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APPLICATIONS

/ IEC Testing / Aerospace & Defence / Electrical Vehicles
/' Harmonics Emission / DO 160 / Voltage fluctuations
/ Harmonics Immunity / MIL STD 704 & 461 / HV Pulses
’ Flicker / Boeing D6-16050-4 / Ripple on DC
/ Dips & Interrupts  Airbus ABD100.1
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INTRODUCTION - POWER ANOMALIES

Variationscof themains parameters

A 4

A variations of amplitude

- drops & interrupts

Network - superimposed disturbances (ripple, noise,
Us Up modulations, etc.)
A variations in frequency
]

- changes in fundamental frequency
- superimposed higher frequencies (harmonics &

Y=[ <er <Q interharmonics)
A influence of mains impedance
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IEC TESTING
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HARMONICS - EMISSION VS. IMMUNITY

— M5
ég IEC 6100@-x

m @ Emission

IEC 610043-x
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APPLICATIONS - IEC CATEGORIES

Table B.1 - Principal electromagnetic disturbances

Conducted low-frequency phenomena:
a) Harmonics, interharmonics

b)  Signals superimposed on power lines
c)  Voltage fluctuations

d) Voltage dips and interruptions

e) Voltage unbalance

) Power frequency variations

a) Induced low frequency voltages

h)  DC component in AC networks

Radiated low-frequency field phenomena:
a)  Magnetic fields

1) continuous

2) fransient

b)  Electric fields

Conducted high-frequency phenomena:
a) Induced voltages or currents

1) continuous wave

2) modulated waves
b)  Unidirectional transients®

c)  Oscillatory transients?

Radiated high-frequency field phenomena:
a)  Magnetic fields
h) Electric fields
c) Electromagnetic fields
1) continuous waves
2) modulated waves

3) ftransients®

Electrostatic discharge (ESD) phenomena

High power electromagnetic transients, including the high altitude electromagnetic pulse (HEMP) and the

high power electromagnetic (HPEM) threat

2  single or repetitive (bursts)

B single or repetitive
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OVERVIEW - |IEC STANDARDS

COMPLIANCE TEST SOLUTIONS

Immunity Emission Instrumentation
.
.2 eSS = =
g IEC 61000-4-13 Harmonics, IEC 61000-3-2 Limits for IEC 61000-4-7 General guide
c Interharmonics, mains signaling harmonic current emission on harmonics and
S IEC 61000-4-14 Voltage fluctuation CKmc ! 0 interharmonics
T . measurements and
IEC 61000-4-27 Unbalance in three IEC 61000-3-12 Limits for instrumentation
phase systems harmonic current emission
|EC 61000-4-28 Variation of power KT p! 0
frequency
IEQ IEQ
f -
g IEC 61000-3-3 Standard for flicker IEC 61000-4-15 Flickermeter
O and voltage changes )Kmc ! 0 IEC 60725 Flicker Impedance
[
IEC 61000-3-11 Standard for flicker
and voltage changes OKT p ! 0
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HARMONICS EMISSION

Harmonics

PHENOMENA

/ Measurement of the harmonic currents

injected into the (low voltage) public mains
network.

/' Harmonic currents are created by electrical
devices with a non-linear load behavior.

STANDARDS

Hamnics

~

IEC 61000-3-2 (<16A)
IEC 61000-3-12 (<75A)
IEC 61000-4-7

other harmonic emission standards

~

~

~



DEFINITION HARMONICS

Harmonics are sinusoidal voltages or currents having frequencies that are * i/
whole multiples of the frequency at which the supply system is designed t ; t
operate (e.g. 50Hzor60H2). =

N %
NS

111111

50 Hzc no harmonlc

A 150 Hz singvave signal, superposed onto the fundamental mains
frequency, will be designate as th& Barmonic or as
the harmonicof 39 order (3 x 50 Hz).

UA\ v, 50 Hz + 3 harmonic 30%

Us
r\/\/\ v
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TIME DOMAIN VS. FREQUENCY DOMAIN
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hl 100% hl 100% hl 100% h7 30%
h2 10% h2 10% h9 20%
h3 20% h3 20% h10 10%
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POTENTIAL SOURCES OF HARMONICS

ASwitched mode power supplies
ADimmer‘s

/&Cu rrent Regulators

A_ow power consumption lamps

AFrequency Converters @j/
A/oltage source inverters with pulse width modulated converters

/&Electrical arc-furnaces Arc welding machines 1~é
Alnduction motors with irregular magnetizing current associated | N

with saturation of the iron
/&Computer & TV equipment

AAII equipment‘s with built-in switching devices as also /or E
with internal loads with non-linear voltage/current characteristics.
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STANDARDS - IEC 61000-3-2 m

Electromagnetic compatibility (EMC) - Part 3-2: Limits - Limits for harmonic current
emi ssions (equipment 1 nput current O16 A per $Q§L

g

/- Applicable taall electrical and electronic equipment having an input current up to and mcludm
per phase and intended to be connected to public lexsltage distribution systems.

/ Excludedrom that are the following categoriesof equipment
/- Equipmentwith a rated power o5 W other than lighting equipment
- Lighting equipmenwith a rated power oW
/ Professional equipmemith a total rated powerkl kW
/- Symmetrically controlletieating elementwith arated poweri200W

 Independent phase control dimmers:
- with a rated powepKl kW forincandescent lamps
- with a rated powenK H n n tradling®d@&dimmers for lighting equipment other than incandescent
lamps
- with a rated powerKm n 1 [2adifgZzdgk dimmers/phase control dimmers for lighting equipment
other than incandescent lamps
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EQUIPMENT CLASSIFICATION

Class A - Balancedhree-phaseequipment
- Household appliances excluding equipment identified as Class D
- Vacuum cleaners
- Tools excluding portable tools
- Independent phase control dimmers
- Audio equipment
- Equipment not specified in one of the three other classes shall be consic
as Class A equipment.

Class B - Portable tools
- arc welding equipment which is not professional equipment

Class C - Lighting equipment

Class D - Equipment having a specified power < 600W of the following types:
- Personal computers and personal monitors;
- Television receivers (TV).

Special Test Vaccunxcleaners, high pressure cleaners, refrigerators with VDS

condition
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LIMITS EXAMPLE

6.3.3.4 Application of limits

The average values for the individual harmonic currents, taken over the entire test

observation period shall be less than or equal to the applicable limits. Table 1 — Limits for Class A equipment

For each harmonic order, all 1,5 s smoothed RMS harmonic current values, as defined in H - 4 Maxi i=sibl
6.3.2 shall be either: armonic orasr AX1Imum _pElI'I1I55-I 2
bt - harmonic current
k A
a) less than or equal to 150 % of the applicable limits, or
. - ) - . Odd harmonics
b) less than or equal to 200 % of the applicable limits under the following conditions, which
apply all together: 3 2,30
1) the EUT belongs to Class A for harmonics, & 1.14
2) the excursion beyond 150 % of the applicable limits lasts less than 10 % of the test 7 0,77
observation period or in total 10 min (within the test observation period), whichever is o 040
smaller, and '
3) the average value of the harmonic current, taken over the entire test observation 1" 0.33
period, is less than 90 % of the applicable limits. 12 0,21
Harmonic currents less than 0,6 % of the input current measured under the test conditions, or 15 <k £ 30 U.15E
less than 5 mA, whichever is greater, are disregarded. i
Even harmonics
For the 215t and higher odd order harmonics, the average value obtained for each individual 3 108
odd harmonic over the full observation period, calculated from the 1,5 s smoothed RMS '
values according to 6.3.2, may exceed the applicable limits by 50 % provided that the 4 0,43
following conditions are met:
0,30
* the measured partial odd harmonic current does not exceed the partial odd harmonic A< k<4 DEEE
current which can be calculated from the applicable limits; B T h

* all 1,5 s smoothed RMS individual harmanic current values shall be less than or equal to
150 % of the applicable limits.

These exemptions (the use of the partial odd harmonic current for the average values and the
200 % short term limit for single 1,5 s smoothed values) are mutually exclusive and shall not
be used together.
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STANDARDS - IEC 61000-3-12

IEC 61000-3-12 Ed.2: Electromagnetic compatibility (EMC) 7 Part 3-12: Limits 1
Limits for harmonic currents produced by equipment connected to public lowvoltage
systems with I nput current >16 A and O 75 A per phase

/- concerns higher power EUTs which are mostly industrial equipment

/- mainly three phase equipment

/ measured are the harmonic currents generated (emitted) by the EUT

/ the impact of the generated harmonics dependRsce the ratio between the
impedance of the mains network and the impedance of the EUT

 the limits applied depend oRsce
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MAINS QUALITY FROM THE VIEW OF THE POWER DISTRIBUTORS

w ThestandardEN 5016@efiniesfor the quality of the mainspower atthe PCGPointof Commom
Couplingminimumrequirementsconcerningthe voltagewaveform

wThe electricity supplier makes sure that these requirements are met and allows only those
consumers to connect which guarantees the compliance with EN 50160.

wTo ensure the quality of the power grid, the harmonics of the user equipment are limited.

Voltage and Impedance Current waveform ? Immunity and Emission
EN 50160 Connection point EMVG
PCC Rectifier
‘ for the user D,A,CZ EN 61000-2-x
? EN 61000-3-xx
Network operator <——> Customer Device manufacturer
A Mains quality w No interferences to other

users w Safe operation in the

installation
w Immunity from the mains
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TEST SETUPS

Single Phase Three Phase
Source Harmonic Meter
M Harmonic Meter Ok
e I
h
L1 —=
O 1 Cr ~—@—I_' o o
Iy | — Zg N '
T Ul
L2 L] L] Ih
—l
Source st L . — o
) Zg ' Zm .
3 u EU s EUT
I
@) L3 .
—{::)—| ] o —1 o
Y ZS ZM
> £ N
IEC 1 1
Zs Iy
L |
IEC
Key
=] power supply source Zy input impedance of measurement egquipment
M measurement equipment Zg Internal impedance of the supply source
EUT equipment under test I, harmonic component of order h of the line current
u test voltage = open-loop voltage of the supply source
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IMMUNITY - HARMONICS AND OTHER DISTURBANCES

PHENOMENA

LLLLL

/ Tests if a device isimmune against
disturbances coming from the (low voltage)
public mains or DC network

/ simulation of harmonics & interharmonics
interferences

STANDARDS

/ IEC 61000-4-13 Harmonics, Interharmonics

/ IEC 61000-4-14 Voltage fluctuation

~

IEC 61000-4-27 Unbalance

~

|IEC 61000-4-28 Variation of power frequency

~

IEC 61000-4-17 Ripple on DC

~

IEC 61000-4-29 DC Voltage dips and interruptions




STANDARDS - IEC 61000-4-13

Electromagnetic compatibility (EMC) - Part 4-13: Testing and measurement techniques -
Harmonics and interharmonics including mains signalling at a.c. power port, low frequency
Immunity tests

 defines a set of distortion signals that is applied to the EUT
/ simulates typical disturbances on a low power distribution network
 the standard defines four different classes:
Class 1. computer rooms and similar environments
Class 2: light industrial environment
Class 3: industrial environment
Class 4: heavy industrial environment
 for each class the performed test and levels are defined

 products standards reference to IEC 610003
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IEC 61000-4-13 TESTS

Flat Curve Individual Harmonics
g with defined test level
Ser s gE Interharmonics ;-
E with defined test level
Frequency Sweep . Meister curve test I VA
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STANDARDS - IEC 61000-4-14

Testing and measurement techniques 7 Voltage fluctuation immunity
test for equipment with input current not exceeding 16 A per phase

/aims to establish a reference for evaluating the immunity of electric and electronic equipment
when subjected to positive and negative low amplitude voltage fluctuations.

/applies to electrical and / or electronic equipment that have a rated input current up to 16 A per

phase.
 Fluctuations are mainly produced by:
A Single on/off switching of loads (e.g. motors)
B Step voltage changes (due to tap voltage regulators of transformers).
C Randomly varying large loads such as:
- resistance welding machines
- rolling mills

- large motors with varying loads
- arc furnaces
- arc welding plant
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IEC 61000-4-14 TESTS

Initial- : <
voltage Class 2 Class 3
A AU=+8Y% Gt
— 0
Un =
AU=-8Y%
& | AU=-12%
A
Un-10% Un : .
IAU:S% AU=12%
Un-10% Un 2
A Un+10% Un
0 AU=8?
Un+10% Un % | i

Yoltage [V]

350

300

200 |
150 |

100

50|
-100 |
_lsu__

-200 |

-300

-350 |

14 1l i6 17 i8

50

10

20

30

T T T T T T T T T T T T T
35 100 165 175 295 305 320
40 160 170 235 300 310

Time [s]
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STANDARDS - IEC 61000-4-27

Testing and measurement techniques - Unbalance, Immunity test

 reference for evaluating the immunity of electrical and electronic equipment when subjected to

unbalanced power supply voltage.
/- This standard does not apply to electrical and/or electronic equipment connectadat tdO0Hz
distribution networks.
/- This standard does not include tests for the zseguence unbalance factor
/- Source and reason of interferences:
/ Unbalance is caused by either voltage amplitude or ptsdsi variations.

/ This disturbance, could cause:
overcurrent ina.c rotating machines; generation of nannaracteristic harmonics in

electronic power converters; synchronization problems or control errors in the control part

of electrical equipment.
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IEC 61000-4-27 TESTS

Test Test Test level for Class 2 Test level for Class 3 Test
number | |evel level
Class 1| phase | Amplitude |Angle | k 4, | Time| Phase | Amplitude | Angle | ky, | Time | for
% Uy . % Uy Class
% s % s X
Ua 100 0° Ua 100 0°
Test 1 No Ub 95,2 125° 6 30 Ub 93,5 127° 8 60
test Uc 90 240° Uc 87 240°
required Ua 100 0° Ua 100 0°
Test 2 Ub 90 131° | 13 15 Ub 87 134° 17 15
Uc 80 239° Uc 74 238°
Ua 110 0° Ua 110 0°
Test 3 Ub 66 139° | 25 | 0,1 Ub 66 139° 25 2
Uc 71 235° Uc 71 235°

Voltage [V]

Voltage [V]

Yoltage [W]

300
200
100

-100
-200
-300

300
200
100

-100
-200
-300

300
200
100

-100
-200
-300

— Line 1
= Line 2
Line 3

0.1 0.2
Time [=]
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STANDARDS - IEC 61000-4-28

Testing and measurement techniques - Variation of power frequency, immunity test

/ evaluates the immunity of electric and electronic equipment when subjected to variations of the

power frequency

Impact of network fluctuations

A change of system frequency within the normal limit deviation affects mainly the rotation speed of
rotating machinery. That is why clocks synchronized with the mains frequency can deviate. Engines
will provide more or less power, where the speed and torque changes depend the load. Fluctuations
in the mains frequency can detune harmonic filters.

Similarly, all electronic devices and equipment are concerned that use the mains frequency as a time
reference.
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IEC 61000-4-28 TESTS

Test levels Frequency variation (Df/ f1) | Transitional period tp
Level 1 No test required No test required
Level 2 +3% 10s
Level 3 + 4% 10s

- 6%
Level 4 +15% 1s
Level X Open Open
- 50Hz w Transitional period R 50Hz +X%
NI
’ 10s for Level 2 and 3
1s for Level 4
Af < 0.5% fnom/ cycle
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STANDARDS - IEC 61000-4-17

Testing and measurement techniques - Ripple on d.c. input power port, Immunity test

/- evaluates the immunity of electric and electronic equipment when subjected DC ripple
applicable to low voltage DC power ports of equipment supplied by external rectifier systems or

batteries, charged during operation

Level Percentage
of the nominal d.c. voltage

2 ' \ i \ / \

5 ! | / | / \
10 r [ v ~.
15 | y |

X { \ \ >

X A WO DN P
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STANDARDS - IEC 61000-4-29

Testing and measurement techniques - Voltage dips, short interruptions and voltage
variations on d.c. input power port Immunity test

/immunity to voltage dips, short interruptions and voltage variations at the d.c. input power port

of electrical or electronic equipment

 applicable to low voltage d.c. power ports of equipment supplied by external d.c. networks

TE St TESt TESt IE‘VEI D uratiﬂn Sequence witht interruption 0% Dip ,with at least 10s repetition interval
condition % UT S A R i
DC DC
% dc
0,001 Voltage
D 003 100. hihg impedance R I_ow irpge_qa_r_m_t_a -
! |
~ High 0,01 o LLEELEEFLLLHHL 448 L bt
Short Impedance 0 0,03 |
interruptions and/or 0.1 sof EEEFFHEHHHR L 444144335 FHHHHE
L] ‘
im :%:nce 0,3 ‘ |
ims 3ms 0.1s 0.3s 1s ims 3ms 0.1s 0.3s 1s t
X 3 Dips with same duration 3 Dips with same duration
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FLICKER (EMISSION)

PHENOMENA
d[%]
SN / Flicker: impression of unsteadiness of visual
N sensation induced by a light stimulus whose
ZG | N Py= 1 Curve of equal severity luminance
/ Flicker is caused by voltage fluctuations
) —~LH because of varying electric loads
N /
NI/ STANDARDS
5 After 1,000 s
02 - d, ; is determined End of change state
* ° | 40 | 04 % Point at which / IEC 61000'3'3 (<16A)
dgjls 10 ms d. i+1 is determined
| +2% A 15 -
T FEPTT / IEC 61000-3-11 (-75A)
End of , - d;n ax IS - t ‘ .
change sate +4.0%| e / IEC 61000-4-15 Flicker meter
1-04%
0500 s7=—= / IEC 60725 Reference Impedance
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WHY MEASURE FLICKER OR VOLTAGE FLUCTUATIONS?

The main purpose is to limit the variations in voltage caused by equipment connected on the power
supply system!

| . :
: : : Ra iXa L
—0—0— | ',
P e W
|
: : : |
! P |
. |Z8 . :
| L | EUT
| o /3
NONE :
' P |
I | | :N
!
| |®—¢ O
! !

R e — — — — — ———————— — — — — — — ]

Variation in load current will result in varying voltage across the net impedance !

A 2% variation in RMS voltage will result in a 4% fluctuation of light luminance of a normal incandescent bulb.
This is recognized by naked eye and depending on repetition rate, it can be a very disturbing effect
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POTENTIAL SOURCE OF VOLTAGE FLUCTUATIONS

/ Start Procedure of Motors

/ Motors with turbulent running
/ Soldering Machines

 Arc Welding Ovens

/ Load Control by Voltage or Frequency Switching

/In general all other Loads with changing current consumption
characteristic
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SOURCES OF FLICKER AND IMPACT LEVEL

SIOu P Single Elevator e Fumaces l
_Sump Pumps Hoists F':fc'me':; r:s Reciprocating Pumps
AJC Equipment Cranes Beaial GociNaioer Compressors
Theatrical Lighting Y-Delta Changes on Dro : e Automaltic
Domestic Refrigerators Elavator-Motor-Generator Sets ——LS'DTU;—— Spot-Welders
0il Bumners X-Ray Equipment Group Elevators
5 J
Solid Lines composite curves of voltage flicker sluditsi
\ by Genersl Electric Company, General Electric Review
c = August 1925; Kansas City Power & Light Company,
S 4 N & Electrical World. May 19, 1934; T & D Committee, EEI,
= b Sk 5 October 24, 1934, Chicego: Detrcit Edison Compeny;
§ g West Pennsylvanie Power Company; Public Service Company|
T —_----.__..\.;__.1__>.__\\ of Northern [11inois.
(] 3 ~ -~ .
g) \ < 2y Dotted Lines voltege flicker allowed by two utilities,
= el s, o4 references Electrice]l World November 3, 1958 and
S ] \ iy Border Lines of S june 26. 1961.
® N . * \{ Irritation s
£ < ~< g
\ -~ S s "~
T - -~
\ B oo I
1 - “ ~ -
Border Line T~ ~[< by
e - i Z
] of Visibility \\.N‘ o T —
\-— B T = L\.ry‘ /
! 1 1 1 ! I 1 | Ry T o] Iy}
T 2 3 g8 10 2030’1 2 4 6 10 2030 60| 2 3 4 6 1015
Fluctuations Per Hour Fluctuations Per Minute Fluctuations Per Second
ST | [ | ] 28 .14 | ool ey 4 ) |
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TEST SETUP

Single Phase

|
: i . Rp Xa L
5 T - [
: - |
: Zs | : :
| Lo | G/D EUT

|
| : | |
| @ L |
| | |
| : | |

N
R S
PR Il v i s el
IEC 61000-3-3 (< 16A) IEC 61000-3-11 (< 75A)
Standard Impedance Zref as per IEC/EN 60725 Standard Impedance Ztest as per IEC/EN 60725
R,=0.4W; jX,=0.25Wbei 50Hz R,=0.25W; jX,=0.25 Wbei 50Hz
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TEST SETUP

Three Phase
| i : Ra iXp : L1
:
: L R X,
-+
| | _Ra Xa 1o EUT
- Heo—o 1 -
Standard Impedance Zref as per IEC/EN 60725 Standard Impedance Zref as per IEC/EN 60725
R,=0.24W jX,=0.15Wat 50Hz R,=0.15W jX,=0.15Wat 50Hz
R,=0.16 W jX, =0.10 Wat 50Hz R,=0.10W jX, =0.10 Wat 50Hz
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MEASURED VALUES- PST AND PLT

o [%]

/ Short Term Flicker Pg; ,
/ Limit fOI‘ PSt = 1.0 z N | Py =1 Curve of equal severity
/ Observation time for P, Tp =10 min ; ; =

/ Long Term Flicker P ;
(P, is using successive P, values)
/ Limit for P,y = 0.65
/ Observation time for P;; Tp =2 hours (12x10min)

The long term flicker indicator (P ;) is calculated by the
formula hereafter. Whereby this formula is based on 3 _l/ n 3
successive P, - values, which are been collected during Pr= 1/?_ 1a PSTI
the long term flicker interval.

The long term flicker interval as defined per IEC/EN 61000-3-3 affixed to 2 hours or in other
words it comprise 12 successive P¢; - Intervals of 10 minutes each.
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MEASURED VALUES- D-PARAMETERS

dy voltage deviation

1%
dci steady state voltages (> 1s)

dc highest value of all d; values -2%

-3%

max Maximum of all d(t) values -3.3%

-4%,
Tmax accumulated time where d(t) > 3.3%
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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 and
not subject to conditional connection

Limits

Pe; <1.0

P <0.65

d, <1.0

d ax < 4% or
< 6% manually switched devices, or
< 7% hand-held equipment

T <500ms

max
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IEC 61000-3-11

Limitation of voltage changes, voltage fluctuations and flicker in public low-voltage
systems Equipment with a rated current<75 A per phase and subject to conditional
connection.

/ Basic principle: determine the required actual impedance Zact at the connecting point of the
EUT where the limits are fulfilled
/ subjected to conditional connection, meaning that:
a) the EUT specifies the minimum network impedance
b) agreement between customer and network operator

/ Ztestis used as impedance
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AEROSPACE & DEFENSE

AMETEK svemtest | TASEQ | © MILMEGA |

OOOOOOOOOOOOOOOOOOOOOOO



AEROSPACE & DEFENCE

TESTS

/ simulation of normal and abnormal operating
conditions of the power bus on a vehicle

/ measurement of harmonics emissions

STANDARDS

/ DO 160 (D to G) — Section 16 and 18
/ ED-14G Chapters 16, 18 and 20
/ Airbus ABD0100.1.8
/ Airbus AMD-24
’ Boeing TE7B3-0147

| | / GOST 19705-89
R I I A W A VA / MIL STD-461 (C to G) MIL STD-704

. | > / MIL STD-1275E

/ GJB 181B

Category AD,Z

Vp-p

0.1 f= ™
EE: kHz

001 = |

ov 1 'l
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TESTS PERFORMED
Simplified 777 Electrical System

One Line Diagram

External Ground Power

Leftipg  Left Backup 115 Vac Right Backup  Rijght IDG
Generator

Generator v
Flight Flight
Controls \/ @ Controls
PMGs PMGs
T |
1

Backup
Converter

115 Vac

Battery
Charger

28 Vdc and Battery Systems
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EXAMPLE - DO-160

Power Input (Section 16.5)
I
| 1
DC

AC
Electrical Power Input Parameter Limits
. Section 16.6.2

|
Abnormal Operate Condition

Electrical Power Input Parameter Limits
I | Section 16.5.2

Section 16.6.1 |
Normal Operate Condition

Section 16.5.1 |

Normal Operate Condition Abnormal Operate Condition
' | . | T —
Momentary Momentary Loss of - Momentary Low Momentary
Voltage & Voltage Frequency Power Voltage & Under Abnormal Phase Ripple Power Voltage Voltage Under
. . . Voltage g
Frequency Modulatior| | [Modulation Interruptl’og Frequency Operation Transients Input Voltage Interruptio Steady Statell | Condition Operation
1 1 | | 1 1 | | | | | 1 1
Section Section Section Section Section Section Section Section Section Section Section Section Section Section
16511 1651.2 1651.3 16.5.1. 4 16.5.21 1652 2 1652 3 16.5.2. 4% 16.6.1.1 166.1.2 166.1.3 16621 1662 2 1662 3
Normal Exposed Tarimel
Normal N.Frequency Voltage Voltage & Surge Engine Voltage Surge
Transients Variations DC content Distortion ] Voltage Starting Decay time Voltage
| I 1 I A. Frequency ! ! ! I
T ient } } }
Section Section Section Section ;‘:\!.Sl?rge A'T Freq_uer;c\I A EITF]S L:FWEI'E] Section Section Section Section
16.5.1.5 16.5.1.6 16.51.7 16.5.1.8 oLase ransents 16.6.1. 4 16.6.1.5 16.6.1.6 16.6.2 4
| 1 |
,_‘_‘ |—|_| Section Section Section
Total TR ial 16.5.2. 3.1 165232 165233
Surge N. FFECI_U-EHC‘J" Harmonic Harmonic
Voltage Transients Distortion Content
| ] | |
Section Section Section Section
165151 165152 16.51.8.1.1 1651.812
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TYPE OF TESTS PERFORMED

Supply Variations Measurements Ripple Immunity

A o 2 5 A Modulation A
o M Norma udio Generator
V] at2avB122v,ctiev - 2 - lpeak o vahoy
e ¥ g, 4 Optional DC
120.5V all phases Inom — Blocking Network J
101.5V all phases Frequency, lRN I cul I Srinliordi
! 1 ignal Monitor
A:100V, B:100V, C:106V ; o § [_‘ ! Frequency selective
~ o fEmergency 3 sweeps T >
™ < 500ms O
Audio a
» Transformer i | Optional
s e Rt : Current
1hz) . stabilized 500ms t [ Menier
— > —>
800H ! T
‘ AC orDC
Power = C EUT
Source
650HZ |- 2
120Hz/s 400Hz/s Total 3 cycles STNTE
>100u
C 2= 8uFforAC
RNE) BV Harmonic limits in % of fundamental current lfund
Smi s i
360Hz Lt . Ih [% of lfund] Frequency Characteristics of Ripple in 270/28V/14V DC Electric System
Category RK,Z
o M 100 -
0s & &2 ¥ & 2 thel 1- phase
T I8 R 3 2 B e e R T e 10
~ o« o™ < @ <
7 __________________________________________
6 fmm e o i
A &
1s 10s 5ms R =
V1 -{--m-—mmmmm e r - 0.1
4 __________________________________________
V2 - ===z S S A e M 0.01
D R S T e e e i e e e e e e e T e e s 15.0 ?
Vnom . - I ---| 1485036 | 0.
! OO MU "W =i TS R 0.001 +———T ‘ — e
1ms - e _____ - = = _ieme L Fona _____ 0.01 0.1 1 kHz 10 100 1000
0 + + + + + t + i el i) | s— [Pt i
: 0 5 10 15 20 25 30 35 40 270V dc Limit 28V dc Limit 14Vdc Limit
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ELECTRICAL VERICLE
TESTING
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FERRARI SF90 STRADALE

Ferrari SF90 Stradale: tutto
sulla V8 ibrida plug-in di
Maranello

Ferrari SFO0 Stradale 2020: tutto quello che dovete sapere in un
unico articolo

e di Simone Dellisanti 30 maggio, 2019

Ferrari SFS0 Stradale 2020: la prima Ferrari plug-in hybrid con motore V8

R Ferrari SF90 Stradale 2020 »

Il motore

o . , , _ , biturbo e 3 motori elettrici.
Refrigeriamoci un po’ con i freddi numeri. Abbiamo detto che la nuova Ferrari

SF90 Stradale 2020 avra 1.000 CV di potenza totale, la somma dei 780 cv
termici del 4 litri V8 biturbo. Il cuore piu grande e potente mai realizzato dal
Cavallino Rampante e posizionato centralmente all'interno della scocca mentre
altri 220 CV saranno erogati dalla componente elettrica composta da tre motori:
due posizionati sull'asse anteriore e il terzo posizionato tra il motore termico e il
cambio a doppia frizione di derivazione Formula Uno, a otto rapporti. Sotto la
scocca troveranno posto anche il pacco di batterie agli ioni di litio da 7,9 kWh.
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OVERVIEW - E-VEHICLE @

Charging System

1 r L
| 3 I

Regenerative
Braking

HV Battery .

‘
,

Electric “Traction”
Motor

l-= HV i
R ﬁ'

J Inverter
U \ . DC/DC Converter
12 V Network

(or Motor Controller)
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Mechanical Link
Plug & Charging
12V System

High Voltage




THE WORLD OF ENERGY PROVIDERS
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OVERVIEW RELEVANT STANDARDS

L
-

) ad ccer10 | (LY s (SHV sfiien
SAE J2894 -
INTERNATIONAL. SAE J1772 T "(;’ \&’ TN
- AR v Yy ECER-10

T % n DINEN DINENG61851-1 il e e R ‘@ I\%@ ISO 7637-4 (Draft)
5§85 DIN EN 61851-23 @ -

- = —
4(-0) % E DIN EN 62196_1 El:l'-;;’:‘::f~.:i'7::’?.1.::TI‘L. ISO 7637_1 & _2
=23 DIN EN 62196-3 '
s

4+
cEhco :

IEC IEC 61000-3-2/-3-12 Harmonics
4 1EC 61000-3-3/-3-11 Flicker
IEC 61000-4-11 Voltage Variations
af’gn:r;tur

. & BMWGS95002-3 Many standards o consortium LV 123

o U &) DaimlerChrysler

> O consortiumLV 124 /148 (3™

G s PSA psaB21 7112 1 Cam— {9 BMWGS95023

E c‘% g Mercedes MBN LV 123

= G (A) Mercedes

S N \ Renault 36-00-811 3

= i & volk VW 80303/80300

g olkswagen
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WHAT IS TESTED - WHO IS OUR CUSTOMER?

Charging Syst:
areing ys,_r-e Regenerative
Braking

_|—|J='v

Inverter /
(ar Mator (‘nnfmllnr\

DC/DC Converter

EUTs Customers

Chargers Car Manufacturers (Engineering)
Inverters OEM component manufacturer
DC-DC Converters Engineering Companies

System Integrators

Thermal Systems (Heating/Cooling) Test Houses

Pumps (Hydrogen Fuel Cars)
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TESTS PERFORMED &
REQUIREMENTS

EXAMPLE: VW 80300

AMETEK svemtest | TASEQ | © MILMEGA |

OOOOOOOOOOOOOOOOOOOOOOO



LV 123 - OVERVIEW

10.4.1

10.4.2
10.4.3
10.4.4
10.4.5

10.4.6

10.4.7
10.4.8
10.4.9
10.4.10
10.4.11

(g Full compliant

Range of unlimited operating capability
Range of upper limited operating capability
Range of lower limited operating capability

Range of highly limited operating capability

Voltage dynamics
- Emission

- Immunity

Voltage ripple

- Emission

- Immunity

Overvoltage

Undervoltage

Load dump and voltage limiting
Voltage offset

Interactions between LV and HV system

ONetWave as EUT supply a\

Voltage variation

Voltage variation
Voltage variation
Voltage variation

Voltage variation

Ripple on DC

Voltage variation
Voltage variation
Emission Test
Voltage variation

Function test

CCCE

CDCECP €@

NetWave
NetWave
NetWave
NetWave

NetWave as source

NetWave

NetWave as EUT supply
NetWave, AMP 200N2, CN200ON
NetWave
NetWave
NetWave as EUT supply
NetWave (limited to 560VDC)
NetWave as EUT supply

Under development @ Not covered

AMETEK

COMPLIANCE TEST SOLUTIONS
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VW 80300- OVE RVIEW

EHV-01 Operation within the regular HV operating voltage range Voltage variation NetWave
EHV-02 Operation within the HV overvoltage range Voltage variation v NetWave
EHV-03 Operation within the HV undervoltage range Voltage variation V) NetWave
EHV-04 Pre-charging Function Test @ [under investigation]
EHV-05 Generated HV voltage dynamics Emission Test () NetWave as EUT supply
EHV-06 System HV voltage dynamics Voltage Variation (V) NetWave
EHV-07 HV voltage dynamics of energy storage devices Battery Test @
EHV-08 Generated HV voltage ripple Emission O NetWave
EHV-09 System HV voltage ripple Ripple on DC V) NetWave, AMP 200N, CN 200N
EHV-10 Load dump 1 Immunity Pulse (V) NetWave

Load dump 2 fa [UCS 200N & CN 200N]
EHV-11 HV voltage offset Voltage Variation (V') NetWave (limited to 560VDC)
EHV-12 HV overcurrent @
EHV-13 HV service life (addenda) Life cycle test O
EHV-14 On/Off durability testing for HV components Life cycle test ()
EHV-15 HV interlock, service disconnect, and crash signaling operation Function test O
EHV-16  HV pulse Pulse V) SNG 200P

@Fullcompliant ONetWaveasEUTsupply #a. Under development @ Not covered
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HV DC - TEST SETUP - VOLTAGE VARIATIONS

vV A |

Vimhyv . N ; L -
450Vdc
A ; N HE
350Vdc , 1 ; :
250Vdc e %

ttM T . \:th, t,,i (VRN | T ) “}W:w e ) —

Computer o S B =Y = = =

Technical Requirements
Max. voltage >1’000V DC
EUT
Max. slew rate >4V /us

AMETEK

COMPLIANCE TEST SOLUTIONS
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HV DC - TEST SETUP - RIPPLE

NetWave

CN 200Nx

Ac L obc
>8uF T >100uF

Measuring Instrument
External or  AMP200Nx

Channel 1 -1 ——— Measuring Input

Channel 2 4 ——~—Current Clamp

Shunt Capacitor
optional

AMP200Nx

Framebus

EUT

DSO-X 31044 Seope (Ch 1)@

2 Pimer
o
.

TestPurss Test! || Test Tme o
ro— e N f———1
s » » W = ® ana ss: @
soror 1= 1 I

Technical Requirements
Max. DC voltage >1’000V DC
Max. AC voltage 20Vp

Frequency range 10 Hz - 250 kHz

AMETEK
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HV DC - TEST SETUP - LOAD DUMP #1

1 EUT

(SHV sl
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