

Amplitude in %
S8 888388

Data for a newly introduced 200 watt power supply with PFC
b Power 530.2 Watt
PF 0.986
If 2.289 Amp-rms
n i I_[ allallg 5 I D nom Harmonic Harmonie current limits Actual PS
0 | I O L N S . I . N L A N DO N N II:I.D.EII|:||=_ order Class-A Cla==-B Class-C ClassD ANS| emissions
12345678 810111213141516171810202122

Example of Harmonic frequency distribution 3 ;;‘;ﬂg 1:% g:g;? r :;:B g: ;;; g: 325
5 1140 1.710 [ 22 1.007 m'a 0175
T 0,770 1.155 0,160 0,530 rn'a 0106
g 10,400 0. B0 0.0B5% 0,265 < 30 % 0.034
11 0,330 0.485 0114 0.188 n'a 0.040
13 0,210 0.315 0114 0157 0160 0.020
15 0150 0.225 0.114 0.136 0160 0.027
17 0132 0.199 0114 0.120 0180 0.035
19 0118 0178 0114 D07 0180 0.025
21 0107 0.181 0114 0.0sv 0160 0.031
23 0088 0. 147 0,114 0.0BS 0160 0.040
25 10,040 0,135 0,114 0,082 0160 0,056
r 0,083 0,125 0114 D078 0160 0.031
20 0078 0,116 0114 0,070 0160 0.037
# 0073 0.109 0114 0.066 0160 0.034
33 0068 0.102 0114 0.062 0160 0.028
35 0064 (0.0G5 0114 0.058 0160 0.025
Ir i0.081 0.0481 0114 0.055 0180 0.024
39 .058 0.087 0114 0.052 0160 0.027
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Voltage Changes, Voltage Fluctuations and &
Flicker TJMKE_

Voltage fluctuations can be described as repetitive or random variations of the voltage envelope
due to sudden changes in the real and reactive power drawn by a load. The fluctuating current
that is drawn from the supply causes additional voltage drops in the power system leading to
fluctuations in the supply voltage. The characteristics of voltage fluctuations depend on the load
type and size and the power system capacity.

Examples of loads that may produce voltage
fluctuations in the supply include

» Arc furnaces -
> Arc welders |
> Installations with frequent motor starts (air
conditioner units, fans)

» Motor drives with cyclic operation (mine
hoists, rolling mills)

» Equipment with excessive motor speed
changes (wood chippers, car shredders)

Amplitude (V)

49



Voltage Changes, Voltage Fluctuations and &

Flicker Testinc UME

» Based on |IEC standard, the critical flicker frequency which is the most sensitive
to human eyes is located at 8.8 Hz.

» Since this flicker in the lamps affects the nervous system of people, it may cause
the following effects

SOUrC@ DISTRIBUTION POINT
Impedance t
. Load Load
* Severe headache 1K
* Seizures |
* Nausea or vomiting
* Eye strain
F!'rckler perceptitlaii'rty fora 2,30 V, 50 HZ, lamp
z 1 8.8Hz
£

Instantaneous flick
o
F -9

o
K~

50
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Voltage Changes, Voltage Fluctuations and &

—TiBiTAR—

UME

»The aim of this test is to measure the voltage fluctuation caused by electrical and/or electronic
equipment.

Flicker Testinc

» This standard is applicable for all electric and electronic equipment that has an input current
of up to 16A per phase, suitable for connection to the low-voltage AC public mains distribution
network

v The value of the short-term light flicker severity index
Pst<1.0

v' The value of the long-term light flicker severity index
Plt < 0.65

v’ The stationary relative voltage change d (t) < 3%

v' The maximal relative voltage change dmax < 4%

v' The d value during the voltage change should not
exceed 3% for a duration longer than 200 ms

In order to obtain comparable measured results,
a reference impedance must be inserted
between the power source and the EUT when
measuring flicker

O—
Xa

Power Reference Flicker

Source Impedance meter

~—

Rp

XN RN
EUT
R, =0.24Q Xa =j0.15 €2
| Ry =0.16 Q XN =j0.10 Q2
Stable Flickers analyser Total impedance = 0.40 + j0.25 O

51
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Verification of Voltage Changes, Voltage Fluctuations

—TiBiTAR—

UME

» Before harmonic current emission and flicker testing, test laboratory must perform
verification measurement to ensure the quality and precision of test results by means of the
reference source as the verification measurement can detect errors beforehand in the test

setup and prevent wrong testing.

and Flicker Testing System
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TESTS




Performance Criteria for Immunity Tests

Class A

Normal performance within limits specified
by the manufacturer, requestor or purchaser.

Class B

Temporary loss of function or degradation of
performance which ceases after the
disturbance ceases, and from which the
equipment under test recovers its normal
performance, without operator intervention

/

Class C

Temporary loss of function or degradation of
performance, the correction of which
requires operator intervention.

Class D

Loss of function or degradation of
performance which is not recoverable, owing
to damage to hardware or software, or loss
of data.

&)

—TiBiTAR—

UME

Results of immunity tests are classified into four categories. These categories are as follows.



What is Electrostatic Discharge (ESD)?

When two electrically charged objects, such as the
human body and an electronic device come into
contact with each other, static electricity is
discharged. This phenomenon is called ESD
(Electrostatic Discharge). ESD generated from the
human body can be of the order of several
thousand volts. This high voltage pulse enters the
electronic device that is touched, resulting in a
malfunction or destruction of the IC circuits inside it.

Discharge to victim equipment

triboelectric
charging through
motion

v

7
body capacitance
maintains charge
voltage

return current path

@

_IUBITAL

Sre

http://www.ee.cityu.edu.hk/~emc/20150418P2.pdf
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ESD Testing V.
UME

» The purpose of the ESD immunity testing is to determine the effects of unwanted ESD pulses
caused by users on the EUT.

» During the ESD immunity testing, the EUT shall not exhibit any malfunction, degradation of
performance, or deviation from specified indications, beyond the tolerances indicated in the
individual when subjected to the ESD pulse.

Test set-up for floor-standing EUT

Typical positian for
indirect discharge to WVCP

HHHH

.

. oy
Isolation transformer 0
I

" ESD simulator Test set-up for table top EUT
== iy Typical position for
i direct application Typical position for

ESD simulatnr--_

o~

Vertical Coupling Plane
(0.5m x 0.5m)

A : 01 indirect discharge to VCP
x A -
A \ //__- — §

Typical position for

indirect discharge to HCP — Vertical Coupling Plane

e 0.5mx 0.5
Ground reference plane (0.5mx0.5m)

P o
-
/-”
=
e
#

-

AT0kQ resistar " Insulating pallet Typical position for

(h=0.1m) direct application

" Wooden table
= Ground reference plane

Insulation sheet
Horizontal coupling plane

http://iota.ee.tuiasi.ro/~lides/site-engleza/studiu.htm 56



| at 30ns-|

| at 60ns

ESD waveform

ESD Waveform

o

-

10% =

¢

—TiBiTAR—

UME

In the case of air discharge testing, the climatic
conditions shall be within the following ranges:

» Ambient temperature: 15 °C to 35 °C;
» Relative humidity: 30 % to 60 %;

» Atmospheric pressure: 86 kPa (860 mbar) to
106 kPa (1060 mbar).

R
30ns —pe t
60ns .
Hat— Ir= 0.7 to 1ns
Indicated First Peak Rise Time Current Current
Voltage Current of t- with (£30 %) at | (*30 %) at
Level Discharge | Discharge 30 ns 60 ns
0% Switch
KV A ns A A
1 2 7.5 0.7to1 4 2
2 4 15 0.7t01 8 4
3 6 22.5 0.7t01 12 6
4 8 30 0.7t01 16 8
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ESD Testing ve Levels T
UME

» Application of discharge: [5>= Air discharge
v’ Direct: on the surface of the EUT P Contact discharge
v" Indirect: in the coupling planes

» Types of discharges: E‘ seams I_I
i i keypads

v" In contact: the conductive surface (head pointed gun)
v’ In air: on insolating surfaces (gun head rounded) protruding
» One discharge each 3 sec LEDs
» 10 discharges + and - by point of application
> 4 test levels
» For high levels we must pass by intermediate levels

III%

apertures

Test levels shall be selected according to specific product L. SWltcheS
standards or generic standards that defines levels in connector

. g 3 shells
accordance with electromagnetic environment.

http://www.elmac.co.uk/ESD_considerations.pdf

Test Levels for ESD Test
Contact Discharge Air Discharge Cases for application of ESD on connectors
Connector Cover S .
Case - Air discharge to: Contact discharge to:
Level Test Voltage Level Test Voltage el el
kV kV 1 Metallic None - Shell
1 2 1 5 2 Metallic Insulated Cover Shell when accessible
3 Metallic Metallic S Shell and cover
2 4 2 4 4 Insulated None : -
5 Insulated Insulated Cover S
3 6 3 8 G Insulated Metallic S Cover
MWOTE In case a cover is applied to provide (ESD) shielding to the connector pins, the cover or the
4 8 4 15 equipment near to the connector to which the cover is applied should be labelled with an ESD
warning.
X2 SPECia| X2 SPECia| a |f the product (family) standard requires testing to individual pins of an insulated connector, air
discharges shall apply.
@ "X" can be any level, above, below or in between the others. The level shall be
specified in the dedicated equipment specification. If higher voltages than those shown 58
are specified test equipment may be needed.




Verification of the ESD Test System

&)

—TiBiTAR—

UME

The purpose of verification is to ensure that the ESD simulator’s tip voltage is operating correctly
before ESD testing. The 470 kQ bleeder resistors shall also be checked before ESD testing.

» Before ESD immunity testing, the verification setup is established.

» Any channel of the oscilloscope is connected to output of the ESD target including 20 dB.

» The ESD pulse is applied by using ESD gun on the ESD target as if the ESD immunity testing was performed.

» The values (voltage and time parameters) to be read on the oscilloscope shall be a level within £+10% of the target

level

»Otherwise, the test is not started before the problem is solved.

20,6 m

Vertical
ESD | ; i Shielded
1

i calibration
generator | | enclosure

perpendicular | : for the
[ oscilloscope
| Current target | and
s cannecting
cables

Mains filter

Ground strap pulled
backwards at
its midpoint

Mains cord

ESD Gun

-N

| P\

ESD Target

’_p” -

Os cilloscope
20 dB Attenuator
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ESD Gun and Discharge Tips

For contact discharge

For air discharge

BBk

v

—TiBiTAR—

UME
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Radiated Immunity Testing v
UME

» The purpose of the radiated immunity testing is to determine the effects of radiated electromagnetic
field such as might be created by cell phones and other intentional radiators on the EUT.

» During the the radiated immunity testing, the EUT shall not exhibit any malfunction, degradation of
performance, or deviation from specified indications, beyond the tolerances indicated in the individual
when subjected to the radiated electromagnetic fields in the frequency range 80 MHz — 6 GHz.

0.8 m high
non-conductive
support

SEMI ANECHOIC CHAMBER

Uniform
field area

Incoming mains

Antenna Mast power filter

Field generation
antenna

Electric Field
Probe

Hon-Cunl:Iuﬂn‘e/
Tabla

T EUT | 3 Maters

Transmitting
Antenna

MISRRES S-
| -\-‘r Coamal Cable

RF Amplifier Directional

— Coupler

Interconnection
filter

Opticnal anechoic material
* in case of semi-anechoic
| chamber to reduce ground
» . reflection
EUT measurement Interconnecting
instrumentation cables
Chamber penetration
cables

Field generation
equipment

The test table to be used at the radiated immunity testing
shall be made of the none conductive material with a low
permeability. 1




Test Levels and Modulation Types

Test field strength
Level (V/m)

1 1

2 3

3 10

4 30

X Special
NOTE x is an open test level and the associated field strength
may be any value. This level may be given in the product
standard.

Pulse modulation for 800 MHz to 960 MHz
and 1.4 GHz to 6.0 GHz

Pulse Modulation

CW (unmodulated signal)

Period

l

Pulse
Duration

¢

—TiBiTAR—

UME

The dwell time of the amplitude modulated carrier at
each frequency shall not be less than the time
necessary for the EUT to be exercised and to respond,
but shall in no case be less than 0,5s.

The modulation type(s) and the test level to be applied
at the radiated immunity testing shall be chosen in
accordance with the product standard .

The step size shall not exceed 1% of the preceding
frequency value.

80% AM Modulation for 80 MHz to 1000 MHz

AM (80%)

A A
CW 80% higher peak / \
\ A,

* “GSM-like” pulsed RF, duty cycle 1:8 at 200 Hz

* “DECT-like” pulsed RF, duty cycle 1:2 at 100 Hz (Base station)
* “DECT-like” pulsed RF, duty cycle 1:2 at 100 Hz (Portable)
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Verification of the Radiated Immunity Test &

—TiBiTAR—

UME

» Before radiated immunity testing, test laboratory must perform verifications to ensure the
quality and precision of test results by means of verification as the verification can detect errors
beforehand in the test setup and prevent wrong testing.

System |

area of uniform fiel » The location and height of the transmitting
note 150 e s swengin antenna are adjusted as the field uniformity
5 S calibration.
SR - > The electric field probe is placed at any
15m point in the uniform area

antenna - same position
as for test (both
polarizations required)

» The test is started as if the radiated

S | T 4" 4' : :
e 'z 7% | immunity test was performed but the
f/ 1 e e 7 Toam o= modulation is chosen 0%.
| / N, al / » The values to be read on the electric field
- &7 ampreferred, Immin probe must be between the target electric
| field and the target electric field + 6 dB.
oo psmcencelo 7 el sienat mores »For example, for 3 V/m the electric field

probe placed in uniform area shall be read
values between 3 V/m and 6 V/m. Otherwise,
the test is not started before the problem is
solved.

to power amplifier
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Verification of the Radiated Immunity Test &

System |l TJMKE_

» The calibration of electric field probe shall be
performed according to IEC/EN 61000-4-3
(frequency response, linearity, isotropy) by an
accredited calibration laboratory and the calibration
factors shall be entered into the test software.

> If the TWT Amplifier is used at the test, the
internal noise of the TWT Amplifier should be
considered.

» The calibration of the signal generator shall be
performed by an accredited calibration laboratory
according to the modulation types to be used in the
radiated immunity test.

» The correctness of modulations (AM, PM) which
are applied in the radited immunity test and
generated by the software shall be checked with an
oscilloscope.




u u u @
Field Uniformity Measurements Yl
UME

> Size: 1.5 m x 1.5 m (16 points)

» —0 dB/+6 dB variation over UFA plane

» More than 75 % of points have to be within tolerance

» Larger sizes and partial illumination allowed for larger EUT
» Smaller sizes allowed for smaller EUT (including cabling)
» Located 0.8 m above floor

» Distance from antenna tip: minimum 1 m, preferred 3 m

The field uniformity calibration shall be performed at a level
1.8 times the specified test level; that is, for 10 V/m test, the
calibration is carried out at 18 V/m to verify the RF amplifier
has the ability to reach the required field when the 80% 1kHz
modulation.

area of uniform fieid

note 1=0) m
Ty

field strength
sensing head

M Pk A i LL T tk
| ] 1‘ , \ ) 'Nh Al
bl ﬂ l 4 ( vl

antenna - same position I 2
as for test (both v |_s= O 4 I -
polarizations required) ",_../ o - '
e - ‘ . |/
= A L) ! 'l. 4 O A
ireelleel o ' 04m |0.8m L
- ke - ' {note 1) i) “ﬂ
' - / vl
3m preferred, immin

/" fibre optic link to
field strength monitor

Relative Level (dB)

7 forward power monitor

4]
g
z
1

to power amplifier
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Saturation Measurements

—TiBiTAR—

Oulput Power (dBm)

Theoretical
Response

l

Compression Reglon

Actual Response

Linear Region

P1de (1 de compression power)

s

Input Power {dBm)

>3.1d8

/

Output Power [dBim)

Input Power (dBm)

e RF Amplifier
"

Reduce by 5.1dBm

5.1d8

Directional
Coupler
LU
Transmitting
Antenna

The difference shall be
31dB = A=51dB

UME

A linear relationship exists between the input power and the
output power over most of the operating range of an
amplifier. However, as the power level rises, limitations in
the supply voltage and current cause the output power to
increase at a slower rate than the input. This initiates
amplifier saturation

The chamber shall first be calibrated with the at a level 1.8
times the target test level that will be used for the EUT
testing. This calibration produces a list of powers required
at each frequency to achieve at 1.8 times the specified test
level in the uniform field. Subsequently, at each frequency,
the calibration power level is generated by the amplifier,
and then the signal-generator level is reduced by 5.1 dB.
The amplifier power level must fall by at least 3.1 dB for
the amplifier to meet the 2-dB linearity criteria and be
considered linear.

. . .| Uygulanan L.
Frekans |SinyalSeviyesi| .. "~ o . | FPWR | PC |FPWR-PC Limit Doyum
(MHz) (dBm) ya Sevivesl| (dBm) | @Bm) | (dB) (dB) Sonucu
(¢Bm)
80,00 13,30 -18.40 4497 | 4985 | 488 |3.1dB-51dB| PASS
80,80 13,80 -18.90 4471 | 4959 | 488 |3.1dB-51dB| PASS
81,61 -16,50 21,60 4307 | 4833 | 526 |31dB-5.1dB| PASS
82,42 12,20 17.30 46,43 | 51,41 498 [3.1dB-51dB| PASS
8325 14,60 -19.70 4311 | 4833 | 522 |31dB-5.1dB| PASS
84,08 14,00 19,10 4574 | 5084 | 509 |3.1dB-51dB| PASS
84,92 15,90 21,00 4434 | 4936 | 503 |31dB-51dB| PASS
85,77 12,30 -17.40 4579 | 50,79 | 500 |31dB-51dB| PASS
86,63 14,30 -19.40 4239 | 4719 | 480 |3.1dB-51dB| PASS
87,49 12,80 -17.90 4450 | 4943 | 493 |31dB-51dB| PASS
88,37 14,80 19,90 4393 | 4888 | 496 |3.1dB-51dB| PASS
89,25 -15,00 20,10 4395 | 4902 | 507 |31dB-51dB| PASS
90,15 16,20 21,30 4180 | 4693 | 512 |3.1dB-51dB| PASS
91,05 15,20 20,30 4126 | 4647 | 521 |31dB-51dB| PASS
91,96 11,40 16,50 4483 | 4985 | 502 |31dB-51dB| PASS
92,88 -16,30 21,40 4117 | 4637 | 520 |3.1dB-51dB| PASS
93,81 13,90 19,00 4422 | 4925 | 502 |31dB-51dB| PASS 66
94,74 14,60 19,70 4233 | 4716 | 484 |31dB-51dB| PASS




Harmonic Mesurements |

All amplifiers produce the harmonics unwanted
frequencies generated by system nonlinearities. The
level of these harmonics is dependent on the design

&)

UME

The use of the broadband transmitting antennas
also leads to a harmonics problem because the gain
of the broadband transmitting antennas usually has

—TiBiTAR—

and quality of the amplifier and worsens as the better gain at higher frequencies. This can increase
amplifier approaches saturation the level \of the harmonics compared to the
Maximum fundamental signal.
/ (Saturted]
; E= 15 N —
g:tp:t ! / f / \\\ =1 dE compressiog I . l AnteMa Gain!
wer . K ,f \\. 3 dB compressiof 10 \
248 Compressed 0’5-_I'f ..";‘ \ — 5 [T~
/ \ f \ = /
1dB Compressed 0 ;'.‘ \ ,ﬁ E 0 ,\\.//
i \ / “\ /, -
0.5 ! | J S
\ ' \ .10
1 \ /) \ /|| :
Input Power 0 1 2 3 time 94 7
https://www.testforce.com/testforce_files/Seminars/SpirentMedicalSeminar2016/ 20
SpirentMedicalSystemsMed.pdf s

30 100 200 300 400 500 600 700 800 900 1000
Frequency (MHz)

» When using a broadband receiving device for field calibration

such as a field_probe, it is not distinquish between different signals
(fundamental or harmonic) o N——

» High harmonics can contribute to the readings of the field probe
and produce error in the reading.

» This error will cause testing at the intended fundamental

frequency to be incorrect. 67




Harmonic Mesurements Il A

Radiating Antenna

Wrrm..

N

UME

» The harmonic measurements shall be performed
at a level 1.8 times the specified test level.

» The receiving antenna factors and RF cable
factors must be taken into account to obtain the
2th& 3t harmonic levels of the RF amplifier.

Contributions of Harmonics to Field Level for 10V/im

Directional 12.00
Coupler Eﬁg’
— =i 10.00 =S
Spectrum Analyzer - T ri-B.p4v. p
Eso00 S
= ! X
Power Meter §6.00 N A
" Amplifier Signal Generator s etin o) |||
http://www.microwavejournal.com/ext/resources/BGDownload/8/7/AppNote60.pdf?1520938749 LA Fieie Probe Output Resuit % ‘
2.00 = 2
0.00 ]
-30 -25 -20 -16 -10 -5 0 5
Harmonic Distortion of Field (dBc)
! l’
E :
2 L IEC 61000-4-3 requires that the level of
[iE]
g it S ] the fundamental signal measured at
= 2f
& T the uniform plane is 6 dB more than the
£ 3f
g T 1 A harmonics.
>
100 200 300

Frequency (MHz)
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What is Electrical Fast Transient (EFT)? |(INA
UME

Inductive loads such as relays, switch contactors, or
heavy-duty motors when de-energized produce bursts of
narrow high-frequency transients on the power
distribution system. These fast transients can also be
produced when the utility provider switches in or out the
power factor correction equipment. A common cause of
power line transients is sparking that occurs whenever an
AC power cord is plugged in, equipment is switched off,
or when circuit breakers are opened or closed. Figure
given below shows how transients are generated and
coupled to end equipment over power lines.

Transient
Pulse ./tC} /S / / :\._"

Equipment

Inductive
Load

http://www.cypress.com/file/138636/download 69
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» The purpose of the EFT/Burst immunity testing is to determine the effects of switching
transients caused by the interruption of inductive loads, relays, switch contactors, or heavy-
duty motors on the EUT.

» During the EFT/Burst immunity testing, the EUT shall not exhibit any malfunction,
degradation of performance, or deviation from specified indications, beyond the tolerances
indicated in the individual when subjected to the EFT/Burst pulse.

EFT/Burst Testing

Test set-up for table top EUT

Test set-up for floor-standing EUT

T Cable
Cable EUT Communication Cables
UnderTest EUgaEbc[};ver Under Test
T Insulating
AC Support (10cm)
AE 220VAC, ] g EUT
Capacitive Clamp 50Hz, 60Hz oo
— o i
I-_‘SA_"_Q 8 Capacitive Clamp ' By
L (P '1 — GRP Cable
- e &
Insulating Insulating
Support (10cm) Support (10cm) l ]
== Insulating Support
= Ground Reference
i -] as Planf: (GRP) =
L |
EUT Power Cable | o Generator EUT Communication
/ Cables
L
220VAC, g \
50Hz, 60Hz ° / :
S\ The connection between the

. /P & | output of the CDN and the

The EFT Generator and CDN has to be
connected with the reference ground in
low impedance manner.

|| coaxial adapter should be as
short as possible; but not to
exceed 0,1 m

ryJv
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EFT/Burst Test Levels and Pulse Shape

—TUBITAK—
The EFT/Burst test is performed on power lines, Test levels shall be selected according to specific
I/O data lines, /O control lines and earth wires product standards or generic standards that defines
of EUT levels in accordance with electromagnetic
environment.
Vpeak
10{}%-‘..-
90% feannenaes t=5nss 30%‘
Single tz= 50 ns = 30%
Pulse Test Levels for EFT/Burst Test
it I N Open Circuit Output Test Voltage and Repetition Frequency of the Impulses
Power Supply Terminal /O Signals/Data Terminals
10% e Level | peak Voltage | Repetition Rate | Peak Voltage | Repetition Rate
3 —> t(ns) (kV) (kHz) (V) (kHz)

05 5or 100 0.25 5or 100
1 50r 100 0.5 5o0r 100

Vpeak

2 5or 100 1.0 5or 100
4 5or 100 2.0 5or 100

£ =T I O I S T

Burst
Of Pulses

x® Special Special Special Special

The use of 5 kHz repetition frequency is traditional, however, 100 kHz is closer to
reality. Product committees should determine which frequencies are relevant for

e > > t(ms) specific products or product types.
With some products, there may be no clear distinction between power ports and
Vi signal ports, in which case it is up to product committees to make this

|
\
determination for test purposes.
a
Repetitive l "X" can be any level, above, below or in between the others. The level shall be

Bursis specified in the dedicated equipment specification

300 ms t(ms)

71



Verification of the EFT/Burst Test System 4‘@,_
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» The purpose of verification is to ensure that the EFT/Burst test setup is operating correctly
between calibrations. The EFT/Burst test setup includes the EFT/Burst generator, CDN,
capacitive coupling clamp, interconnection cables.

> To verify that the system functions correctly, the following signals should be checked.

* EFT/Burst signal present at the output terminal of the CDN,
* EFT/Burst signal present at the capacitive coupling clamp.

»Before EFT/Burst immunity testing, the
verification setup is established.

» Any channel of the oscilloscope is connected to
outputs of the EFT generator.

1 » Oscilloscope

Byt » The EFT/Burst pulse is applied by using clamp

Clamp T or directly on any input channel of the oscilloscope
) as if the EFT/Burst immunity testinf was performed.

| e ¥ » The values (voltage and time parameters) to be

(300 read on the oscilloscope shall be a level within
+10% of the target level.

» Otherwise, the test is not started before the

220VAC L] .
50Hz, 60Hz G} ® 1 problem is solved.
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What is Surge?

Surge is an unexpected, temporary, uncontrolled increase in Lightning
current or voltage in an electrical circuit. Transient overvoltages
on the ac power system are produced by events such as

» Lightning strikes

—TiBiTAR—

UME

» Load switching (Motors, Large loads, Capacitor bank switching)
» Source switching (Smart grid, Gensets, PV, Wind turbine)

» Faulty electrical wiring,

» Short circuits etc.

Coupling by  Rise in ground
W radiation potential

Direct
impact

Impact on overhead
lines

Voltage surge

Normal level

Affected network or
equipment

Short period
o 1| 73
http://www.citel.in/in/origin-of-overvoltages.html
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Surge Testing

—TiBiTAR—

UM

» The purpose of the surge immunity testing is to determine the effects of the unidirectional
surges caused by over voltages from switching and lightning transients on the EUT.

» During the surge immunity testing, the EUT shall not exhibit any malfunction, degradation of

performance, or deviation from specified indications, beyond the tolerances indicated in the
individual when subjected to the surge pulse.

Test set-up for floor-standing EUT The surge test is performed on power lines, 1/0O data
Cable

Under Test e lines, 1/O control lines and earth wires of EUT
EUT
CDN For AE
l0 Port
EUT Port AE Port
Surge Input
L +
Insulating Insulating
s 10 Support (10
e pport (10em) Test set-up for table top EUT
> N ——t Surge Cable
EUT Power Cable 00| Generator Suige  Fiihower  Underfed
/ Generator T .
220VAC | — Support (10cm)
5%%2’?0%1 2 50Hz, 60Hz
o/ \

CDN For

IO Port
AE Port

Grounding «
Cable

EUT Port

Ground Reference
Plane (GRP) i

If not otherwise specified the power cable between the

EUT and the coupling/decoupling network shall not EUTng‘gg;gicafwﬂ[
exceed 2 m in length.

(]



Surge Testing Waveforms 4@_
UME

Waveform of open-circuit voltage (1,2/50 us) at the
output of the generator with no CDN connected Waveform of open-circuit voltage (10/700 ps)
Usc normalized Uoc normalized
A 4
1,0 1,0
09 09
05 i
L i Tw 0.5
[ > B
0.3 - Tw -
L 0,3
0.1} B
0,0 - 01+
T r
I 0to-03 { L\ / ! 0.0 T ",
Front time: T,=1,67xT=12us5£30% Front time: T, =167 xT=10pus+30 %
Duration: Tg=T,=50pus+20% Duration: T,=T,=700us £20%
Waveform of short-circuit current (8/20 ps) at the Waveform of the 5/320 s short-circuit current waveform
output of the generator with no CDN connected —y
Isc normalized 1
A
1.0
1,0
09
09
05 - 0,5
03 [ = L. - Tu >
0,1 0,1
0,0 + b [
T t 0,0 -
0to-03 T, !
Front time: T,=1,25xT, =8us+20% b
Duration: Td:ma xTw=20 us + 20 % Front time: T,=125xT =5us+20%
Duration: Ty=T,=320 ps £ 20 % 75




Surge Testing Levels and Application

» Test levels shall be selected according to specific
product standards or generic standards that defines
levels in accordance with electromagnetic environment.

Test Levels for Surge Test

Open-circuit test voltage
Level
Line-to-line Line-to-ground ®
1 - 0.5
2 0.5 1
3 1 2
4 2 4
X Special Special

d "X" can be any level, above, below or in between the others. The level shall
be specified in the dedicated equipment specification.

b For symmetrical interconnection lines the test can be applied to multiple lines
simultaneously with respect to ground. i.e. “lines to ground”.

Line to line coupling

Decoupling network

AC/DC
Power Port
z

LAH’TNEY‘_J

| 18pF

==C

C
YOS

T

=
m

il

Earth reference

>

&,

4

—TiBiTAR—

UME

» Coupling: Line to line (differantial mode) and
line to ground (common mode)

» Polarity: Positive and negative

» Repetition rate: 1 per minute or faster

» Number of pulses: 5 (for each polarity)

> Phase angles: 0°, 90°, 180°, 270°
Line to ground coupling
10Q
A}FQUF
Decoupling network I
L ;TNW\—l
(& TRLT
g g N —< -LN\]:V\—':
<t S TC
PE J Earth reference

l 76



Verification of the Surge Testing System

equipment.

CDN For
/O Port

Surge Input

AE Port

220vAC, {0 Y

0
50Hz, 60Hz \ § )

sl
lzl Surge
00| Generator

g

<

» To verify that the system functions correctly, the following signal should be checked.
* Surge impulse present at the output terminal of the CDN

»Before the surge immunity testing, the verification
setup is established.

» Any channel of the oscilloscope is connected to
outputs of the surge generator.

» The surge pulse is applied by using CDN or
directly on any input channel of the oscilloscope as
if the surge immunity testinf was performed.

» The values (voltage and time parameters) to be
read on the oscilloscope shall be a level within
+10% of the target level.

» Otherwise, the test is not started before the
problem is solved.

—TiBiTAR—

UME

» The purpose of verification is to ensure that the test setup is operating correctly. The test
setup includes the combination wave generator, the CDN, the interconnection cables of the test

7f
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Conducted Immunity Testing A

»The purpose of this test is to determine the effects of electromagnetic disturbances coming
from intended RF transmitters in the frequency range 150 kHz — 80 (230) MHz on the EUT.

> During the the conducted immunity testing, the EUT shall not exhibit any malfunction,
degradation of performance, or deviation from specified indications, beyond the tolerances
indicated in the individual when subjected to radio frequency voltage or current on
interconnecting cables (mains, communication lines, interface cables).

UME

CDNs (Direct capacitive coupling)

Current Clamp (Inductive coupling)

EM Clamp (Capacitive and inductive
coupling)

78
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General Information About CDN

—TiBiTAR—

UME

» The CDNSs provide the appropriate common-mode impedance (150 Q) in order to obtain more repeatable
results.

» The CDN is used for appropriate coupling of the disturbing signal to the various cables connected to the
EUT and for preventing applied test signals from affecting other devices, equipment and systems that are not
under test.

» The calibrations of the CDNs and adapters to be used in the conducted immunity testing shall be
performed an accredited calibration laboratory at specified intervals.

The circuit diagram for M3 type CDN

AE or Tl /J'\ Fat
: power —& 5—& EUT
CDN common mode impedance supply — &
230 ‘ ‘ : .
210 N [l I I
‘ ‘ AE replaced
190 - S R T S e N by150morD &
‘ level setting - 30mm
_ 170 B \
< 150 Lo =9 GRP adapter and measuring instrument
E ‘ T ‘ for level setting
T 130 ! LT
E ‘ ‘ | ¥\\__/\ signal generator and
110 | ~ power amplifier 6dB attenuator
‘ ‘ CDN Type of Cable
70 4 | [ A | I
‘ ‘ M Series Power Line
50 ‘
0 ! Frequenty (MHz) 100 1000 C Series Shielded Coax

https://www.com-power.com/cdn-m325e.html

AF Series Unshielded Signal Cables
S Series Shielded Signal Cables

T Series Unshielded Balanced Pairs

79
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IMF

» The electromagnetic (EM) clamp is a high efficiency broadband clamp-on injection device developed to
test the immunity of electronic equipment when the standard IEC 61000-4-6 CDN using the direct capacitive
coupling technique is not possible nor appropriate. The EM clamp is often used to test unshielded multiple
conductor cables. The EM-Clamp is used, when a CDN is not possible, e.g. for shielded or complex cables.
The clamp and the separate decoupling clamp are placed around the cable.

General Information About EM Clamp

current probe monitor needed
if AE c-m impedance # 150Q

EUT
EM-clamp

AE replaced LF ferrites HF ferrites
by 150Q for

level setting

coupling foil strip

AE

adapter and measuring instrument
for level setting

signal generator and ferrite sleeve
power amplifier  6dB attenuator

http://www.teseq.com/media/docs/support_downloads/technical-information/wallcharts/LF_and_RF_immunity.pdf

Typical examples for decoupling factors, 3 typical clamps 5 Typical examples for coupling factor, 3 typical clamps
0 T e o mEEmm -
- S R ! Bl Pl TS S B AR A =
Tt et ]
teslaL |1 AR | I | NN e
A N ~ 1 + + 1 +—1 . T =
o T | R —
g vy ]
Ak _ B
= 38 vid g = i
% \‘ r| N /
= Wy S 5
L 10 3
-12} 2
[=%
=]
14 S
10
16
-18
90 | | | [ 15
0,1 10 100 100,0 01 1.0 10 100 80

Frequency (MHz) Frequency (MHz)
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General Information About Current Clamp ||IN
IIMF

» As per IEC 61000-4-6, an injection clamp should be used only when there is no commercially available
CDN for the type of port(s) to be tested. Unlike the CDN, a clamp does not provide the decoupling functions
or establish the required impedance. Therefore, the flow of current is not controlled, and a current monitoring
probe must also be installed on the line(s) under test to ensure that the current does not exceed the
maximum required current.

Equivalent circuit of the injecting current clamp

Injecting current clamp with test jig

l
l

1]

Lw Vw

A

A

(

o o

g

Typical insertion loss for injecting current clamp

0 T
The required performance of the current 5 | ! f il
clamp is such that the increase of the g . /f“” L L]
transmission loss of the test jig, produced by 2 4 | L , | , |
the insertion of the current clamp, shall not gm V ;| , \
exceed 1,6 dB. - V| |
1 T
0.01 0.1 1 10 100

https:/assets.tequipment.net/assets/1/26/Com-Power_CLCI-100_-_Data_Sheet.pdf Frequency (MHz) 81



Calibration Setups for CDN, EM Clamp and &

Current Clamg _lTJMf

» Before conducted immunity testing, a calibrated drive levels corresponding to the test levels as per the
table below shall be established on the suitable coupling device (CDN, EM clamp or current clamp) to be
used at test.

» The open circuit test levels (e.m.f.) of the unmodulated disturbing signal, expressed in r.m.s., are given in
table below.

The CDN including adapters and the adapters of
the EM clamp have to be connected with the
reference ground in low impedance manner.

150/500
Adapter

- -
..
1500
Termi\natinn

Test levels shall be selected according to specific
product standards or generic standards that defines
levels in accordance with electromagnetic environment.

e o mly = ke

Test Levels

Frequency range 150 kHz to 80 MHz
Voltage level (e.m.f.)
Attenuator 1504500 e Level UO UO
RF Amplifier Adapter Termination \ dB(uV)
_— 6 dB
Dcl;rectlonal Aftenuator 1 1 120
oupler
2 2 3 129.5
! Computer
o = 3 10 140
g : =]
0, Signal Generator Power Mete | . .
= e p— X Special
(5
2 a "X" can be any level, above, below or in between the others. The level has to be
Lt specified in the dedicated equipment specification. 82



Verification Setup for CDN
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» The purpose of verification is to ensure that the test setup is operating correctly.
» To verify that the system functions correctly, the following equipment should be checked.

* The signal generator, the RF amplifier, the CDN+adapter, and the RF path (cable and attenuator).

Verification setup for CDN

Spectrum Analyser

© Ground Plane

_ e
i con e

Attenuator

S0
Terminaticn

RF Amplifier

Directional
Coupler

GPIB Cable

e e e P i bl i P 5 |

» Before conducted immunity testing, the verification setup
is established for each CDN.

» The test is started as if the conducted immunity testing
was performed but the modulation is chosen 0%.

» The values to be read on the spectrum analyser or the
EMI receiver shall be a level within £20% of the target level
(The RF cable loss and the attenuator factors shall be taken
into account).

» For example, for 10 V the spectrum analyser or the EMI
receiver shall be read values between 2V (126dBuV) and
1.3V (122.5dBpV). Otherwise, the test is not started before
the problem is solved.

(1 (2) (3)
RF Amplifier impedance (1)
CDM Impedance(2)
100-50 Adapter Impedance(3)
EMI Receiver Impedance (4)

M}g 500

v

I=s6F 1007 100750

v v
Vi = m-‘f-ﬁﬂ Vew =g

20log(Vey) = 20log(Vx10®) — 20l0g(6)

—TiBiTAR—



Verification of the Test System for EM Clamp orf|[RZ
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Current Clamg

» The purpose of verification is to ensure that the test setup is operating correctly.
» To verify that the system functions correctly, the following equipment should be checked.

* The signal generator, the RF amplifier, the EM clamp, the injection and monitoring probe, and the RF path
(cable and attenuator).

Verification setup for EM Clamp or Current Clamp > Before conducted immunity testing, the verification
setup is established for the EM clamp or the current

i clamp.
e e 'é i » The test is started as if the conducted immunity
' testing was performed but the modulation is chosen 0%.
Ei %_ : T mIa . > The values to be read on the software shall be shall
-=-4
) I
1

1500
Termination

Prabe Tairmaon % be a level within £20% of the target level.

» For example, for 10 V the test software shall indicate
the values between 40mA (92dBpA) and 26mA
(88.5dBuA). Otherwise, the test is not started before the
problem is solved.

Spectrum Analyser Manitaring
¢ ¥ Probe

EM Clamp
1500 Termination (1, 2) 2
_ R Maonitoring Probe (3) -
= E% Injection Clamp (EM Clamp or Current Clamp) (4} g =
=3
= b 4 bl
2
Directional A
Coupler
= =
! Computer Source
o =
=l "~
O Power Mete .
m 5 i -
T Fmey R [ —_ =
5 fa caa| ST . :
| =Rl - S—— | 150 + 150 20logiVewy ) = 20log(Ve10®) — 20log(6)
LT ] e D T R Py — ke — e ) o oty — ot ik

¥V = IxR = Ix504}

* 200ogiley) = 20log(Vx10%) — 20log(6) — 20l0g(50)

Viewr =—
Lo 200og(l gy = 200og(Vx10®) — 49.6

¥
vl"ﬂfi = mISH

=

84



Performing of Conducted Immunity Testing

The appropriate injection method given following
is chosen for the EUT to be tested.

Selecting
injection method

P
’7 YES “_applicable? "0

<
Use CDN injection /,L\
751 il "\\
= e
VES—{ Screened cable? ;»—‘

=L 3 >

oo e NO
.
.-"/ \\\
i " Is EM clamp or b
NO <. current clamp injection -~ YES
. applicable?
. g
T 4 Check the following requirements

-

1. 150 Q AE impedance
Il. Test setup can meeet Figure 5

Use direct injection
7.8 ll. AE sufficiently immune

L

.
.

YES < Canrequremens -
S~ bemet? NO

. ‘

1) See Table 4.

o

2) See 6.24

Use EM clamp or current

clamp injection 7.7

Use EM clamp or current
clamp injection 7.6

The sensitive frequencies (e.g. clock frequencies
or frequencies identified by the manufacturer or
obtained as outcome of the test) shall be
analyzed in addition to the stepped frequencies.

&)

—TiBiTAR—

UME

The frequency range is swept from 150 kHz to
80 (230) MHz, wusing the signal Ilevels
established during the setting process, and with
the disturbance signal 80 % amplitude
modulated with a 1 kHz sine wave, pausing to
adjust the RF signal level or to change coupling
devices as necessary.

Where the frequency is swept incrementally, the
step size shall not exceed 1 % of the preceding
frequency value. The dwell time of the amplitude
modulated carrier at each frequency shall not be
less than the time necessary for the EUT to be
exercised and to respond, but shall in no case
be less than 0,5 s.

80% AM Modulation for 150 kHz to 230 MHz

AM (80%)

80% higher pe kA // I
1gnher a
CW g ' \
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Conducted Immunity Testing 4@_
’W‘ Test Setup for EM Clamp U M E

Maonitorin
EM Clamp probe .

\

Insulating

Support (10cm) Insulating

Ground Plane
Support (10cm)

Attenuator

RF Amplifier

Attenuator

Directional
Coupler Spectrum Analyser
-l'_l—- Lt -

_GPIBCable

Directional
Coupler

Test Setup for Current Clamp

Injection Maonitoring
Insulating Probe prabe _
Support (10cm) \\ - Insulating

Suppart (10cm)

_GPIBCable

Ground Plane

The current monitoring probe shall be used in
between the injection clamp (EM clamp or

RF Amplifier

Aftenuator

Directional
current clamp) and the EUT, and current shall be i Spectrum Analyser

1 [

monitored. If the current exceeds the nominal
circuit value, the test generator level shall be

reduced until it reaches max value. aﬁliﬁmi | w000 §
lhax = Up/150Q i S I 36

Computer

Signal Generator

_GPIBCable




Saturation Measurements

v

—TiBiTAR—
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Linearity Measurement Setup

— L
1500
Termination

1504500
Adapter

I I |

3.1t0 7.1dB
Increase
5.1dB Increase
%pfdrum Analys:i[_ﬂ_
1
CW Input
Level
required for
10Vemf
Taraet Output of Signal Level of Level of EMI
( ngV) Generator Power Meter Receiver
H (dBm) (dBm) (dBuVv)
X (140) A B C
Y (145.6) D (A+5.6) E F
_ ) E-B=A F-C=A
Y - X=56 D-A=56dB 3 1<A<T A 3 1<A<7 A

If the difference is between 3,1 dB and 7,1 dB then the
amplifier is in tolerance and the
sufficient for testing at the selected test level. If the
difference is lessthan 3,1 dB or more than 7,1 dB then
the amplifier is non linear and is not suitable for
testing.

_GPIBCable

-

test system s

Aftenuator 150/500 -

Adapter

1500
Termination

Directional .qngnduE;lamr
Coupler '
—

Computer
g!
= —=

L e e LA,
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Harmonic Mesurements A
UME

All amplifiers produce the harmonics unwanted Harmonic Measurement Setup
frequencies generated by system nonlinearities. The

level of these harmonics is dependent on the design =

and quality of the amplifier and worsens as the - A —is0
amplifier approaches saturation: sam0n
Adapter

Maximum

Compression
/ (Saturated)
!‘ - P —
,i' 1 |

Qutput
Power

.; 0 B compressio
3 dB compressiofl
I !

Spectrum Analyser
I e

0,51/
2dB Compressed ]

1dB Compressed 0

Amplifier Starts
to Compress

Input Power 0 1 2 3

time

Attenuator 150500 - s

Adapter Termination /
& dB

https://www.testforce.com/testforce_files/Seminars/SpirentMedicalSeminar2016/

SpirentMedicalSystemsMed.pdf RF Amplifier

. . Directional
Harmonics may cause an EUT failure where the Coupler B
EUT is robust at the intended fundamental . oesgin
frequency but not robust at the harmonic frequency. g , =
. . 0, Signal Generator Power Wete : I
The false failure would be recorded incorrectly and e ] o
o s i

may lead to an incorrect redesign.

— — — — — 4

A l IEC 61000-4-6 requires that within 150 kHz and 80
(230) MHz, any spurious signal shall be at least 15
dB below the carrier level, measured at the EUT port

> 15dBc N

Level {dBuV)

28 of the coupling device. The harmonics and distortion
T ¥, T are measured in continuous wave (CW) at 1,8 times
T i the test level without modulation.
10 20 30 88

Frequency (MHz)




Effect of Common Mode Impedance on &
Conducted Immunity Testinc L=

CDNMethod = b ' ‘ T ————————————
E | —a— Setup with actual mains 100+ -
. < ; 4
) L 510000 —+— Setup with CDN 2
. Q Q 90
Q ~
= )
3 5 80}
® 1000} =
£ O 70t
& g
S S 60}t —=— Current in setup with CDN
100% ® |—+— Current in setup with Mains
10 20 30 40 50 60 70 80

10 20 30 40 50 60 70 80

: Frequency (MHz) Frequency (MHz)
o 15 T T . T T ——T

T

T 10} _

o

3 5 \A .

= 0

2 -5

§ T 1 T T 1 T T T
g -107—=— Theoretlcal CM current factor 100}

; .5 —e— Experimental CM current factor

10 20 30 40 50 60 70 80
Frequency (MHz)

Loop Current (dBuA)
(]
o

32
® [
o 241 5 24 7
o L0} 4 : =
@ 20F 29 60k " Current in Setup with CDN
g o I—— Corrected Current in Setup with Mains
v 16] 516 s
2 12} z 010720 30 40 50 60 70 B
© 312- 10 20 30 40 50 60 70 80 90
2 sl : £ gl ] Fregeuncy (MHz)
E — = — Susceptibility in setup with CDN ‘i. § ﬂ 4l Susceptibility in setup with CDN
~ [[—— Susceptibiliy in setup with Mains “' —e— Susceptibiliy with CF in setup with Mains

0 1 1 L 1 1 1 |
1 0 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80
Frequency (MHz) Frequency (MHz)

Cakir, S., Sen, O., Acak, S., Azpurua, M., Silva, F., Cetintas, M. "Alternative Conducted Immunity Tests", IEEE Electromagnetic
Compatibility Magazine, 5:3 (2016) : 45-51 89
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Loop Impedance (Ohm)

Temperature (degree)

Support Effect on Conducted Immunity Testing
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—— Styrofoam
Molding
Wood

T
0 20 40 B0 80 100 120 140 160 180 200 220
Frequency (MHz)

The support to be used at the
conducted immunity testing shall
be made of the none conductive
material with a low permeability.

Sen, O., Cakir, S., Acak, S. "More Insight into Conducted Immunity Tests and Investigation of Support Influences”, Asia-Pacific

International Symposium on Electromagnetic Compatibility (APEMC), Seul (20-23/06/2017) : 3 p.
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50Q Load and Grounding Effect on Conducted ||IK;

Immunity Testinc TJMF

Grounding scenarios setups
Common Mode Impedance
~1000 \
)
E
=
9.
= 100
8 i Reference
3 " — Grounding with thick cable |
= Grounding with thin cable
- Paper under CON
10 T 1

50 100 150 200
Frequency (MHz)

(a) reference setup, (b) very bad grounding with paper, (c) grounding with
thin cables, (d) grounding with thick cables

50Q load scenarios setups Common Mode Impedance
10000
‘@ l Reference
E —— Open Circuit
0 1000¢ - Short Circuit
Q B
[&] L
C 3
©
T 100}
o F
£ i
10

50 100 150 200
Frequency (MHz)

Sen, O., Cakir, S. "Improved Just-Before-Test Verification Methods with VNA for Conducted EMC Tests ", IEEE International Symposium on
Electromagnetic Compatibility 2018, August:art. no. 8485179 (2018) : 488-493 91




Magnetic Immunity Testing

»Electronic products are often subjected to
magnetic fields at AC mains frequencies.
These fields are frequently produced in the
vicinity of power transformers and can cause
problems with video displays, Hall effect
sensors, and other electronic products having a
sensitivity to magnetic fields

The flow of electrical
energy from the
generation plant to the
customer.

Along the way there
are different types of
sources of power-
frequency magnetic
fields

[:
Overhead distnbution

The PFMFs sources
and techniques can be

classified according

to their origin:

*Power lines
*Underground cables
*Complex sources
(e.g. substations)

Examples of items that are sensitive
to external magnetic fields

Oscilloscopes, medical =
monitors, etc (using CRT o @
displays) M& > B
= £ | =
i e =) 111 o9
|
| PC monitors
iy - (traditional CRT types)
\ — — PC hard disc drives

PC floppy disc drives

A I#E

Moving coil microphones
and ear phones |'
|

[
[
I
pod
-

.ll =
TV's (traditional CRT type)

Video & tape recorders “

and players J

Electric guitars

Loudspeakers

https://emcfastpass.com/wp-content/uploads/2017/04/61000-4-8_guide.pdf

¢
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Performing of Magnetic Immunity Testing and ||IK}

Test Levels UME

»The purpose of this test is to determine the effects of magnetic fields coming from AC mains
frequencies (50Hz or 60Hz) on the EUT.

» During the the magnetic immunity testing, the EUT shall not exhibit any malfunction, degradation of

performance, or deviation from specified indications, beyond the tolerances indicated in the individual
when subjected to magnetic fields.

. . a
Test Levels for Contionus and Short Duration
Magnetic Field Strength | Magnetic Field Strength for
Level for Continuous Field Short Duration:1sto 3 s
) ) Twisted
1 1 n.a.lb cable length !
maximum 2 m g Iy
b P — i
2 ; S BUA
3 10 n.a. \
4 30 300 D‘J
5 100 1000
x? Special Special / ~ /
2 "x" can be any level, above, below or in between the other levels. This level can be : )
given in the product specification. Floor-standing equipment
° "n.a." not applicable

l_ 7 | L|
{ H
Table-top equipment :EUTI ’I :
P H
- _ ";’P I __+
A== 9 ~E TR
EmiBori{l= 2 = e
~ :'l Ho|l o [~ H_f T S I AV AR
I / / L/ /
| Lz / Y /
bea I -rv ff GPR !‘J’
- T / N / 93



Typical Effect of Magnetic Immunity Testing on
EUT




Verification of the Magnetic Immunity Test &

System

» The purpose of verification is to ensure that the test setup is operating correctly.

—TiBiTAR—

UME

» To verify that the system functions correctly, the following equipment should be checked.

* The test generator, the twisted cable and the inductive coil.

Verification setup for Magnetic Immunity Test System

Test Generator

o -
-y .:"_ I % T
Ny " =1
gl [
Twisted cable | |

Inductive Coils
Tmx 1m
or
Tmx 2.6m

max. 2m > 2
Field Probe

> An appropriate magnetic field sensor shall be used to
verify the magnetic field strength generated by the
inductive coil.

»Before magnetic immunity testing, the verification
setup is established.

»The magnetic field sensor shall be positioned at the
centre of the inductive coil (without the EUT) and with
suitable orientation to detect the maximum value of the
field.

» The test is started as if the magnetic immunity testing
was performed.

» The values to be read on the magnetic field sensor
shall be a level within £10% of the target level

» For example, for 10 A/m the magnetic field sensor
shall be read values between 9 A/m and 11 A/m.
Otherwise, the test is not started before the problem is
solved.
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Voltage Dips, Short Interruptions and Voltage |||K4
Variations Immunity Tests TJMKE_

The voltage dips and the short interruptions can be caused by a wide variety of phenomena
and can cause equipment to operate unreliability, and in some cases, can damage the
equipment. Faulty loads on an adjacent branch circuit, for example, can cause a circuit breaker
to trip, and high-power loads such as welders, motors and electric heaters can cause voltage
variations. Natural events, such as power lines downed by storms or lightning strikes, may also
disrupt mains power.

RMS Voltage Variations
Sag Swell Interruption

M)
L

100 |-

96



Voltage Dips, Short Interruptions and Voltage |||K4

Variations Immunit

5 (rms.)

—
100 tr Voltage rising time

tr Voltage fall time

t; Time at reduced voltage

0%

U {rms. p‘

i Is
] R

A tqg Time for decreasing voltage
Ut (rm.s.) ti Time for increasing voltage

100 %

70 %

ts Time at reduced vnlrngc/—
|
|
!

—

100 %
tr Voltage rising time
ty Voltage fall time
t: Time at reduced voltage
It

—

Tests

The voltage dip is a sudden reduction of the supply
voltage below a certain voltage level (the dip
threshold, the common values are 40 %, 70 % and
80 % of the rated voltage) followed by recovery after
a short time interval

The short interruption is a sudden reduction of the
supply voltage on all phases below a certain voltage
level (the interruption threshold, a common value is
0 % of the rated voltage) followed by restoration
after a short interval.

The voltage variations are caused by fault
conditions, the energization of large loads which
require high starting currents, or intermittent loose
connections in power wiring. Depending on the fault
location and the system conditions, the fault can
cause either temporary voltage drops (sags), voltage
rises (swells).

—TiBiTAR—
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Voltage Dips, Short Interruptions and Voltage
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Variations Immunity Tests UME

»The purpose of this test is to determine the effects of voltage dips, short interruptions or
voltage variations occuring at the AC power mains (50Hz or 60Hz) on the EUT.
» During the the voltage dips and/or interrupts immunity testing, the EUT shall not exhibit any

malfunction, degradation of performance, or deviation from specified indications, beyond the
tolerances indicated in the individual when subjected to dips and/or interrupts on the AC power

mains.

Preferred testlevel and durations for voltage dips
Test level and durations for voltage dips (ts) (50 Hz/60 Hz)

Classa
Class 1 Case-by-case according to the equipment requirements
Class 2 0 % during % 0% during 1 70 % during 25/30¢ cycles
cycle cycle
Class 3 0 % during % 0 % during 1 40 % during 70 % during 80 % during
cycle cycle 10/12¢ cycles 25/30¢ cycles 250/300¢ cycles
Class Xb X X X X X
a  Classesas per [EC 61000-2-4; see Annex B. EUT

Test Generator

b To be defined by product committee. For equipment connected directly or indirectly to the public network, the levels

must not be less severe than Class 2.
¢ "25/30 cycles”" means "25 cycles for 50 Hz test" and "30 cycles for 60 Hz test". T
Preferred test level and durations for short interruptions
Classa Test level and durations for short interruptions (ts) (50 Hz/60 Hz) E
Class 1 Case-by-case according to the equipment requirements 00
Class 2 0 % during 250/300¢ cycles
Class 3 0 % during 250/300¢ cycles
Class Xb X
a (lasses as per|lEC 61[}00-2-4|; see Annex B.
b To be defined by product committee. For equipment connected directly or indirectly to the public network, the levels 220VAC, Q \
must not be less severe than Class 2. 50HZ, 60Hz g }. @
¢ "250/300 cycles” means "250 cycles for 50 Hz test" and "300 cycles for 60 Hz test". l
Timing of short-term supply voltage variations )
Voltage test level Time for decreasing volt- | Time at reduced volt- Time for increasing voltage
age (t4) age(ts) (ti) (50 Hz/60 Hz)
70 % Abrupt 1 cycle 25/300b cycles
Xa Xa Xa Xa

98

a  To be defined by product committee.
b "25/30 cycles" means "25 cycles for 50 Hz test" and "30 cycles for 60 Hz test".




Verification of the Test System

&)
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» The purpose of verification is to ensure that the test setup is operating correctly.
» To verify that the system functions correctly, the following equipment should be checked.

* The test generator

Verification Setup for Voltage Dips, Short Interruptions
and Voltage Variations Immunity Test System

— Oscilloscape

Test Generator

T
-]

00

220VAC, ("0 Y @
50Hz 60Hz \ S jl_

»Before voltage dips, short interruptions and voltage
variations immunity testing, the verification setup is
established.

» Any channel of the oscilloscope is connected to L — N
ports of the test genetaor.

» The test is started as if the voltage dips, short
interruptions and voltage variations immunity testing
was performed.

» The values (voltage and time parameters) to be read
on the oscilloscope shall be a level within £10% of the
target level

»Otherwise, the test is not started before the problem is
solved.

k)
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