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TESTED PRODUCT: Early Streamer Emission (ESE) Lightning
Conductor
REFERENCE STANDARD: NFC 17 —102: 2011, Annex C.3.5

TEST PERFORMED: Early streamer emission test
TEST PERIOD: 09.09.2020
TEST RESULTS: Are presented at point 6, pages 6 and 7.

The Test Report has 13 pages and is edited in 4 copies, from which copy no.1 for Laboratory and
copies 2 + 4 for Customer.
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Warnings:
a. The results refer only to the tested product.
b. Publication and reproduction of the contents of this report in any other form unless its complete photocopying is
not allowed without writing approval of Division to which laboratory belongs.
¢. All signatures of the present report are original ones.
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1. IDENTIFICATION OF THE TEST PRODUCT

Type: SMT - ESE60

Serial / year: TS60001589 / 2020
Photo of the tested product: Figure 1

Technical Specification / Drawing: -/ see page 13

Contract / Test order: 705.2/1233/ 03.09.2020
Internal test order: 23987 / 07.09.2020
Product receiving date: 08.09.2020

Product condition at receiving: New

Figure 1 Tested product

Note. In order to performed the test the customer sent:
—-ESEEAT. (see drawings from page 13)

2. TEST PROGRAM: Early streamer emission test

3. RESPONSIBLE FOR TEST;/Dipl.eng. Tetea Valentin 475,/

4. PRESENT AT TEST: -
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EARLY STREAMER EMISSION TEST

1. Test date: 09.09.2020

2. Test standard: NFC 17-102: 2011, Annex C.3.5

3. Atmospheric conditions:
While testing the S.R.A.T.

BEFORE TEST:

MIDDLE OF THE TEST:

END OF THE TEST:

While testing the E.S.E.A.T

BEFORE TEST:

MIDDLE OF THE TEST:

END OF THE TEST:

4. Equipments and apparatus used:

Laboratory inner dimensions: 48 m x 32 m x 27 m (height)
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Altitude: 100 m above sea level;
4200 kV High Voltage Impulse Generator type SPF 336; 336 kWs,
TUR Dresden — Germany;
1000 kV Rectifier cascade type GS 1000/ 30: 30 mA; TUR Dresden — Germany;
1400 kV Damped divider type RC 1400, serial no. 03/1996,

Romania;

ICMET Craiova,

TR — AS Transient — Recorder, Dr.Strauss System Electronik, serial

no.228 GmbH — Germany;

Digital multimeter Keithley, serial no. 1070037 — USA.

See the test circuit diagram on page 11.
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The measuring systems consist of-
- For SI:
e High Voltage Measuring system for switching impulse, 1400 kV that consist of:
- Divider type RC 1400, serial no.03 / 1996 — manufacturer by ICMET Craiova.
- Transient Recorder type TR — AS 100 — 10 / 4, serial no. 228, manufacturer by Dr. Strauss
GmbH;
- Coaxial measuring cable, 75Q, 40m.
The measuring uncertainty is 1.43% for peak voltage value and 3.86% for peak time parameter
according to the Calibration Certificate no.85 / 09.2016.
- For DC:
e 1MV - DC High Voltage Measuring system that consists of:
- DC resistive divider (serial no.3-35/1),
- Digital multimeter type Keithley (serial no.1070038)
- Coaxial measuring cable, 50Q, 25m
The measuring uncertainty is +1.62% according to the Calibration Certificate, no.206/06.2020.
- For climatic parameters:
e Measuring system used for recording the climatic parameters (type ALMEMO 3290-8)
consists of:
= digital thermometer type 3290-8, serial no.L9701005M, measuring uncertainty 0.50%
according to Calibration Certificate no.04.01 — 721 / 2019;
= digital barometer type 3290-8, serial no.L9701005M measuring uncertainty 0.6% according
to Calibration Certificate no.02.02 — 369 / 201 9;
= digital hygrometer type 3290-8, serial no.L9701005M, measuring uncertainty 1.8% according
to Calibration Certificate no.05.02 — 751 /2019.
5. Test procedure / test set-up / working mode:
See the test set up on page 12
See photos on the page 10
The tested S.R.A.T. / E.S.E.A.T. were set on a square support with a 0.2m side and
connected to ground.
A square metallic plane with dimensions: 45 m / 45 m / 02 m having the edges
rounded, was suspended above the lightning conductor.
On the upper metallic plate there were applied at the same time the DC polarization
voltage and the switching impulses (250 / 2500 us), both having negative polarity.
The switching impulse voltage was determined by using a simplified “up and down”
procedure in order to obtain the value U100 with a final precision of 1%.
The DC voltage was adjusted in order to Create an electric field between the two metallic
plates in the range of - 20 to - 25 kV / m (effectively 22.4 kV / m).
Tests were performed in the same conditions and configuration for each lightning
conductor: E.S.E.A.T. and S.RA.T.
The atmospheric conditions were taken at the beginning, at the middle and at the end of
each test.
First, there were applied 50 impulses on the S.R.A.T. and after that 50 more impulses

The early streamer emission lightning conductor (E.S.E.AT.) is compared with a
reference single rod lightning conductor (S.R.AT.).

The peak value (Up) of the impulses and the triggering time (Tg) were recorded for
each impulse.

The height of the lightning conductor (h) and the distance between the two metallic
plates (H) were measured at the beginning of each test.

Height of lightning conductor (h) adjusted to: 1182 mm
Distance between the upper plate and the ground (H): 2450 mm
h/H: 0.482
Polarization voltage: 54.86 kV
u100: 554 KV peak
Peak time: 244 us
Time interval between consecutive impulses: 2 min
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6. Test results:
6.1. Test results for S.R.A.T.

The average value of significant break-down times (T
experimental results (table bellow) is Tspat =

O spaT = 20.2 %.

By transferring Tsgar on the refere

(see graphic from page 8).

Imgz.lse T [us] Imr;::.lse Te [us]
1 139 41 133
2 165 42 192
3 122 43 123
4 132 44 138
5 176 45 182
6 127 46 101
7 146 47 153
8 108 48 132
9 118 49 136
10 214 50 189
11 160
12 198
13 179
14 134
15 149
16 127
17 124
18 132
19 135
20 122
21 121
22 141
23 133
24 186
25 141
26 111
27 168
28 112
29 217
30 158
31 140
32 114
33 148
34 116
35 146
36 98
37 177
38 171
39 187
40 119

Ts: Break-down time |
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) calculated from the
145.8 us with a standard deviation

nce waveform it was obtained T’sgat = 404.2 us
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6.2. Test results for E.S.E.A.T.

The average value of significant break-down times (Ts
experimental results (table bellow) is Tesgar = 121.2 us with a st

Oeseat = 15 %.

Page 7 of 13

) calculated from the
andard deviation

By transferring Tesear on the reference waveform it was obtained T’egeat = 339.3 us

(see graphic from page 8).

Img:lse Ts [us] Ims:.lse Te [us]
1 118 41 106
2 107 42 145
3 114 43 111
4 104 44 116
5 106 45 148
6 148 46 118
7 141 47 110
8 142 48 105
9 115 49 98
10 131 50 141
11 127
12 117
13 112
14 159
15 123
16 131
17 102
18 157
19 111
20 124
21 112
22 108
23 142
24 119
25 100
26 106
27 135
28 180
29 126
30 96,6
31 109
32 120
33 140
34 104
35 129
36 106
37 107
38 114
39 110
40 107

Ts: Break-down time |
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Graphic 1 — Determination of the early streamer emission of the E.S.E.A.T.

— Std. Curve
— Exp. Curve

Where:

e On OX axes there is represented time in ps;

e On QY axes there is represented amplitude U / Upea in relative units;
e Green line is the experimental waveform;

* Red line represents the standard waveform.
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6.3. Conclusion

From all shown so far it can be concluded that the triggering advance is:
AT = T’SHAT - T’ESEAT =404.2 — 339.3 =64.9 us £ 46}.LS

Measuring uncertainty for AT is 7.1 %,

The uncertainty stated is expanded uncertainty obtained by multiplying the standard
uncertainty by the coverage factor k = 2. The value of measurand lies within the assigned
range of values with probability of 95 %,

The tested lightning conductor is an E.S.E.A.T. (early streamer emission air terminal)
because it fulfils all the conditions stipulated by standard (according to NFC 17-102 /
2011, Annex C, clause C.3.5.2.5):

= TESEAT < TSRAT (121 2< 1458)

— OeseaT < 0.8 OSRAT (15 % <0.8- 20.2 % = 16.2 %)

~ T'srat — T'esear > 10 us
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Test circuit diagram for testing E.S.E. conductors

1-HVY Impulse Generator 4,2MV-338MN5*.
2 - Serial protective gap @= 250 mm;
3-42MV measuring system;
4-1400kvm easuring system;

5 -Resistance 2M Q;

6-E.SE.test configuration;
7-1MvDC measuting system;
8 -Redifier DC cascade GS 1000/30;

9 -Transient recorder TR-AS 100-10/4, channels 2 and 3;
10 - Digital multimeter KETHLE Y,
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TEST SET UP FOR EARLY STREAMER
EMISSION AIR TERMINAL

4500
-

200

ESEAT
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4018111111

310mm

M20x60.

b4

Drawing of SMT-ESEG( (Difference: 0. | mm)

—end of test report —
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