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1 Description of the sample

Description of sample:

Type of sample: Cable entry

Model: 1. Perfect KV: Cable entry without EMC-Contact for cable shield PG 13,5

2. Perfect-EMV-KV: Cable entry with EMC-Contact for cable shield PG 13,5

3. Perfect-Ex-EMV-KV: Cable entry with EMC-Contact for cable shield PG
13,5 Ex. M50 x 1,5

Serial number: Articel No.: 1. 50.013; 2. 50.013/EMV; 3. 50.650 M/EMV/EX
Used cable type:
Specification: A. Protoflex-EMV-2ySLCY-J (4x 1,5 mm?)
B. Copper tube 22 mm diameter, with braid from cable C soldered to one end

of the tube.
C. Protoflex-EMV-2ySLCY-J (4x 35 mm?). Only the braid has been used.

Further remarks:

The use of the cable type C was not possible due to practical reasons. The diameter of the cable was bigger
than the diameter of the clamping device inside the measurement tube. Therefore a measurement with a
copper tube together with the removed braid of the cable No. C has been done (see Picture 3).

Photos of the sample:

Picture 2: Cable entry No. 2 (Perfect-EMV-KV)

Picture 3: Copper tube with braid soldered and
cable entry No. 3
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2 Method for determining the quality of cable entries for shielded
enclosures.

Far the valuation of the quality of cable entry into enclosures there are no civil standards available. Therefore
a military standard has been used as base.

Standard: VG 95373 Teil 40 “Messverfahren fur geschirmte Steckverbinder”
(Measuring method for screened connectors)

The method is modified in a way that the connector is replaced by a czble entry. The cable entry is used as a
termination of the screened cable inside. The cable with the cable entry is then measured in the triaxial tube
(see picture), as it is described in the VG 95373 part 40. The general method is known as the mesurement
method for the transfer impedance of cables.

Valuation:

The different cable entry systems are intended for the use with different cable shield qualities. Therefore the
valuation of the cable entry system is done allways together with a certain shielding quality of the cable. The
valuation is based on the minimum disturbance of the shielding guality of the cable. The less the shielding
effect of the cable is disturbed, the better the cable entry system works.

2.1 Measurement procedure

The measurement is done by the following steps:

1. Assembly of the cable.

2. Mesurement of the cable without cable entry system in the triaxial tube. The result of this measurement
gives the quality of the used cable/shield.

3. Assembly of the cable with the cable entry system according to the manufacturers specifications.

4. Mesurement of the cable with cable entry system in the triaxial tube. The result of this measurement
gives the quality of the used cable/shield together with the cable entry system.

5. Comparison of the measurement results in a diagram.

If the cable is used with the cable entry system there should be no significant degradation of the shielding
performance.
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2.2 Test instrumentation

Zu prifende Verschraubungen
\ Messrohr

N

=
N

Verbindungsstiick

Geschirmtes Kabel

Geschirmtes Kabel = shielded cable
Verbindungsstlck = adaptor
Zu prufende Verschraubung = cable entry system under test.

For the test there is the need of two adaptors.

For the measurement there are two triaxial tubes with different diameters are available. The adaptors are
therefore limited in diameter (see sketches). The adaptors are manufactured by lathe tooling.

Verbindungsstiick zum Messrohr Nt 1 Verbindungsstlick zum Messrohr Nr. 2
Aufiendurchmesser der KabeleinfGhrung bis ca. 30 mm Al imesser der K rung biga. 70 mm
ca. 50 mm

ca. 50 mm I+

//4-7///4-74-7//_4,4;%4225/

Innangewinde M36 * 1.5

Innengewinde M16 * 1

b |

prifends Verschraubung Vinddicken ca. 1-2mm

Wanddicken ca. 1-2 mm
priifende Verschraubung Matarial: Messing, eve vergoldet coer versilbort

Material: Messing, evil. vergoldet oder versilbert

The inner thread for the tube no. 2 is a special thread!
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3 Measurement procedure

Information concerning the test:
Tested by: Gossmann
Test date: 2000-08-03

| Test instruments: |

Test room: Kabine 2

Inventory no. Description Manufacturer Type

5110250 Netzwerkanalysator Rhode & Schwarz ZVRE

1800094 Messrohr Bedea 60 mm

1800099 Messrohr Bedea 120 mm
[ Test set-up: |

Test set-up according to the description in chapter 2.2.

Assembly of the cable and the
cable entry.

The samples no. 1 and 2 were assembled according to the manufacturers specifications together with
the cable A.

The sample no. 3 was assembled on the braid of a cable from type C. This braid was soldered on the

tube (“cable type” B) (Picture 3). The cable entry has been assembled on this braid according to
manufacturers specifications.

see chapter 4
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4 Measurement results

4.1 Transfer impedance

The transfer impedance is expressed in terms of Ohms/meter, because it is allways related to the length of
the cable. The length of the cable during mesurement was 1 meter. The main result of the measurement is
that the cable entry is not incleasing the value of the transfer impedance of the cable shield. The absolute
value is not considered here.

4.1.1 Comparison of the cable entries PG 13,5 (No. 1 and 2)

better Transfer impedance measured in the triaxial tube

40,0

25,0
200 |

15,0 |

Transfer impedance [Ohm/m]

10,0 1

0,E+00 1,E+08 2,E+08 3, E+08 4,E+08 5,E+08
Frequency [Hz]

— cable (Reference) = Perfect-KV = Perfect-EMV-KV

Picture 4 Transfer impedance cable and cable entries Perfect-EMV-KV and Perfect-KV
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betlar

Transfer impedance [Ohm/m]

2511

20—

Transfer impedance measured in the triaxial tube

Lt ||

0.5400 1

E+08

(11

4E+0B 5,E+08 6,E+08 7E+08 B8E+08 8.E+08 1.E+00
Frequency [Hz]

= cable (Reference) = PerfectEMV-KV |

ITITY

Picture 5 Transfer impedance without Perfect-KV

Better Transfer impedance measured in the triaxial tube
40,000 = T 1
[]]] i
| |
35,000 e } |
W0 | e |
N

Transfer impedance [Ohm/m])

25,000

20,000

15000

10,000 —

5,000

0,000

1E+04

Picture 6

1,E+05 1,E+06 1,E407 1E+08
Frequency [Hz]

Perfect-KV ——Perfect EMV-KV |

|——Cable (Reerence)

Transfer impedance up to 30 MHz, logarithmic scaling
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Better Transfer impedance measured in the triaxial tube
0,800 T - : = :
‘ ’ ¥ ’ 1 ]
1 |
D,700 | L :
: I i i [ Il
[ 1] ! |
0,600 | 1o ! bt d l.
—_ | | |
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§ 0500+ f=Eer e 1 ! i
@ | | |
x] | | |
s | ‘ |
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0200 1 L i | l T by | 1 |
| | | | |
ey R 8 AR 1 e i
0,000 !
1,E+04 1,E+05 1,E+06 1,E+0T 1E+08
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"~ cable (Reference) — Perfect EMV-K/ |
Picture 7 Transfer impedance up to 30 MHz, logarithmic scaling without PERFECT-KV

4.1.2 Cable entry no. 3 Perfect-Ex-EMV-KV (M 50 x 1,5)

Better Transfer impedance measured in the triaxial tube

1,0E+01

1.0E+00 / =:

1.0E-01 Hf— :
£ /|
S 10802
g
=4
o
T 10803
-8
E
2 1004 |
c
E

1,0E-05 w

1.0E06 T :

[ |1
1 | | |
10807 11 0 ) ] 1| | = !
0.E+00 1,E+08 2,E+08 3.E+08 4E+08 5E+08 6.E+08 7.E+08 8,E+08 9.E+08 1.E+09
Frequency [Hz]
.[_ _@_sﬁ_éf_e_@_r.w_ PerfectDeEMV-KV = 7 7 wnpér'b-yn__e_;s__-r.efé!:e_naef
Picture 8 Transfer impedance cable entry PERFECT-Ex-EMV-KV
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Besser Kopplungswiderstand im triaxialen Messrohr

1,0E+01 | ‘ |
¥ 108400 | = ‘ -
. 10E-01 | — i H
‘ LU
S, 10602 ree ; —

1.0E-03 | i !
5 1.0E-04 |
§

1,0E-05 |

1,0E-08 |

1.08-07

1,E+04 1,E+05 1E+06
Frequenz [Hz]
Kabel (Referenz) Perfect-Ex-EMV-KV = = CU-Rohr als Referenz
Picture 9 Transfer impedance cable entry no. 3 Perfect-Ex-EMV-KV up to 30 MHz, logarithmic

frequency scaling. The 30 MHz-point is marked.

4.2 Screening effectiveness

The values of the shielding effectiveness are calculated from the transfer impedance. The calculation is done
by the used software.

The screening effectiveness is given in negative values. This means that the effectiveness is calculated from
the high frequency power measured in the outer system of the measuring tube over the power fed into the
.inner" circuit (the measured vcable with ist shield) of the triaxial tube. This means that the cable entry is
better if less HF-power comes out of the inner system into the outer system. The smaller the shielding
effectiveness, the less HF-energy is coupling from the inner system to the outer system, the better the shield
and the cable entry is. The shielding effectiveness can also be printed in positive values, ist only a term of
presentation.
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4.2.1 Comparison of cable entries PG 13,5 (No. 1 and 2)

Shielding effectiveness measured in the triaxial tube

l
v
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5 1l
E i —
™ | |
2 ’ |
c f
=] 1 W\,
H | '
1) = {
a’ | |
=z |
2 | | - || ]
= 807 T I | 1 f =]
b ‘ . ; :
. I L]
0 [ py T
L] | \ | |
| |
50 — A -1 un
| ‘ [ |
! ‘ | '
% et JEIRINEIS S0 ] L]
0,E+00 1,E+08 2E+D8 3.E+08 4 E+08 5E+08 6,E+08 7E+DB B,E+08 9, E+08 1,E+09
Frequency [Hz]
|——cavle 2x 1.5 mm* (Reference) ——Perfect-KV —— Perfect-EMV-KY |

Picture 10 Shielding effectiveness. Perfect-KV, Perfect-EMV-KV and reference cable.

Setter Shielding effectiveness measured in the triaxial tube

8

3
—

Shielding effectiveness [dB)]

8

1,E+04 1,E+05 1,E+06 1,E+07 1,E+08
Frequency [Hz]

—Cable 3x 1.5 ¥ (Reference) —Perfect KV ~— Perfect- EMV-KV |

Picture 11 Shielding effectiveness. Perfect-KV, Perfect-EMV-KV and reference cable up to 30 MHz
logarithmic scaling. The 30 MHz-point is marked.
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4.2.2 Comparison cable entry 3 Perfect-Ex-EMV-KV with copper tube.

Besser

Schirmddmpfung [dB]

-120 §

Picture 12

Schirmddmpfung im triaxialen Messrohr

2E+08

d

L

I"'
1

"‘\fl’

3,E+08

4,E+08

=

Shielding effectiveness. Comparison of Perfect-Ex-EMV-KV with the "ideal” Copper

Kabel 3x 1.5 mm* (Referenz)

5,E+08
Frequenz [Hz]

Periect Ex-EMV-KV (M50) — = CU-Rohr (22 mm, Refarenz)

6,E+08

tube and Reference cable 3 x 1.5 mm? of the ,,small* cable entry.

Better

-20 |

Shielding effectiveness [dE]

TE+08

7
7
/

\\,

W/
1

8 E+08

Shielding effectiveness measured in the triaxial tube

-120

-140 +
1,E+04

Picture 13

1,E405

[——Cavle 3x 1.5 mm* (Reference) —

Shielding effectiveness. Comparison of the Perfect-Ex-EMV-KV with the "ideal”
Copper-tube and the reference cable 3 x 1.5 mm? of the ,,small* cable entry. Here up to 30 MHz and

b vkt i 4
1,E+06 +07
Frequency [Hz]
Perfec-Ex-EMV-KV (M50) — — Copper tuibe (22 mm, Reference) |

with logarithmic scaling of the frequency axis.

.‘l_:._..

3,E+08

1.E+09
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4.3 Interpretation of the measurement results

The evaluations must be done like this:

From 30 MHz on, only the maximal values of the transfer impedance and the screening effectiveness shall be
evaluated. The Minima are created by the interference of the wave fronts in the triaxial tube. Therefore the
minima are caused by the measurement method and should not be counted as characteristic of the shield or
cable entry.

4.4 Evaluation of the results

1. The results of cable entry no. Perfect-KV shows that a connection where the shield is not connected,
(Picture 4, Picture 10) shows much high transfer impedance and the screening effectiveness is poor.

2. The comparison of Perfect-EMV-KV and the reference cable (Picture 5, Picture 11) shows that the cable
entry has a good effect. The shielding function of the cable shielding remains nearly unchanged.

3. The big cable entry shows the same good properties than the ,small* cable entries (no. 1 and 2). The
Picture 8, Picture 12, Picture 9 und Picture 13 shows with a red line the copper tube, wich is conneted via
the soldered braid and the cable entry Perfect-Ex-EMV-KV. The red line shows a better shielding
effectiveness than the blue line (reference cable). This is because of the short length (10 cm) of the
soldered braid.

The blue dotted line shows as a reference the cable with 3 x 1,5 mm? which is the reference for the
.small" cable entries(PG 13,5). The dotted line shows the transfer impedance and the shielding
effectiveness of the copper tube. This line gives the lower dynamic range of the instrumentation.

The used cable is a cable with single braid wich is not intended for the use as transmission line for high
frequencies. It is usually a cable for control purposes in installations.

The mesured cable entries have shown no significant degradation of the quality of the used and similar cable
types (except Perfect-KV). Therefore the measured cable entries are suitable to lead cables into enclosures
without losing the performance of the cable shield.
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5 Appendix

5.1 Installation manual for the cable entries (german language)

PERFECT-EMV-KABELVERSCHRAUBUNG
50.007/EMV — 50.048/EMY

Montagehinweise
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