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.2 MANUFACTURER: NIKDIM Ltd.

. Address: 23rd Shipchensky.Polk No. 80, 6100 Kazanlak, Bulgaria

; 3. TESTED PRODUCT: Outdoor to Ir’ldqdf".aua'hing-'tipo PrBO 10

. - 4 REFERENCE STANDARD: IEC 60137 : 2017
"7 *.. &5, PERFORMED TEST:

| = Dry lightning l;evoltago withetand test
- Drypowerfrez?ouncyvolngewimmm

Il - Wet power frequency voltage withstand test
"+ ., 6. TESTS DATE: 08.08.2017 .

~ ) j.'?les:"s'-BESULT: The product passed the test.

| 'The 'te.s"t report ddnfains 14 pages and is edited in 4 copies, copy'no.1 remain in laboratory and copies
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1. IDENTIFICATION OF THE TEST PRODUCT: Ouitdoor to Indoor Bushing. 10kV/400A
Type: PrsO 10 ' |
Serial / year: -/ 2017
. Technical Specification / Drawing: —/ see page 14
Client test order: Contract no. 876 / 03.08.2017
Internal test order: 23362 / 07.08.2017
Product receiving date: 07.08.2017
' Produqt condition at recelving: New

2 MAIN TECHNICAL OHARAcTERISTIOS ESTABLISHED BY MANUFACTURER:

Maximum worldng volhgo(Um\ s 12KV
REtd SUITONE (I1):....ccoooceusrscssesmssnsesssssassssssssssonsssssssaseass 200A, 400A, 6304, 1000A
‘Dry lightning. lmpuhowlthﬁndvolhgo 12/80 |a- ............................ 75 kv,...,
Dry mmquwm ........................................ 42 KVrms
Wet Wﬂoqmncywwwm ....................................... 28 KV s

. Materlal : porcelain C110
colourofglm brown

- ‘."
' Note:

1. mdwmmmmamuwummammm
request.

.. 2. The level of dry and wet power frequency withstand voltages was specified by .
’ '._customor -

s 'TESTS PROGRAM:

‘ | = Dryllghtnlnglmplmmoeﬁﬂ‘mmdhet

4 RESPONSIBLE FOR TEST: Dlpl eng. LaurentluVlidoI ()
. | 'Dipl. eng. Dan Stefan (I m):ﬁ"

' 5 ' PRESEﬁT AT TESTS General Manager eng. Maria Georglwa — NIKDIM Buigaria

_ Code F-01.22.01(e)
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. DRY LIGHTNING IMPULSE VOLTAGE WITHSTAND TEST

1. Test date: 08.08.2017 ’
2. Test standard: IEC 60137 : 2017 subclause 8.4
3. Equipment used: ’
— Impulse generator 4.2 MV, no. 5 - 1197; connection I, (1x1);
— C,= 0.576 [uF]; R,= 47 [Q}; R,= 115 [0,
Addenda: C, ~ equivalent capacity of impulse generator;
R. - equivalent serial resistance of impulse generator;
- Ry —equivalent parallel resistance of impulse generator.
- Measuring system used: .
~ High voltage measuring system of impulse generator 4.2 MV consists of:
— Capacitive divider of the impulse generator 4.2 MV with Kav= 345.1;
w - - Digital measuring system type TR — AS 100 — 10/ 4, n0.228; channel 2.
, L (Calibration Certificate no. 91 / 12.2016)
-~ Msasuring uncertainty for: peak value of lightning impulse is: + 1.38 %
- - forfronttime T, is *8.44 %,

“ - fortailtime T, s + 8.39 %. |
: The uncertainty stated is expanded uncertainty obtained by multiplying the standard uncertainty by the coverage
M factor k = 2. The value of measurand lies within the assigned range of values with probabiiity of 95%.

: 4. Test procedure / Test set-up: according to IEC 80187 ; 2017, subclause 8.4.
o 5. Atmospheric'_eondlﬁom; correction factors; Ui,

. Atmospheric mbar] 1005
RN conditions: [t [°'C 26
l . h, [% 53
Arcing distance measured [mm]: v 485
M .| Iy j . ~ 09782 v
" | factors: % — ~1.0174
— ezl L 0895
ji Mpo.ts.‘ho)(-)and.(f)'[kv,_,...‘]: N
S : Vet (P, ffﬁ)= ke Usa(Poloho): | . 746

AN . Symbols Used:
e 5=, Unset (Pos to, ho) ~ rated withstand voitage value;

T ="Upa(p, t, h) - test voltage corrected to atmospheric conditions;
6.Test circuit dlagram:

;

1 sedaine. 8- 4%

cha2 w
Cea =L

B . | ]
impulse | I

. Generator ! :
42MV 1
connec.ly '

1

|

il
]
il

—
.
:
¥

" Fig.1

- Legend: EUT - Equipment.under test
' ' ' __ Code F-01.22.01(e)
"© ICMET Craiova - 2017
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Notec

_1 Thetestwasperfonnedapplylngsuccassively15voltagelmpulsesofposmvepulamyand15vanage

impulses of negative polarity (see photos from page 5).
2. The standard 1.2 / 50 us lightning impulse was used. For wave parameters see osauograms from pages 6
+10.

7.Test result: The product passed the test.

CodoF*O‘I.ZZ.O‘l(e)
“OICMET Graiova — 2017
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Il. DRY POWER FREQUENCY VOLTAGE WITHSTAND TEST

1. Test date: 08.08.2017
2. Test standard: IEC 60137 : 2017, subclause 8.2.
3. Equipment used:

- Test transformer 350 kVA / 350 kV, no.3 — 1963

Measuring system:
- AC measuring system 350 kV consists of:
- high voltage compressed gas capacitor type MCF 75 / 350P, n0.853889 and fow
voltage arm type H90, no.898939;
. - -digital peak voltmeter type MU-17 no. 810396;

- coaxlalrtmmg
Calibration rﬂﬂeafeno41/04.2015)
% v - Measuring uncerainty is + 1.6 %..

- . -The reported unoertaintyismdxwmd sériginty, basad-on a standard uncertainty multiplied by a coverage
: ‘factork =2, pmﬁingalmmm&wpmmm%

'i'.,4TutproeadurelTestmsup _mecemsv 2017, subclause 8.2

1005
S 26

AL R e . 185
4 - 0.9955
D et iRk L 0.9997
. I-‘-nqucncy- M G TR0

: U (e em] R
ST 'U....(p,th)=k. Mm.m) R .
S i R B

- —U...(po.to,ho)-'rawdwlmmmvalue. .
: .= Upat (P, t, h) = testmwmwmmmm

\ . 6. Test circult diagram:

AC Measuring System 350 kv é

[R=—————=— ]
S 350 kA 2350 kY NCF 75/350P

P | :
. ‘ a l
R .. Test transformer :I____ MU -17 I EUT
Y . I ! —
Lo o ' . o ) ' l R | ==H%0 | ’
. -}: - ; . : . L i J

o 7.Test result: The product passed the test.

LN o | | - CoteFo1201)
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Ll lightning-impulse :
no. Up kvl | T1[us] T2{us]| Tclus] | Ip{A] |remark _
316045 | 396 | 126 | 446 [RFW/PRBO 10
316046 | 741 | 127 | 445 | FW/PRBO 10
316947 | 737 | 127 | 446 FW/PRBO 10
316948 | -745 | 1.27 446 FW/PRBO 10
316048 | -74.3 | 127 | 447 FWI/PRBO 10
316950 | -745 | 127 | 447 FW/PRBO 10 j
. 316851 | 748 | 127 | 446 FW/PRBO10
&0, [ stees2 | 1ad | 121 | 447 | “|FWPRBO10
. [ 316983 | 743 | 127 | 447 FW/PRBO 10
v [ 216054 | 74 | 127 | 446 T |FWIPRBO 10
T 77 | 316885 | 748 | 127 | 446 FW/PRBO 10
Yo' 47316986 | 748 | 1.27 | 446 FW/PRBO 10 _
316087 | 75.4. | 127 | 445 FWIPRBO 10
- ' Sledse | 748 | 127 | 447 | |FWIPRBO 10
316950 | 76 7| 127 | 445 FW/PRBO 10
316960 | 753 | 127 | 448 FW/PRBO 10
316061 | 432 | 126 | 438 RFW/PRBO 10
316962 | 746 | 128 | 447 FW/PRBO 10
[3ese3 | 743 | 127 | 447 | | |FWIPRBO10
T7atessa | 782 | 1271 | 446 ~ |FwiPRBO 10
o, [Tsteees | a2 | 127 | 44T FWIPRBO 10
b [Tateeesr| 752 | 127 | 44T FW/PRBO 10
o Taeeer | a8 | 127 | 447 ~ |FWiPRBO 10 O
2N | 3te0e8 | 743 | 127 | 448 FW/PRBO 10 o
sto. [Tatesee | 748 | 127 | 448 | ~ |FwiPrBO 10
0 T steer0 | 748 | 127 | 447 FW/PRBO 10
. 318971 [ 751 | 127 | 447 FW/PRBO 10
Cvo | seer2 | 744 | 127 | 447 FW/PRBO 10
316973 | 748 | 127 | 448 ~ |FWIPRBO 10
| at6o7a | 739 | 127 | 448 FW/PRBO 10
316975 | 748 | 127 | 447 l FWI/PRBO 10
316976 | 748 | 127 | 448 FW/PRBO 10

o Notes 1 UPf-peak value of testmg voltage, T1, T2, T, ~ front, tail and chopping time -
par_ameters of testing impulse wave;

. 2. RFW — reduced wave 50 — 75%; FW — full wave 100%
v ‘.<.,, _‘ : S . . __Code F-01.22.01(e)
T . ) ' © ICMET Cralova -~ 2017
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ii. DRY POWER FREQUENCY VGLTAGE WITHSTAND TEST

1. TOIt date: 08.08.2017
2. Test standard: 1EC 80137 : 2017, subclause 8.2.
3. Equipment used:
— Test transformer 350 kVA / 350 kV no.3 - 1963
Measuring system:
~ AC measuring system 350 kV consists of:
- high voltage compressed gas capacitor type MCF 75/ 350P, no.853889 and low
~ voltage arm type H80, no.888930;
- digital peak voltmeter type MU-17, no. 910396;
- coaxlal measuring cable, 75Q. -

‘ (Calibration Certificate no.41/ 04.2015).
" Measuring uncertainty is + 1.6 %..

S The reported uncertainty is an expanded uncertainty, based on a standard uncertainty multiplied by a coverage
R factork=2 providing a level of confidence of approximtely 95 %.

" 4 Test proudarelTut ut-up: according to lEc 60137 : 2017, subclause 8.2

=oE .8, Atmospheric condition
’ . . .‘,.

Ahmophorle bar] 1005
' hf[%] 53
mdmm [mmL __ 185
Cortrection Ky 0.9955
factors: - 1.0042
. N k=l ko —0.9907
. ., - | Frequency: Ha] 50
S e Tlmo: -[sec] ‘ - , 60
Tt T | idiodohek WVed 42
EAR I Useet (s th)=kt U-(Po.to.ho) 41.98
- Symbolsused N
¥ =+Ursat {(Por Yo, o) — ratedwnhstandvoltagevalue, ;
SR = U....(p.t h) = < test voltageoorrectedtoatmosphaﬁc conditions. '-,,'_
' :*r‘ GTutelrcultdlagram
\ A — : AC iessurig System 350 kV 4
EE AT I -t R
a1 | 350 KVA/350 KV | = MCP 75/30P

o |

!
‘ - , A _"'"'i. ‘ .'.‘_Tes,,ttran_i’;f'qrmer { — MU-17 =
.'. . . . . . ‘.'. '.‘,..I ‘. . l '
o L | == Ho0 l

| cwaF-mzzm(s)

R

e .
I U
. : .
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lil. WET POWER FREQUENCY VOLTAGE WITHS_TAND TEST

- 2. Test date: 08.08.2017
‘2. Test standard: IEC 60137 : 2017, subclause 8.2.
3. Equipment used:
o for power frequency volitage:
— Test transformer 350 kVA / 360 kV, no.3 — 1963
o for rain:
— Artificial rain installation, serial no. 3 - 29.
Measuring system:
- AC measuring system 350 kV consists of: o _
- high voltage compressed gas capacitor type MGF 75 / 350P, no.853889 and low
voltage arm type H90, no.898939;
- digital peak voltmeter type MU-17, no. 910396;
- coaxial measuring cable, 75Q. -
. (Calibration Certificate no.41 / 04.2015).
Measunng uncertainty is + 1.6 %..

The repoited uncertainty is an expanded uncertainty, basedonastandarduncenaamymultimledbyaooveraga
factor k 2, prowding a level of confidence of approximately 95 %.

- oFor mmuring the parameters of the watof hm been used:
~  liquid glass.thermometer series 41 :
" "(Calibrate Certificate no. DJ 013.141 — 552 12012 - BRML Craiova)

- conductometer type 3210 serial no. 15440615 encompassing conductivity cell type TetraCon
;. 325, series 15440175

b - (Calibrate Certificate no. 132.06 — 03.2016)

Measurlng uneenalmy for thermometer is equal with 0.4% / °C and for conductometer is + 32%.

R Thateﬁowduneenaintylsanmndsdumammty.bmdonamndamunoemimymulﬂplbdbyawvemfwm
Tt N k mevidlngalevelofconﬂderm approximately 85 %.

-4, Test proccdure / Test set-up: according to IEC 60137 : 2017, subclause 8.2

w8 condition, correction factors, water parameters, U,y
-.:'..-';,:_l N C .'\ Am.m mbar] 1m5
B conditlcm e 26
O hl%] - 63
. S Arc tﬁﬁneo ‘measured [mmj: _ 185
Ry _— ?oTI:cu'T‘on k, 0.9855
AF L *+ | factors:. . 1
R | (k=K. 0.9855 _
, ‘ . Precipitation Temp ['C] 25.4
ot o conditions: Apr-ve(2 [mm/min] |-~ 1.6
Cate e : : .| Apr-hc_[mm/min} 1.5
P o . : - | Water conductivity 08
Ca | | [uSiem]
LT "-_?roqua\cy K 50
R Uu(?ozbho): - KVond | 28
‘l . _ - Uu(P.t.'h)'ﬂ ke Uspa(Posto,ho): : . .. T
¢ ‘Symbols used: ‘ ‘
V= Uget (po, 1o, ho)— rated withstand voltage value;
"= U (p, t h) = ‘test voltage corrected to atmospheric conditions.
I Sl - , o Code F-01.22.01(e)

S T - . : ‘ - mcmsrcmwa 2007
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350 kVA 7350 kv
Test transformer
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_ No.3-1968 . l "

_ Cotle F«01.22.01(8)
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1. Materiai: percalain C110 sccording to IEC 60672.
- 2. Colour of glaze - brown,
. o . :.Mmmwﬂnnvdl;s‘;:-uw. .
S . 4 §. The general tolerances are acoording to DIN 40680,

8. Elsctrical paremeters sccording lq IEC 60137.7_“

| S 11 ‘ SE==cSEECITCTN
4| S T type P8O 10/00 LI1[F | Y

hﬁs el T

Ty

- end of test report -

~ Code F01.22.01(e)
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TEST REPORT No. 12628  Page3
1. IDENTIFICATION OF TESTED PRODUCT

L1 Geaeral informations

Type PRBO 10/400

Serial number -/ ‘ Lo~
ContractNo.: 705.2/ 876 / 03.08.2017 LS G
Product receiving date: 08.08.2017 NN
Product condition at recciving: New SO

1.2 Tmmw«mdmwmeu

Rated voltage 12 kV
RAGES Botwal Siirrent ' 400 A
Rated frequency 50 Hz
-r.m.3. value : 10 kA
Rated duration of short-circuit 1s
1.3 Description of the tested object :
An Indoor/Outdoor Air-Air Porcelain Insulsted Bushings,
1.4 List of drawings
Themnuﬁeunulm ' ﬂxeobjectmbmwedﬁxmhnsbeenmmm;redm

Drawing number Revision
ND 82.02.02.00 01
“OICMET Gralova 201778CE

Code: F-00.18.04




TEST REPORT No. 12628 Page 4
2. TESTS PROGRAM | \\

2.1. Ono tempersture-rise togf at In= 400 A / 50 Hz ace. 10 . 8.8 of IEC 60137 with supply
by copper cables of 240 mm® cross section, in test circuit from Figure 1.

2. Verification of thermel short-time current withstand by calculation scc. o ¢, 8.9
of IEC 60137.

3. ACCURACY OF MEASUREMENT

Thegwmdmauﬁnyf«ﬂwmmedwmmmmmhnginmﬂuw
measuring system, is less than 3%, unloss mentionod otherwise.

4. RESPONSIBLE FOR TESTS: Eng. Catalin Boltasu
BULGARIA .
6. TEST REPORT DOCUMENTATION: Oscillograms: - Drawings: 1

Pyoiss: 1
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7. TEMPERATURE RISE TEST

7.1 Test circuit for temperature rise test

MP4

MP3

1 - Bushing
2 - Supply connection ;
MP1-MP3 -  Temperature measuring points
' RC -  Rogowskicoil

Figure I — Test circuit and measuring points for temperature-rise test
7.2 Results obtained at tests

The temperature rise test was performed having a current of 400 A / 50 Hz going through the
bushing untif the temperature variation did not exceed i K per hour.

Current supply was made with cooper cable dimensions: 1%240 mm? cross-section connected
to the terminals of the bushings. Temperatures were measured using a temperatures
measurement computerized system with type J thermocouple Keithley Multimeter Integra
2700. '
Meéasuréferit poinfs are presenifed in Figire 1. Edvifonment féstipérature was imeasured ifi
three points equally distributed around the Porcelain Bushing ‘at half of its height and
approximately 1 m distance of it. Values of the measured temperatures are presented in table
below.

© ICMET Craiova 2017/8CE
Code: F-03.19.04
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Placsment of | Nature of the temperciure | Temperatsre-rise
Mo | e part | Mowrial | g )

Cuw/Cu-

Upper Screwed . . ‘
MP1 [P ot Silver s; 7827 49.57
wpp [Lower | Sorowed | O 85 77.52 Y

terminais | contacts ’ -
MP3 |Insulator Porcelain . 34.44 5.74
m4 airl) | - - - 2“.70 d
e B

ThetanpulmnseoneablemOSmdlmeﬁmuwerwmmls(MPSmdM%)was
22.57 K in wpper part and 21.14 K in lower past.

& THERI SHORT-TIME C ENT VERIFICATION BY CALCULATION

mmamhmmmwﬂnmmoflmudmmmdbyﬂc
following calculation:

o2

6= 0o+¢§§'§.-m.

o ©; is the final temperature of the conductor, in degrees Celsius;
0, is the temperature of the condnctor in degrees Celsius, under continuous operation
wxﬂllrutanambwnttempmneot‘w%
a is 0.8 (K/s)/(kA/cm’)? for copper and 1.8 (K/s)(kA/cm’)? for aluminium,
14 is the rated durstion as specified, in seconds;
Iy is the standard value as specified above, in kiloamperes; |
S, is the equivalent cross-section, in square centimetres, taking account of skin effect;
S: is the total cross-section, in square centimetres corresponding 1o Jt.
For other materials the value of a used may be derived from the formula given below:

a=p/(c*3)

» pis the resistivity of conductor, in uQQ.cm (p=1.68 pQd.cm for copper)

o cis the specific heat of conductor, in J/(g K)

. Sisthedunityofthecmdum.ing/cm;.

Theshneﬁeﬂmybedﬂammdbyeomdermgudep&ofmmmdofcumd&md
from the formula given below:

d -——xJ px_103 cm
4  where fis the raed froquency (Hz).

*

® &6 o 0

2x
T Cralova 2017/
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For p=1.68 u.cm (copper ) and =50 Hz it results d=0.92 cin therofore S, = x°d*(Ded) =
= 1.96 cm” and 8, = x*D*/4 = 2.01 om? (for D=L.6 cm)
For 1s=10 kA and ta=1 s it follows: 6y=81.17 °C <180 °C as required in clause 8.9.3,

9. TEST RESULT:

cL 8.83and893. ‘ ‘ ‘ '

leV.mAww;m" : Mﬁem perature-rise

- END OF DOCUMENT -

O ICMET Cralove 2017/6CE
F-08.19.04
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o T R O S T i

Photo - Aspect of 12 kV, 400 A Indoor/Outdoor Insulated Bushings
in test circuit for temperature-rise test
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1. Materiel: poroslain G110 according 1o IEC 60672,
bushing -
are according to DIN 40680,

2. Colour of glazs - brown,
3. Maxdimum

4. Rated

6. Blecirical paramelers according to IEC 00137,
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