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1.CUSTOMER: SCHIRTEC AG
Ignaz — Kock Strasse 10, A-1210 Wien, Austria

2.MANUFACTURER: SCHIRTEC AG

Ignaz — Kock Strasse 10, A-1210 Wien, Austria

3. TESTED PRODUCT: Early Streamer Emission (E.S.E.) Lightning Conductor type

SCHIRTEC-AS (5-AS)
Prototype

4. REFERENCE STANDARD: NFC 17-102 /2011, Annex C
UNE 21186 :2011, Anexo C

17 ]

6. TEST DATE: 19.09.2013

7. TEST RESULTS: There are presented the measurements results.

. TEST PERFORMED: Determination of the E.S E. lightning conductor efficiency

8. The report contains: 13 pages.
9. The test report is edited in: 4 copies, copy no.l remain in laboratory and copies 2, 3 and 4 are sent to the
customer.
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1. Identification of the test product:
Type: SCHIRTEC-AS (S-AS)

Serial / year: prototype / 2013

Technical Specification / Drawing: see page 13
Contract / Test order: 8044 / 16.05.2013 /
Internal test order: 22160 / 20.05.2013
Product receiving date: 12.09.2013

Product condition at receiving: New

2. Test program: Determination of the E.S.E. lightning conductor efficiency
3. Responsible for test: Eng. Mircea BORUZ ﬁ/;[(%

4, Opinions and interpretations (if necessary):

5. Present at the test:

Code F-01.09.01(c)
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1. Tested material
Early Streamer Emission (E.S.E.) Lightning Conductor type SCHIRTEC-AS (S-AS).

See drawing from page 13 and photos from page 14.

2. Type of test
A switching impulse wave having negative polarity and a DC voltage also of negative polarity were
applied on the upper metallic plane.

3. Specification
NFC 17-102 /2011 Annex C

UNE 21186 : 2011, Anexo C

4. Test equipments
Laboratory inner dimensions: 48 m x 32 m x 27 m (height)

Altitude: 100 m above see level
4200 kV High Voltage Impulse Generator type SPF 340, 340 kW,

TUR Dresden — Germany with its own 4200 kV capacitive divider
1000 kV Rectifier cascade type GS 1000/ 30; 30 mA; TUR Dresden — Germany
1400 kV Damped RC divider, ICMET Craiova, Romania;
TR - AS Transient — Recorder, Dr. Strauss System Electronik, GmbH — Germany
Digital multimeter Keithley, serial no. 1070037 — USA.

S. Test circuit
See the test circuit diagram from page 11.
The measuring system consists of:

e 1400 kV measuring system that consists of damped RC divider. transient recorder., TR-AS
100-10/4 and measuring cable having Calibration Certificate no. 278 DKD — K - 8701 /
12.2011;

e DC measuring system that consists of DC resistive divider, digital multimeter type Keithley
and measuring cable having Calibration Certificate no. 211 /2010 — 06 DKD — K — 18701.

Expanded uncertainty of the measuring system is inside the limits prescribed by IEC 60060 — 2 /
2010 for ST Approved Measuring Systems (3 % for peak values and 10 % for time parameters).

Code F-01.09.01(¢)
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6. Mounting arrangement
See the test set up on page 11,12

See photo on the pages 14
The lightning conductor tested is put on a 5 x 5 m grounded metallic plane and connected to
ground.
A square metallic plane, dimensions: 45 m/4.5m/0.2m with the edges rounded, is suspended
above the lightning conductor and connected to the high voltage.

7. Test procedure

The DC polarization voltage was applied on an upper square metallic plane.

The negative impulse wave is adjusted in order to obtain a flashover.

The height of the lightning conductor (h) and the distance between the ground and the square plane
(H) are measured at the beginning of each test.

The atmospheric conditions were taken at the begging, at the middle and at the end of each test.
The peak value (Up) of the impulses and the triggering time ( Tg) are recorded for each impulse.
Fifty significant impulses were applied on each lightning conductors S.R.L.C. and ES.ELC.
The early streamer emission lightning conductor (E.S.E.L.C.) is to be compared with a simple rod
lightning conductor (SR.L.C.).

Tests are performed is the same conditions and configuration for each lightning conductor: ESELC
and SRLC.

e Height of lightning conductor (h) adjusted to: 1182 mm;

e Distance between ground / square plane (H) adjusted to: 2445 mm;
e h/H: 0.483;
e Polarization voltage: 538 kV;
e Peak time / Rise time of the full wave: 297 us /228 ps;
o Time interval between consecutive impulses: > 2 min.

Code F-01.09.01(g)
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8. Test on S.R. Lightning Conductor

8.1, Test date: 19.09.2013

8.2, Atmospheric conditions

p =993 mb

BEFORE TEST t =194%

hr=48.7 %

p =993 mb

MIDDLE OF THE TEST =194

hr =49 %

p =994 mb

END OF THE TEST t =10.2°C
 hr=495%

8.3. Results
See tables on page 8

Number of significant impulses: 50
Average of significant T (break-down times) calculated from the experimental results is
Tsric = 194 .94 ps with a standard deviation Gerrc = 18.21 %.

By transferring Tsgrc on the reference waveform it was obtained T spic =407.13 us

See curves on page 10

Code F-01.09.01()
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9, Test on E.S.E. Lightning Conductor type:
SCHIRTEC-AS (S-AS)

9.1. Reception date: 12.09.2013
9.2. Test date: 19.09.2013

9.3. Atmospheric conditions

p =994 mb
BEFORE TEST £ = 1900
hr=49.6 %
. p =994 mb
MIDDLE OF THE TEST ¢ =180
hr = 50 %
p=994 mb
END OF THE TEST t =192%
hr=51%

9.4, Results
See tables on page 9

Number of significant impulses: 50

Average of significant Ty (break-down times) calculated from the experimental results is
Trsere = 176.90 us with a standard deviation ogsy o = 13.83 %.
By transferring Tgsgic on the reference waveform it was obtained T gserc = 374.27 s

See curves on page 10
Measuring uncertainty for A1 is 3.7 %.
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 %.

Triggering advance: AT = T'sgic — T gspre = 407.13 —374.27 =32.86 us + 1.87 pis

The tested lightning conductor is an ESEAT (early streamer emission air terminal) because it fulfils
the following conditions (according to NFC 17-102 /2011, Annex C, clause C.3.5.2.5):
= Tespre < Tspie (176.90 < 194.94);
- Ogsuic < 0.8 Gsric (13.83 < 0.8 - 18.21);
- Tsrec — Teserc > 10 ps.

Code F-01,09.01(¢)
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Table with values of break-down times
for S.R. Lightning Conductor

| Impulse no. Tg [us] Impulse no. Ty [us]

" i 237.40 26 188.80
2 178.70 27 150.00
3 172.40 28 226.10
4 181.00 29 209.10
5 264.70 30 341.60
6 203.70 31 168.00
7 240.50 32 161.10
8 178.40 3 215.50
9 237.40 34 191.40
10 210.90 35 176.00
11 175.00 36 204.70
13 158.50 37 201.50
13 160.80 38 157.40
14 178.20 39 148 .80
15 202.50 40 18660
16 209 80 41 246.30
17 174.00 42 223.70
18 162.00 43 180.70
19 242.50 44 181.00
20 191.30 45 189.60
21 158.00 46 152.90
22 200.50 47 187.70
23 188.70 48 168.90
24 160.50 49 177.20
25 236 80 50 208 10

e Where Ty represents the break — down times of the 50 usable impacts.

Code F-01.09.01(e)
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Table with values of break-down times
for E.S.E.Lightning Conductor type SCHIRTEC-AS (S-AS)
Impulse no. Ty [us] Impulse no. I Tg [us]
1 166.70 26 ' 173.60
. 205.10 27 153.50
3 183.60 28 161.40
4 158.70 29 199.00
5 162.10 30 179.40
6 179.20 31 161.20
7 174 40 32 287.80
g 176.00 33 215,00
9 163 .90 34 222.10
10 165.90 35 187.20
11 170.00 36 135 .80
12 181.60 37 218.40
13 153.40 38 153.20
14 160.80 39 148.40
15 178.60 40 152.10
16 173.20 41 181.50
17 164.20 42 184.90
18 183.30 43 179.50
19 183.40 - 199.50
20 207.10 45 177.60
21 188.30 46 164 .60
22 164.30 47 153.60
23 164.40 48 18920
24 162.40 49 159.40
25 174 .30 50 162 .40

o Where Ty represents the break — down times of the 50 usable impacts.

Code F-01.09.01(e)
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Where:
*  On OX axes there is represented time in ps:
On OY axes there is represented amplitude 1 7 Upey in relative units;
Red line is the experimental waveform:
Blue line represents the standard waveform.

Tspic = 194,94 ps
T srLc = 407.13 [h
Teserc = 176.90 118
T’rgpre =374.27 us
AT = T,SRLJC _T,ESELC = 32.86 LS
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Test circuit diagram for testing E.8 E. conductors

Ly

| e 1]

A BT L I 4 11

3 9 i o 4 o
o I tL ¢ 7 10
1 - HV Impulse Generator 4 2VIV -336kWs fi- ESE. estconfigurstion
2 - Serial protective gap, &=230mm T-1 W DC messuring system
3-4.2 MV measunng systera 2 - Rectifier DC cascade GS 100030
4. 1400 ¥V measuring systern 9 - Transtent recordey TR-AS 100-10/4, charmels 3 and 4
5 - Resistance 2M0 10 - Digital raultimeter KETHLEY serial no 1070037

Code F-01.09.01(e)
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TESTSETUP OMNEARLY STREAMER
FMISSION LIGHTNING CONDUCTOR.
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1 2 I 3 4
TECHNICAL SPECIFICATIONS
[V 10 | Cenrer Tael PPPTEAAL, FEW. CATE
A
) There le +/- 1 mm
/
_BAm /
- i There i +/-4 mm
| tolerance
————
i
There Is +/- 3mm
tolerance
1
D
|0
] Thers Is +/- 1 mm tolerance on all measurements which ara not
stated on the drawings.
MAME- BUANAME| DATE BIGNATLSH
IPREPARED 8Y| . 02,10 2013 @
CONTROL. . 02 10,20
- e SoEsxmTaC
| MATERIAL WEIGHT
MATERIAL STANDARD -
COATING & PAINT TNEE -
* UNIT OF MEASUREMENT : rnon SCHIRTEC_AS Code F-01.09.01(e)
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s SCH.102
ey ST OIS, g[SRI [NE P |
i 02,102013| 11 | 1 | aaH | =

ALL FIGHT REFSIVED, WITHOUT SAITTEM OOMSENT, NOME OF THE DITAILS 4 THIS DOCUMENT MAY I COMED, RECORDED, FRENTED OR DUPLICATED.




TEST REPORT No. 43952 page 14

HVD

Code F-01.02.01(¢)



