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Abstract -Telecom operators and engineers have to deal

with EMC measurements for physically large systems
drawing several hundred kilowatts. Due to their sig, they
have to be measured without artificial high currentmains
networks. The voltage probe method described in the
standard CISPR 16-2 [1] has to be applied. Unfortuately,
the results depend on the test set-up.

In this paper, we present a new approach and the salts
of the described measurement method. This method ds-
tically reduces the uncertainty and set-up dependerer-
rors. Moreover matching the line impedance at eacport
is also a goal.

I. THE PROBLEM THE CHALLENGE

More and more the Telecom and the IT infrastructuren-
verge. Moreover the power density increases draaibtifi-
nally the planner has to deal more with costs asd MWith
system performances.

Rooms and surface are expensive; coexistence hetesee
changes, IT infrastructure and the power supplyipegent

has to be insured. Due to the high power needed fhe dif-

ferent cabinets, the costs of cabling and the pdesses, the
power supply (UPS) moves even near to the equipment

Today we have up to 20 kW of power losses per edbin

The planner of such equipment has to deal withtfanality,
EMC, air conditioning and environment standardse Spac-
ing between equipments will be even smaller (Figlyend
finally disappear in the near future. In some cagespacing
at all is available between telecom equipment,niffastruc-
ture and UPS. It is then critical that the comghtyblevels
between emission and immunity are insured, for whele
system.
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Figure 1: Typical IT server room topology

There is a discrepancy between standards for teleco
equipment (ETSI EN 300 386 [3], CISPR 22 [5]) awd f
UPS (IEC 62040-2 [4]). ETSI EN 300 386 [3] has ®dp-
plied in Telco rooms e.g. exchanges and transnmissibere
the cabling and bonding is or it is supposed towsl
known.

Let consider the conducted emissions case: large By
have conducted emissions that are higher than thienom
immunity required for Telco equipment.
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Figure 2: Comparison of emission limits to the 3vriunity level

Figure 2 shows the EMC limits for conducted disturtes to
be applied compared to the ones of the UPS stanfagdp



between emission level of the UPS and immunityhefTelco
or IT equipment should be guaranteed. Measurentemnis
shown that it isn’t enough to place the UPS in ¢b#ar to
avoid this problem. 80m of power cable are insigfit to at-
tenuate the disturbances of the UPS.
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Figure 3: EMC flow diagram from the source to thq@ipment

ETSI EN 300 386 [3] defines high emission (EN 55@2ass
A/ CISPR 22 Class A) and low immunity (EN 6100@:43V

[6]) for Telco equipment. The compatibility levedg of 50dB
seems to be large. In fact, the power distributimale be-
tween the output of the UPS and the input of theedjlip-

ment are connected. All equipments should meetctire

ducted emissions of class A. How disturbance gekaare
combined in this node isn’t well known. In practsatistical

values are considered to cover this issue. It tesudt the gap
of 50 dB is by the end very small due to the laag®unt of
equipment connected.

In general, EMC labs have only to verify standacshfor-
mity. However the goal of our EMC laboratory isdnsure
that the compatibility levels between the intercected
equipments are respected. Only doing this, the evegstem
can work properly.

The economic situation presently forces plannind angi-
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Figure 4: Impedance measurement set-up

The impedance of a 50m mains cable were measurstiba
in the set-up shown in Figure 4.
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Figure 5: Impedance comparison with and without AMIparallel to the
mains cable (50m)

Figure 5 show the measurements result of the impEd#o

neering people to take UPS and power supplies ledf tground of a 50m long cable alone and with an AMpanal-

shelves and install anywhere where needed withakihg
care of possible interference problems.

In order to minimise this risk, we have deeply gsall the
problem of measuring the conducted disturbancesig

power connections and developed a substitutive oddblased
on the CISPR 16-2 [1] standard.

Il.  IMPEDANCE MATCHING

The key point in the conducted disturbances measeme is
the matching of line impedance. In the normal ctss,is in-
sured by the AMN. The impedance value is 50 2l the
frequency range from 150 kHz up to 30 MH2nly few
AMN are able to carry currents up to 200A per phadsa
higher currents, no AMN are available.

One solution would be to use long lines trying tatech with
the 50 Ohm impedance.

lel. The resonances depend on the line’s length.
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Figure 6: Impedance measurement set-up

Figure 7 shows the typical impedance to ground G0m
mains supply cable having a cross section of 7Omith an
AMN in parallel. The measurement was recorded \aitial
without a decoupling inductor as shown in FigureT@is



method is also described in CISPR 16-2 [1]. Notat tie
resonance frequency changes with the line lengths.

If the current is higher than 500A, it isn’t eveosgible to re-
alise the decoupling with chokes. For examplenglsi 3QuH
air coil capable of carrying 600A is 1m long andida di-
ameter of about 30cm. It is made of 18m (15Ginmire.

Our practical experience shows that the use of lores is
sufficient in most cases. Unfortunately it is soimets neces-
sary to add capacitors in the middle of the limetHat case,
the impedance may decrease but remains more stable.
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Figure 7: Impedance comparison with and withoubdeting choke. Set-up
of Figure 6

As shown in Figure 5 and Figure 7, it is importémtknow
that the mains impedance in the frequency rangedsst 150

[ll.  THE APPROACH AND MEASUREMENT METHOD
What does the standardization say?

The basic measurement set-up and method are dedanb
CISPR 16-2:2003 [1] in chapters 2.4.4.4.3, A.5 ardlillus-
trated in Figure A.8. Requirements for measureméthtout
AMN are given in chapter 2.4.4.4.2. However they eery
restrictive and almost impossible to be applied.

EMC measurement without an artificial mains network
(from CISPR 16-2 [1])

During testing of equipment which cannot be meatuvith
artificial mains networks, the disturbance voltaigemeas-
ured across a defined simulation resistance. Tkauthance
voltage is measured with a high-impedance voltagbe
This is valid also for e.g. power electronic desgigghich are
fed from their own separate power supplies or lgtie-
vices to which separately installed lines are canee which
are not to be loaded.

In the case of disturbance voltage measuremengeparate
individual power sources for currents of more tt#nA (e.g.
battery, generator, converter), an impedance mesment
must be applied to ascertain that the tolerancehef simu-
lated resistance, in accordance with CISPR 16-hds ex-
ceeded.

The flexible ground connection for probes with aput im-
pedance Rx of more than 1 5Q0should not be longer than

kHz and 30 MHz remains always below 50 Ohm dueheo t 1/10 of the wave-length at the maximum measurefnent

capacity to ground.

As known from EMC measurements, it is very imparten
match all lines connected to the device under feshore re-
producible set-up is then guaranteed.
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Figure 8: Arrangement with filter

It is also possible to introduce an EMC filter dsown in

Figure 8 to reduce the background noise when perfay in-

situ measurements. In that case it has to be idsina the
filter has no capacitors on the side of the equigtmender
test. In this way the input impedance of the filierused as
additional decoupling impedance.

quency and shall be connected in the shortest iplessiay to
the metal surface serving as reference ground.rtfeoto

avoid additional capacitive loading of the test moby the
screening of the probe, the tip of the probe showldexceed
a length of approximately 3 cm. The screened cdiorecto

the measuring receiver must be arranged in suclag that

the capacitance of the test object is not alterétth wespect
to the reference ground.

Artificial mains network as voltage probe (from CISPR
16-2 [1])

Where the current rating of an EUT exceeds thengatf
available AMNs, the AMN can be used as a voltagdar
The EUT port of the AMN is connected to each oftipply
lines of the EUT (single or three phases).

Prior to connecting an AMN to the mains supplyniist be
safely connected to the local physical earth PE.

In the frequency range of 150 kHz to 30 MHz, thepku
lines of the EUT shall be connected to the maiasawi in-
ductance of 30 uH to 50 uH (see CISPR 16-2 figug A
configuration 2). The inductance may be realize lzjnoke,
a line of 50 m length or a transformer. In the fueqcy
range of 9 kHz to 150 kHz a greater inductance wilt-
mally be required for decoupling from the mainsisTguar-



antees also a reduction of noise from the mains/oit (see
CISPR 16-2 A.5).

Canfigualion 1: appropriate applicaian &5 4 V-natwark.
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Carfiguraion 2: appcation as a vakaga proba
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MNOTE Exposed pins must be made safe.

Figure 9: Measurement set-up proposed in CISPR fiii& A.8

Since measurements are preferable with AMN in th&in-
dard configuration, the AMN as a voltage probe stiaanly
be used for in situ tests and where practical cotrimita-
tions are exceeded. It shall not be used for tgsticcording
to a product standard unless it is referred to e tproduct
standard as an alternative measuring method

Connection of the AMN as a voltage probe (from CISR

16-2 [1])

Conducted emission measurements of EUTs with ipghae
tional currents may cause difficulties. AMNs foe frequency
range 9 kHz to 150 kHz (30 MHz) are available tqrai-

mately 25 A nominal current. AMNSs for the frequeremyge
150 kHz to 30 MHz (50 uH parallel to %) are available to
approximately 200 A. EUTs with higher current rgtimay
be tested using the AMN as a voltage probe. Thésradtive
solution is also helpful for in situ measuremehteferred to
in the applicable product standard

IV. THE PRACTICAL POINT OF VIEW

The use of voltage probes doesen’t gives any impeu®
stabilisation

One of the great challenges with the measuremeitts av
voltage probe is the set-up and impedance uncgrtaihich

can be very large as shown in the Figure 5 andr€&igu
Measurement differences of several dBs are possibles

also very difficult to reproduce the measuremenaraither
location test sites due to the different mains idgree.

AMN’s used as voltage probes improve the line stalisa-
tion and match with the minimal line’s impedance

When AMN's are used as voltage probe, the thrdeiahg
conditions will be met:

e Line impedance below 50 Ohm
e Better measurement reproduction

+ Same geometry and set-up

V. MEASUREMENT PROCEDURE

The method has been applied for more than 10 yeaise
measurements of DC power supplies for telecom eapli
tions.

However the steps presented [2] hereafter haveetdob
lowed in order to obtain more reliable results.

« Be sure that the AMN is connected to ground by a
very low impedance. A measurement of the back-
ground noise without any connected equipment
should be taken. A minimum of 20 dB margin to the
limits is mandatory.

¢ Check the impedance of the measurement set-up
(Figure 10) with a spectrum analyser and a tracking
generator or a Comb Generator like a RefRad. Be-
fore taking measurements, be sure that the gemerato
is decoupled from 230V mains with a high pass fil-
ter. In the other case, the output of the generator
will be damaged.

230V Mains
AMN
as voltage
Decoupling device probe

Spectrum analyser
or receiver

Comb
Generator

Figure 10: Set-up to verify the impedance matching

e If necessary add an air choke on the mains for
matching 50Q =10 Q and eliminate resonances
(Figure 9).

e Perform the first measurement with the AMN nor-
mally connected with the current flowing through at
the maximum permissible load (e.g. by 25 A)



e Change the set-up according to Figure 9. Perform a%
measurement using the AMN as a voltage probe ats—

the same load with the same connected cables in the,| " 1y i
same geometry between AMN and the device under ~ "\% " |
60 Y A
test. s [ [T \ M
_,:so NI 7 \7
e Compare the results of both measurements 3 40 \‘\\ \J"\‘,
e If the measurement is equal in the trend withoyt an f
significant differences you can proceed with the =
measurements at higher load. 10
« If there are significant differences check agaia th o oo s o000
impedance of the set-up and verify all the ground g ey L
connections. st A et

The method is used to test conducted emissioniglalplmwer Figure 12: Measurement results on the AC inpubeflPS by 800kW load.

(>120 kW) where the limitation of the test sitegigsen by the

highest available current in the lab and the higivestage The phtaze ?ltjrr]rent its "’f‘?ﬁm Illq[o _At\ha_?d the sﬂowqmlysus
sustained by the AMN. separated of the rest of the plant with its owngfarmer.

The second example show the measurement on thauBC o
put of a 48V Telecom power supply.

VI. PRACTICAL MEASUREMENTS EXAMPLES

The two following examples show the application the
measurement method. They have been chosen taalieishe
set-up and the results.

The first example show the measurement on the niamg
of a UPS.

=N P
or measurementeob@ output

It has to be noted that the 2 small AMN placedtmndutput
for the measurement, are loaded with a separatstives
load of 100A. The rest of the load, (1900A) goesdiy on
the load bank through 2 x 400rhopper bars each pole.
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Figure 11: Measurement set-up with the AMN conreetea voltage probe i f\r\‘ B
at the mains input and output s W\ML.
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Figure 14: Measurement results on the 48V DC ouip®000A load




VIl. ADVANTAGES IX. CONCLUSIONS

The presented method has the following advantagamst The presented substitution method is a cost effective
the voltage probe method: and reproducible measurement method for conducted
EMC measurements of systems using high power.

* No limitation of the drawn current due to the low
AMN current capability.

« Stable set-up and reproducible results for both: in X. REFERENCES

situ and laboratory measurements.

* Comparison between laboratory and in-situ meag) c|SpR 16-2 Ed. 2.0: Specification for radiotdi®ance
urements Is easy. and immunity measuring apparatus and methods - Part

« In-situ measurements are possible without mains iflethods of measurement of disturbances and imm@a0i03
terruption (Take care of the safety requiremenb] g. Blondel, J. Biner, EMC Course of applied EM&@

working with high voltage). UPS, Swisscom Innovations, 2002
* The acceptability of the measurements results [8] ETSI EN 300 386 V1.3.2 (2003-05) Electromagaeti
high. compatibility and Radio spectrum Matters (ERM); &el

ommunication network equipment; ElectroMagnetiarzo

« The results are affected from a lower uncertainty .. .. .
atibility (EMC) requirements

(typical up to 3 dB) against the voltage prob
method. [4] IEC 62040-2: 1999: Uninterruptible power systems
(UPS) —Part 2: Electromagnetic compatibility (EMC) re-

VIIl. DISADVANTAGES quirements

[5] CISPR 22 Information technology equipment — Radio
disturbance characteristics — Limits and methods of meas-
urement

[6] EN 61000-4-6: 1996: Electromagnetic compatipili

* The method requires experience in EMC measurgeMC) - Testing and measurement techniques - Sedio

ment for high power systems and handling of highmmunity to conducted disturbances, induced byaédds-
current. quency fields

It is important to point out that the method has owly ad-
vantages.

* Importance of calibration of the test set-up toidvo
resonances and false results

e Take care about of inrush currents, load steps, tur
on and transient on the measured lines.

* Never work without a pulse limiter on the receiver
cable.

e« Set-up and measurements takes longer than meas-
urements with the voltage probe but is more rediabl

* One step more is introduced in the method but you
can compare the results and decide if you can pro-
ceed.



