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IEEE DESIGN TEST REPORT
Report No. EU1588-H-00.1
Type EVP Station Class
Surge Arrester

This report records the results of the design tests made on Type EVP Station
Class surge arresters in accordance with IEEE Standard C62.11-2012 “IEEE
Standard for Metal Oxide Surge Arresters for AC Power Circuits (> 1kV)”.

To the best of our knowledge and within the usual limits of testing practices, tests

performed on the Type EVP arresters demonstrate full compliance with the
relevant clauses of the referenced standard.
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Separate reports provide details of the tests, according to the following table:

Report No. Description Clause | Issue Date
EU1588-H-01.1 | Insulation Withstand 8.1 1/10/14
EU1588-H-02.1 | Discharge Voltage 8.2 1/10/14
EU1588-H-03.1 | MOV Disc Accelerated Aging 8.5 1/10/14
EU1588-H-04.1 | Polymer Accelerated Aging 8.6 1/10/14
EU1588-H-05.1 | Contamination 8.8 1/10/14
EU1588-H-06.1 | Internal lonization and RIV 8.10 1/10/14
EU1588-H-07.1 | Partial Discharge 8.11 1/10/14
EU1588-H-08.0 | Switching Surge Energy Rating 8.14 1/10/14
EU1588-H-09.0 | Single-Impulse Withstand Rating 8.15 1/10/14
EU1588-H-10.1 | Duty Cycle 8.16 1/10/14
EU1588-H-11.1 | Temporary Overvoltage 8.17 1/10/14
EU1588-H-12.1 | Short Circuit Pressure Relief 8.18 1/10/14
EU1588-H-13.1 | Maximum Design Cantilever Load 8.22 1/10/14
EU1588-H-14.1 | Thermal Equivalency Test 71.2.2 1/10/14
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IEEE Design Test Report
Report No. EU1588-H-01.1
Type EVP Station Class Arrester

Insulation Withstand

This report summarizes the results of design tests made on the Type EVP
Station Class arrester design. Tests were performed in accordance with
procedures of IEEE Std C62.11-2012, “IEEE Standard for Metal-Oxide Surge
Arresters for AC Power Circuits (> 1 kV).”

To the best of our knowledge and within the usual limits of testing practice, tests
performed on these arresters demonstrate compliance with the relevant clauses
of the referenced standard.

Dennis Lenk Saroni Brahma
Principal Engineer Design Engineer

Date: 1/10/2014
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Type EVP Station Class Surge Arrester
Insulation Withstand

INTRODUCTION: The following table lists the Type EVP arresters’ minimum
strike distance, 1.2/50 required and actual impulse withstand levels, and 60 HZ
required and actual wet withstand levels as defined in Sections 8.1.2.4 of IEEE
C62.11-2012 standard.

CONCLUSION: All housings meet or exceed these levels of voltage.

Lightning | Lightning | 60 HZ 60 HZ
Strike Imp w/s Imp w/s | Wetw/s | Wet w/s
Arrester | Distance Req'd Actual Reqd Actual
MCOV (in) (KVc) (KVc) (kVrms) | (kVrms)
2.55 6.9 12 101 5 50
5.1 6.9 23 101 10 50
7.65 8.7 35 127 15 63
8.4 8.7 38 127 16 63
10.2 8.7 47 127 20 63
12.7 10.5 58 153 25 75
15.3 10.5 70 153 30 75
17 14.2 78 207 33 101
19.5 14.2 89 207 38 101
22 14.2 100 207 43 101
24.4 14.2 111 207 47 101
29 17.9 133 261 56 125
31.5 17.9 144 261 61 125
36.5 21.5 166 313 71 148
39 21.5 178 313 75 148
42 21.5 201 313 85 148
48 25.2 221 367 94 172
57 28.9 266 421 113 194
70 43.3 333 631 141 275
74 43.3 338 631 143 275
76 43.3 356 631 151 275
84 43.3 401 631 170 275
88 43.3 401 631 170 275
98 44.7 447 652 197 283
106 44.7 487 652 215 283
115 52 532 758 235 320
131 63.5 621 926 274 372
140 69 639 1006 282 395
144 69 664 1006 293 395
152 69 709 1006 313 395
180 80 842 1166 371 436

EU 1588-H-01.1 2
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IEEE Design Test Report
Report No. EU1588-H-02.1
Type EVP Station Class Arrester

Discharge Voltage

This report summarizes the results of design tests made on the Type EVP
Station Class arrester design. Tests were performed in accordance with
procedures of IEEE Std C62.11-2012, “IEEE Standard for Metal-Oxide Surge
Arresters for AC Power Circuits (> 1 kV).”

To the best of our knowledge and within the usual limits of testing practice, tests
performed on these arresters demonstrate compliance with the relevant clauses
of the referenced standard.

Dennis Lenk Saroni Brahma
Principal Engineer Design Engineer

Date: 1/10/2014
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IEEE Design Test Report
Discharge Voltage Characteristic

TESTS PERFORMED: Residual voltage measurements were made on three
single resistor elements. Tests were conducted in accordance with clause 8.3 of
the IEEE C62.11-2012 standard, to determine steep current impulse residual
voltages at 10 kA, lightning impulse residual voltages at 1.5 kA, 3 kA, 5 kA, 10 kA
and 20 kA, and switching impulse residual voltages at 0.5 kA and 1 KA.
Oscillograms of current and voltage were obtained for each test.

For each test sample, all measured voltages have been rationalized to the
lightning impulse residual voltage of that sample at nominal discharge current (10
kA 8/20), and the results have been displayed in graphical form.

RESULTS: Tables 1, 2 and 3 show the residual voltages measured on test
samples 1, 2 and 3, respectively. For each test sample, the measured residual
voltages have been expressed in per unit of the lightning impulse residual
voltage at nominal discharge current (10 kA, 8/20).

Table 1: Measurements made on test sample 1

Current Wave-
Magnitude shape Residual Voltage Oscillogram

Test Wave kKA Ms kV p.u. Number

Steep 10 1/2 14583 | 1.09 34
front

1.5 8/20 11.32 0.846 1
8/20 3 8/20 11.903 0.889 4
Impulse 5 8/20 12.471 0.932 7
10 8/20 13.385 1 10
20 8/20 14.452 1.08 13
Switching 0.5 43/91 10.651 0.796 22
Impulse 1 40/86 11.05 0.826 25

EU 1588-H-02.1 2
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Table 2: Measurements made on test sample 2

Current Wave-
Magnitude shape Residual Voltage Oscillogram
Test Wave kKA Ms kV p.u. Number
Steep 10 1/2 14545 | 1.087 35
front
15 8/20 11.304 0.845 2
8/20 3 8/20 11.899 0.889 5
Impulse 5 8/20 12.465 0.932 8
10 8/20 13.38 1 11
20 8/20 14.436 1.079 14
Switching 0.5 43/91 10.651 0.796 23
Impulse 1 40/86 11.05 0.826 26
Table 3: Measurements made on test sample 3
Current Wave-
Magnitude shape Residual Voltage Oscillogram
Test Wave kA us kV p.u. Number
?teep 10 1/2 14.596 | 1.090 36
ront
15 8/20 11.338 0.846 3
8/20 3 8/20 11.902 0.888 6
Impulse 5 8/20 12.479 0.932 9
10 8/20 13.396 1 12
20 8/20 14.478 1.081 15
Switching 0.5 43/91 10.651 0.795 24
Impulse 1 40/86 11.029 0.823 27

The results of the discharge voltage testing are shown graphically in the following
chart.

EU 1588-H-02.1 3
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The values shown in this chart are all normalized to the lightning impulse residual
voltage at nominal discharge current (10 kA). These values (Per-unit Ues.chart) are used
to calculate the residual voltage characteristics (Ujes.arrester) Of assembled EVP series
arresters. For the cases of switching impulse and lightning impulse residual voltages,
the arrester residual voltages are calculated as follows:

Ures—arrester = Per'unit Ures—chart X Ures—nom

Where: Ures-nom is the published maximum lightning impulse residual voltage of the
arrester, as verified by routine test at time of arrester manufacture.

For the case of steep current impulse residual voltage, the arrester residual voltage is
calculated as follows:

Ures—arrester = Per-unit Ures—chart X Ures—nom +L'h In / Tf

Where:

L’ is the inductivity per unit length (= 1 pH/m)

h is the length of the arrester (excluding the resistors since resistor inductance is already
included in the test measurements)

I, is the nominal discharge current (= 10 kA)

T; is the front time of the steep current impulse (= 1us)

EU 1588-H-02.1 4
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Oscillograms
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Sample 1, Oscillogram 1

Nicolet Accural00
Printad : 19:28 Thureday. July 20, 2006 Senal Humber ; IDADZ00151
[+2.0ZE004v [ Current restime & 856006 z MicH1 Zoom Juiy 0, 205 132534
+04E003A Crrart Pemlc: 15100 A kil e
: : BCH2 Zoum 111y 20,208 192550
\bhage Realc: +11320. s [E
7 N
J [FTh
[ jivi
Wi 1ttt
T
20454003
-z02EDD4Y
ain - 100 ns/pt Sueep Time: | [Curl-GND: 028510 A CurZ-Gurl: 37247 A
Zeom : 20 nsipt 1oMsmplis | |Curt-TRIG: -5.68 ps Curz-Curl: 32.08 ps
Zoom nly Wamary Trig: Edg= FPretrigger: 4.0% Banduwidih
5:1 2000 CH2 OC Heg UL:-57.008 A LL: -136.41 A 4 AutHz
Sample 2, Oscillogram 2
Nicolet Accural00
Printad : 13:27 Thureday, July 20, 2006 Senal Humber ; 1DADZ00151
[+2.02E4004V] Current nsetime: & 46e-006s z cH1 Zoam 1y 0, 205 32105
+204E03A Currnt Reske 1623 0 A sy [ee
3 : [FICH2 Zoom 1y 2, A6 132106
‘hitage Pealc: +11304. W Py “ 0

Windaw 1z == |
b5
-2 DAE+D03 A
|-2.02 E+DD4
IWtin - 100 ns/pt Sweep Time: Curl-GND: +0 26510 A Cur2-Curl: -36.082 A
| Zeom @ 30 nsipt 10M smpli= Curl-TRIG: -5.68 p= CurZ-Curl: 32.08 p=
[Zoom Only Memary [Trg: Edge Pretrigger: 4.0% Bandwidth
5:1 2000 CHZ OC Neg UL:-57.008 A LL -136.41 A 4. AtHz

EU 1588-H-02.1 6
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Sample 3, Oscillogram 3

Nicolet Accural00
Printed : 13:28 Thursday, July 20, 2005 Serial Humber : [DAOZ00151
[+2 0ZE+009% ] Cymant neetime: # d6e-006s £ [ Zoom dviy20, 206 132820
+2.09E40034 Cumert Paak: -1516.8 A };:;DZ:OM TEptogrEe [re
: ! W,
‘bitage Peak: +11338. 4 ‘mum |l||s
| —
’ 1A aa
o 1 -ttt e
T
-204E40034
-2 DZE+004
[in - 100 nspe Swesp Tma: | [Curl-GND Curz-Curl: -34.994 A,
[22om : 20 nsse tosmpls | Curt-TRIG: -5.68 ps Curz-Curl: 32 08 ps
[Zoom Only Memary: Tng: Bdge Fretrigger. 0% Bandwidth:
ls:1 2000 CHI DC Neg UL:-ST.008 A LL-136.41 A | |hduthe
Sample 1, Oscillogram 4
Nicolet Accural00
Privted : 13:53 Thursday, July 20, 2006 Serial Numbar : 1020200151
[+2 0284004 Gurrent setime: & 5e-000s 2 ot Zoom 44y 0,205 135300
[+ 07 E+003A Current Peslc: -3024.0 A pieny ‘e
e : BCH2Zeom 14y 5,206 5301
veltage Peak: +11903. LR e

[indow 1

i
407 E+003A,
2.0zEDa
sins - 100 ns/pt Smeep Time Curl-GND: +0.39766 A Cur2-Curl: -30 487 A
[Zoem : 20 nsipt 10M smplis Curl-TRIG: -5.6¢ s Cur2-Curl: 32.08 ps
[Zoom Only Wemory [Tig: Edge  Pretrigger: 4.0% Banduidth
5:1 2000 CHZ OC Neg UL -67.008 A LL:-136.41 4 | [440He

EU 1588-H-02.1 7
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Sample 2, Oscillogram 5

Nicolet Accural00

Printed : 13:54 Thursday, July 20, 2006 Serial Humber : IDA0Z0015T
[+2 0ZE+009| £ rant risstime: 8 460085, Z E}gnzzm e ] -

[+.07 BH03A | Cymane Peak: -3012.0 A iz s e

“bags Peak: +11899. v e L I

|
ﬂ "

i
|4 07 E+003 A
-2 D2 E+004h
[hvtzine : 100 ns/pt Sweep Time: Curl-GND: -1.7332 A CurZ-Curl: -26.510 A
|Zoom : 20 ns/pt 100 smpliz Curl-TRIG: -5.68 ps Curd-Curl: 32.08 ps
[Zaom Only Memory: [Trig: Edge Pretrigger: 4.0% Banduidth:
5:1 2000 CH2 DC Neg UL -57.008 A LL:-136.41 A |4 dhdHz
Sample 3, Oscillogram 6
Nicolet Accural00

Printed : 13:66 Thursday, July 20, 2006 Serial Number : IDACZ00151
z H1 Zoom dy 20, 205 3es=0
[remsnw

+2.DIEH004V] Cument rsetime: & 562520063, 0
[+4O7ED0A] Cumem Peak: -3014.5 A .
\bitage Peak: +11302.

A2z v, A
[rTarenA, [

o 1 TR AT AR W
#
]
I‘ i
407 BRI
2 02BN
Wtain - 100 nsdpt Sueep Tme Curt CurZ-Curl: 22634 A
|Zoom : 20 nisipt 10M smplis curl Curd-Curl: 32.08 ps
[Zoom Only Memary: [Tig: Edge FPrewiger: 4.0% Banduidth:
2000 CHZ DC Neg UL:-57.008 A LL 13641 A4 | |[4.40He

EU 1588-H-02.1
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Sample 1, Oscillogram 7

Nicolet Accural00
Prirted - 14:09 Thursday. July 20, 2006 Senal Number : IDAOZ00151
[+1 B1ER04] Currant setime: 8.7e-0085 z CH1 Zoom 11y 0, 20 1401
48 1440034, Current Peale: 50118 2 ;Dm;;w e [
: { o2z Iy
\bltage Fesk: +12471. W e [
[iindouw 1 et + A g
T
T
A
8 140034
16104y
iain - 100 nezpt Swasp Tme: | [CurZ-GND: +712.08 7 CrZ- Curt: 67528
[2oom : 30 st TOMsmplis | |Curd-TRIG: 6.4 s CurZ-Curt: 32.02 s
[Eom oty Nemory: [Tha: Bage Pretngger: 40% Banduidth
ls:1 2000 CH2 D Heg UL -570.08 & LL: 17000 & | [4anihz
Sample 2, Oscillogram 8
Nicolet Accural00
Printed ¢ 14:11 Thursday, July 20, 2005 Seial Humber : IDAUZO0TET
[+1.87E4004VT Curem reetime: & 780065 z [ficH1 Zoom Jvir 20, 20 fécinst
[+6 14E40034 S Pesic: -5027.7 A i [

Vatage Peak: +12468.

[WWindow 1 ettt - H++ A g
T
T
P ot
e 14E0034
1 615004
i - 100 ns/pt Sweep Tme: | [Curd-GND: 438636 W/ Curd-Curl 4367 86
[Zoom - 20 nsipt 10M smplis Cur2-TRIG: 26 4 ps Curd-Curt: 32 02 s
[Zoom Gnly Hermory [Trig: Edge  Pretrigger 40% Eanduidth
&l 2000 CHZ DC Neg UL:-670.08 A LL-17001 A4 [ |4.4uiHz

EU 1588-H-02.1 9
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Sample 3, Oscillogram 9

Nicolet Accural 00
Printed : 14:18 Thursday. July 20, 2008 Serial Number : [DADZ00151
[+1 81E+009/] Curmere Asatime: & 7e-006s 2 A=K 1o0m Juyz0, 205 Tei5t
[ 14E 0038 Cymery Pazk: 50224 4 I;f‘:f“ T [ewe
: : Zoom 07
oltage Pezk: +12476. e =
[
p i
iindow 1 et ++ ++ - L o s
.
.
R
2. 14E40034
-1.61E+004%
tkin - 100 ns/pt Sweep Time Cur?-GMNO: +1560 8 W Cur-Curl: +1530.8 W
Zoom : 20 nsspt 10Msmpliz Cur-TRIG: 26.4 s Curd-Curl: 32.02 ps
Zoam Only hiemany© [Trig: Edge Pretigger 4.0% Banduidth
5:1 2000 CHZ OC Neg UL:-670.08 A LL:-1700.1 A - AtHz
Sample 1, Oscillogram 10
Nicolet Accural00
Printed @ 15:41 Thursday, Julw 20, 2006 Serial Number : 1DA0Z00151
[+181 B0V Cumraen rsetime: 5.3253-0085 z [cH1 Zoom 4120, 205 153929
[+1 02 E40044 " Currar Pk -100%4. 2 Hasy [
: : ACH2 Zoom 110,206 53
ltage Peak: +13726. % EEDR ‘”"
| et ]

D o e e e

11 02540045 \_,

[ 618004
i - 100 nspt Sweep Tme: | [Curz-GND: +13385, CurZ-Cur: +13286.
[Zoom : 20 nsipt 10M smplis Cur2-TRIG: 5.7 ps Curd-Curt: 7.54 s
[Zoom only Wemery: [Tha: Edge Pretrigger: 4.0% Eardwidth
: 2000 CH2DC Neg UL:-14608 & LL-35297 A [ |44z

EU 1588-H-02.1 10
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Sample 2, Oscillogram 11

Nicolet Accural00

Printed : 15:50 Thursday, July 20, 2006 Serial Number : IDADZ00151

[+1.61 84009 Curert risetime: 2 3260-006s z T (RIS EED
[+1-2EH004A ] Current Peak: -10043. A ;cnz I [0
\bitage Peak: +13380. | ‘%GDMA [LEX -
foermer |

(Wbdinow 1 ettt H—

1 D2E4 N

-1 61 B0
Iin : 100 nsApt SBweep Time: Cur2-GHO: +13380. W Cur2-Curl: +13338. %
Zoom : 20 rsipr o0 smplis | |cura-TRiG: 6.2 s Curd-Curt: 7,88 s
Zoom Oy Whemary [Fia: tge Fremager: 40% Banduidih:
6:1 2000 CHZ OC Neg UL:-1460.8 A LL: -26207 A |+ 4nHz
Sample 3, Oscillogram 12
Nicolet Accural00
Prireed : 1590 Tarsday, Jufy 20, 2005 Sarial Number ; [DAVZO0T5T
[+1.81 B0 Cyrent risetime: 8.3262-008s z [0S 1 2eem avyy20, 205 57724
[+1.02EH0044 [ ey Pazk: - 10004, 'A| ;D'"‘;;"ZXOM _ |
: : i,
“whltage Peak: +13306. % s |‘|‘!
it |

]

Wiindow 1 LI A

1.02Es0048 \\_

1.61E4D04
ins = 100 ns#pt Sweep Time: Curz-GNO: +13396. W/ Cur2-Curl: +13332. W
[Zoom - 20 nsipt 100 smplés Curz-TRIG: 5.5 ps Cur-Curl: 7.34 ps
[Zoom Oniy Wemory [Tig: Edge Pretrigger: 4.0% Bandwidth
51 2000 CHZ DG Meg UL 19608 & LL:-26297 A | |[44MH2

EU 1588-H-02.1
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Nicolet Accural00
Frinted - 045 Friday, July Z1, 2006 Serial Humber - I0AOZ00151
[+ BTED0NT Comene nsstime: &.65-0055 z o 2o 121 200 B :
PSR Gt pes 0%, 8 ;Ehzzmm.l V21,205 Wi s
; ! Wz, g
hhiage Pezk: +14452. W 2
T | [reon e

r

Window 1 /, q
T
2 04Es0045 \_/
1 61E004
tin + 100 nsfpe Sussp Tme: | [CUrl-GND: 43,9788 A Curd-Curl: 120,52 A
[zoem : 20 nefpe T0M smplis | [Curl-TRIG: 28818 s Curd-Curl: 27,9918 s
[Eoem Only Wemary [Trig: Edge Pretrigger: 4.2% Bandwidih
[5:1 2000 CHZOC Meg UL-20317 A LL 50505 A | [a.dmhe

Sample 2, Oscillogram

14

Nicolet Accural00

Primed 0853 Friday, July 21, 2006 Serial Number : IDADZ0D151
[+1 6TE4004W ] Cumars satime:  68252-008¢ 2
[#2 D4E+004R | Current Peak: -20138. A
“btage Peak: +14436. W b
g e sl —h"““\-\\
[ifindous 1 L e = t L L
-
2 D4Es0042 _/
L1 g1 B0
otin - 100 nsspt Sweep Tme: | [Curt-GND: 48 2786 A CurZ-Curt: 27173 A
[Eoom : 20 nsipt tomsmplis | |curt-TRIG: -2 8518 s Curz-Curl: 27,9918 ps
[Eoom Oniy Memory: [Tig: Blge FPretrigger: 424 Banduidth
l5:1 2000 CHZ OC Neg UL 29217 A LL:-50505 A | |4.4He

TCA1 Zoom 1121, 206 oo
+mEDY [tus
[FCHz Zoom 0521, 206 (oot
+SEan s [tus
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Sample 3, Oscillogram 15

Nicolet Accural00
Printed : 08:37 Friday, July 21, 2006 Serial Number : 1040200151
[+1 8TE@04VT Cumrern risetime: 8 5125e-008= z (o1 Zoom 4121, 208 G625
[+2 D4E4004A Cumrarn Paic: 20173, 2 Dy [P
: . ez Zoom 4121, 208 Tz
Vbltage Peak: +14478."%" || — "
]
[ 1 2 e
T-
|2 04Em048 \/
[-1.81 B0
(Main : 100 n=/pt Suweep Time: Curl-GND: +10.604 & CurZ-Curt: -136.53 A
Zoom 20 nsfpe 10w smptts | |Curt-TRIG: -2.9818 s Curd-Curt: 27.9918 ps
[Foom Only ey [Tig: Edge FPretrigger 4.2% Banduidthy
5:1 2000 CHZ DG Neg UL: 20217 A LL: 50595 A [4.4hAHz
Sample 1, Oscillogram 22
Nicolet Accural00
Printed : 14:09 Friday, July 21,2006 Serial Humber : IDA0200151
[+1.41E+009% | orual ourment crest: 40 4;; F [l H 1 Zoom Jak 21, 305 14505
¥ h [ B e
#7004 itual cument crest: 4.01258-0065) : =
e : [C Hz 2o 121, 205 14
Cumert Peak: 4607, 14 4 B g

‘ihtage Peak: +10651."

indow 1 (1 A A+
et |
T-
T-
3 1
- 1004
-2.02 4003
ihin : 200 ns/pt Sweep Time: CurZ-GHD: -14.531 A Curz-Curl: -13.750 A
[Zoom - 100 nsépt 8 smplis Cur2 TRIB: 125.2 s CurZ-Curl: 1308 ps
[Zoom Only hemery: [Trig: Edge Pretrigger: 7.0% Bandwidth:
2:1 2000 CH2 OC Pos UL +105.20 A LL: +50.000 & |25MHz

EU 1588-H-02.1 13
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Nicolet Accural00
Printed : 14:11 Friday, July 21, 2006 Serial Number : IDA0Z00151
[+1 MBS0 ezl cument crest: 7.9 is 2
+700%, “rtual cument crest: 3.985-008s }mﬁ E 1213
Cument Pazk: 460872 A
: ! +mme EIg
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e
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-
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i - 200 nzfee Susep Tme: | [CurZ-GND: -13.281 A CurZ-Curl: 33750 A&
[2eom : 100 nsip S smplis Cura-TRIG: 126.2 s Curz-Curl: 130.8 ps
[Foom only Memany [Trig: Edge Bandwidth
|2:1 2000 CHZ DC Pos  UL: +105.20 A LL: +50.000 A |25tHz
Sample 3, Oscillogram 24
Nicolet Accural00
Printed : 19:12 Friday, July 21,2006 Serial Namber - IDAOZ00161
[+1.41E4004% sctual cument crest: 40.4 s [BeH1 Zeom Jnz1, 206 141205
K h g v &
+00A “Artual curent crest; 4.0075s-005<] ;wz T e
; ! Zoom J121. e 1
Cumert Peak: 4508.72 A&
: ) Fimma B
“bltage Peak: +10851. L
il Py,
(Window 1 + ++ +H T - - +
ulllwﬂ'm " la
T
T
X i3
1008
-20zED0TY
pin - 200 nsipr Swesp Time: | [Curl-GND: 433,395 A Curz-Curl: -46. 667 &
[Eoom - 100 nsipe S0 smplis Curl- TRIG: -5.6 ps Curz-Curl: 130.8 ps
Eoom only Memory Trig: Edge Banduidih
21 000 CHZDC Pos UL +105.20 A LL: 460.000 & | [zotaHe
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Sample 1, Oscillogram 25

Nicolet Accural00
Printed : 14:26 Friday, July 21, 2006 Serial Number : 100200151
EEIT pmppm————.4 T G H1 Zoom du2r, A6 1425
+1ABH003A [ inual cumane crest: 4.0975: il Fow
; ! BoHazoon 10421, 305 1558,
Curart Pazk: +10022 4 D D
Vbitage Pezk: +11050."v
R R N Rl N EERS!
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.
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s
7
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-2 DZEAI03Y
IMBin © 200 nsspt Sweep Time: Curl-GHD: -1.9271 A Curz-Curl: -23.333 A
[Zoom : 100 ns/pt Bt smplis Curl - TRIG: 6.4 ps Cur-Curl: 131 6 ps
Zoom Only Wemary. [Tig Bdge Fretrigger: 7.0% Banduidth
1 2000 CH2 DC Pos UL 421040 4 LL: 410000 A | (280
Sample 2, Oscillogram 26
Nicolet Accural00
Printed ; 1427 Friday, Juy 21, 2008 Sarial Number : IDAQ200151
R PO ————g ] [ Zoom Jw21. 208
+14E0034 [prtual cument orest: 4.0376e-005s ;fzi:om T £
; ! e
Current PEIEk +1006 4‘A AN ‘mlli
“hltage Peak: +11060. W
] ] [ ")
Windew 1 L e | e 1
T
T-
¥ il
2004
-2.02E403v
Igin : 200 ns/pt Smeep Time: Curl-GND: -1.0038 A Cur?-Curl: -23.333 A
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Sample 3, Oscillogram 27
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Sample 2, Oscillogram 35
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IEEE Design Test Report
Report No. EU1588-H-03.1
Type EVP Station Class Arrester

MOV Disc Accelerated Aging

This report summarizes the results of design tests made on the Type EVP
Station Class arrester design. Tests were performed in accordance with
procedures of IEEE Std C62.11-2012, “IEEE Standard for Metal-Oxide Surge
Arresters for AC Power Circuits (> 1 kV).”

To the best of our knowledge and within the usual limits of testing practice, tests

performed on these arresters demonstrate compliance with the relevant clauses
of the referenced standard.

oo W ja)w’m -

Dennis Lenk Saroni Brahma
Principal Engineer Design Engineer

Date: 3/27/14
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Type EVP Station Class Surge Arrester
Disc Accelerated Aging

INTRODUCTION: Tests were performed to measure MOV disc aging
characteristics. Measured watts values are used to develop elevated voltage
ratios k. and k; for use in proration of duty cycle and discharge current withstand
test samples.

TEST SAMPLES: Six arrester modules (three with the longest MOV disc and 3
with the shortest MOV disc) were tested.

TEST PROCEDURE: Tests were performed per section 8.5 of the IEEE C62.11-
2012 standard. Samples were placed inside a 115°C +2°C oven and energized
at a voltage level greater than MCOV for 1,000 hours.

TEST RESULTS: Watts loss for each sample was measured at relevant MCOV
two hours after energization and at the completion of the 1000 hour test duration.
The table below summarizes test data.

Accelerated aging test data

Watts loss @ Watts loss at Elevation
Sample No. -length | 2Hr-5Hr P1c 1000 Hr @ Factor Kc
(w)@ Mcov MCOV P2c (w)
1-24 1.62 1.07 1
2-24 1.73 1.13 1
3-24 1.57 1.06 1
1-41 3.49 2.29 1
2-41 3.38 2.17 1
3-41 3.4 2.2 1

CONCLUSION: Each test sample demonstrated continually declining Watts loss
at MCOV. Therefore, k. factors equal 1.0.

EU 1588-H-03 2



ity HUBBELL

= Power Systems

IEEE Design Test Report
Report No. EU1588-H-04.1
Type EVP Station Class Arrester

Polymer Aging

This report summarizes the results of design tests made on the Type EVP
Station Class arrester design. Tests were performed in accordance with
procedures of IEEE Std C62.11-2012, “IEEE Standard for Metal-Oxide Surge
Arresters for AC Power Circuits (> 1 kV).”

To the best of our knowledge and within the usual limits of testing practice, tests
performed on these arresters demonstrate compliance with the relevant clauses
of the referenced standard.

Dennis Lenk Saroni Brahma
Principal Engineer Design Engineer

Date: 1/10/2014
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Type EVP Station Class Surge Arrester
Polymer Housing Aging
INTRODUCTION:

The polymer housing accelerated aging tests were performed per Section 8.7 of
the IEEE C62.11-2012 standard. The purpose of this test was to verify the
electrical integrity of the arrester polymer housing after being subjected to 1000
hours in a salt fog environment.

SAMPLE PREPARATION:

A 115 kV MCOV EVP arrester (longest electrical unit) was assembled for this
test.

Note: EVP was called PVN optima at the time of launch. The catalogue number
in the third party test report (PSCPVN011500) is an equivalent EVP011500.

TEST PROCEDURE:

The 1000 hour weathering test was performed per Section 8.7.3 of the IEEE
C62.11-2012 standard.

TEST RESULTS:

The test arrester successfully withstood the 1000 hour salt fog exposure test with
no evidence of surface tracking, erosion, or puncturing. Per Section 8.7.4, the
reference voltage change, as a result of the 1000 hour test, was less than the
allowed 5%. In addition, the partial discharge measured at the completion of the
test was less than the allowed 10pC.

TEST CONCLUSIONS:

The EVP Station Class arrester design successfully passed the 1000 hour salt
fog test, as defined in Section 8.7 of the IEEE C62.11-2012 standard.

EU 1588-H-04.1 2
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ANNEX- Salt Fog Test

The following attachment confirms the successful completion of the salt fog
polymer aging test performed on the longest Type EVP electrical unit.

EU 1588-H-04.1 3
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IEEE Design Test Report
Report No. EU1588-H-05.1
Type EVP Station Class Arrester

Contamination

This report summarizes the results of design tests made on the Type EVP
Station Class arrester design. Tests were performed in accordance with
procedures of IEEE Std C62.11-2012, “IEEE Standard for Metal-Oxide Surge
Arresters for AC Power Circuits (> 1 kV).”

To the best of our knowledge and within the usual limits of testing practice, tests
performed on these arresters demonstrate compliance with the relevant clauses
of the referenced standard.

Dennis Lenk Saroni Brahma
Principal Engineer Design Engineer

Date: 1/10/2014
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Type EVP Station Class Surge Arrester
Contamination

INTRODUCTION: The polymer housing accelerated aging tests were performed
per Section 8.8 of the IEEE C62.11-2012 standard. The tests were performed on
a three unit 180 kV MCOV arrester.

TEST PROCEDURE: The partial wetting contaminant was prepared per Section
8.8.2.2 and the test procedure was performed per Section 8.8.2.3 of the IEEE
C62.11-2012 standard. Prior to the application of contaminant (450 ohm-cm
resistivity), the arrester was energized at MCOV for 1 hour. After 1 hour of
energization, the arrester was de-energized and slurry contaminant was applied
over the entire surface of the bottom half of the arrester. After a 7 minute wait,
the arrester was energized at MCOV for 15 minutes, at which time the voltage
was turned off and the bottom half of the arrester re-sprayed with contaminant.
Within 5 minutes of de-energization, the arrester was reenergized at MCOV.
After 15 minutes, the arrester resistive component of current was recorded. After
30 additional minutes at MCOV, re-measurement of the resistive current
confirmed thermal stability at which time the test was completed.

TEST RESULTS: The 180 kv MCOV arrester demonstrated thermal stability
after the second partial wetting test series. No unit or arrester flashover occurred
during the above testing. Disassembly of the test arresters revealed no damage
to the internal components as a result of the partial wetting contamination test.

EU 1588-H-05.1 2
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IEEE Design Test Report
Report No. EU1588-H-06.1
Type EVP Station Class Arrester

Radio Influence Voltage

This report summarizes the results of design tests made on the Type EVP
Station Class arrester design. Tests were performed in accordance with
procedures of IEEE Std C62.11-2012, “IEEE Standard for Metal-Oxide Surge
Arresters for AC Power Circuits (> 1 kV).”

To the best of our knowledge and within the usual limits of testing practice, tests
performed on these arresters demonstrate compliance with the relevant clauses
of the referenced standard.

Dennis Lenk Saroni Brahma
Principal Engineer Design Engineer

Date: 1/10/2014
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Type EVP Station Class Surge Arrester
Contamination

TEST PROCEDURE AND SAMPLE:

Internal ionization and RIV testing was performed per clause 8.10 of the IEEE
C62.11-2012 standard. The test was performed on a 180 kv MCOV EVP
arrester.

TEST EQUIPMENT:

Equipment and test methods conformed to NEMA LA 1-1992 requirements. Prior
to the test, the Stoddart Noise Meter NM-25T was calibrated using a General
Radio Signal Generator Type 1001-A.

TEST RESULTS:

A background noise level of 1.2 uV was measured at an open circuit voltage of
189 kV (105% MCOV). With the 180 kV arrester placed in the circuit, a noise
level of 1.2 pV was measured.

CONCLUSION:
The 180 kv MCOV EVP arrester passed test requirements per Section 8.10 of

the IEEE C62.11-2012 standard, as measured noise levels were within the 10 pVv
RIV test limit.
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IEEE Design Test Report
Report No. EU1588-H-07.1
Type EVP Station Class Arrester

Partial Discharge

This report summarizes the results of design tests made on the Type EVP
Station Class arrester design. Tests were performed in accordance with
procedures of IEEE Std C62.11-2012, “IEEE Standard for Metal-Oxide Surge
Arresters for AC Power Circuits (> 1 kV).”

To the best of our knowledge and within the usual limits of testing practice, tests
performed on these arresters demonstrate compliance with the relevant clauses
of the referenced standard.

/
Dennis Lenk Saroni Brahma
Principal Engineer Design Engineer

Date: 1/10/2014
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Type EVP Station Class Surge Arrester
Partial Discharge

INTRODUCTION:

The polymer housing partial discharge test was performed per Section 8.11 of
the IEEE C62.11-2012 standard. The test was performed on a 180 kv MCOV
EVP arrester.

TEST EQUIPMENT:

Equipment and test methods conformed to the IEEE 454-1979 standard.

TEST RESULTS:

The arrester with grading ring was energized at 1.05 times MCOV. At 189 kV, the
arrester’s partial discharge level measured 6.5 pC, with an ambient 5.8 pC
background level.

CONCLUSION:

The 180 kv MCOV EVP arrester passed test requirements per Section 8.11 of

the IEEE C62.11-2012 standard, as measured partial discharge levels were
within the 10 pC test limit.

EU 1588-H-07.1 2
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IEEE Design Test Report
Report No. EU1588-H-08.0
Type EVP Station Class Arrester

Switching Surge Energy Rating

This report summarizes the results of design tests made on the Type EVP
Station Class arrester design. Tests were performed in accordance with
procedures of IEEE Std C62.11-2012, “IEEE Standard for Metal-Oxide Surge
Arresters for AC Power Circuits (> 1 kV).”

To the best of our knowledge and within the usual limits of testing practice, tests
performed on these arresters demonstrate compliance with the relevant clauses
of the referenced standard.

/
/ _
Dennis Lenk Saroni Brahma
Principal Engineer Design Engineer

Date: 1/10/2014
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Type EVP Station Class Surge Arrester
Switching Surge energy Rating

INTRODUCTION: Switching surge energy rating tests were performed per section
8.14 of the IEEE C62.11-2012 standard. Tests were performed per Station Class
arrester requirements. The main objective of this test is to claim an energy class
as per Table 13 of the above mentioned standard.

TEST SAMPLE: As required by the standard, the prorated test sections
contained the minimum MOV mass required for the design.

TEST PROCEDURE: The test sections were conditioned with six groups of three
current impulses corresponding to energy class F (11kJ/kV). The assigned
conditioning level testing was followed by two 65kA, 4/10 impulses, spaced 50 to
60 seconds apart. The prorated sections were then placed into an oven until the
temperature stabilized at 68°C.

After stabilization, test samples were subjected to long duration current impulses
(2000 to 3000 ps). Within 100ms from the application of the second discharge
the duty cycle rated voltage was applied for 10s followed by power frequency
recovery voltage for 30mins to demonstrate thermal recovery.

TEST RESULTS:

MCOQOV = 0.795*Vref;
Duty cycle rated voltage = 1.236*MCOV
MCOQV of Sample < 9.302 kV rms (calculated from measured Vref)

The targeted energy class for this design was Class F with a 2-shot energy rating
of 11 kJ per kV MCOV. As such, all test sections were subjected to 18 shots
having a 5.5 kJ per kV MCOV energy rating.

Figure 1 shows the Class F conditioning impulse while Figure 2 shows an
oscillogram of a typical 65 kA high current impulse.

EU 1588-H-08 2
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Figure 1: Conditioning impulse at class F
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Figure 2: Example of 65kA (4/10) impulse waveform
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During the thermal recovery portion of the switching surge energy rating test, it
was discovered that the prorated test sections could not thermally recover after
exposure to the required Class F 11 kJ per kV MCOV energy discharges,
followed by 10 seconds at rated voltage.

The thermal recovery testing was repeated at the Class E 2-shot energy rating
level of 9 kJ per kV MCOV. Figure 3 shows an oscillogram of the energy
discharge followed by 10 seconds at rated voltage on sample 2, while Figure 4
demonstares the thermal stability of the test section during the recovery voltage
portion of the test.
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_.
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BB D zac \iated Energy: 48526 Ve

Mindow 3

It
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Figure 3: Class E energy shot on Sample 2 (41.859kJ/shot)

Tables 1 and 2 illustrate the duty cycle and thermal recovery data respectively.

Time Vrated 60Hz
(sec) (KVc) (MA)
0.060 | 16.521 161.7
1.032 | 16.531 158.3
2.064 | 16.573 154.2
3| 16.594 154.2
4.008 | 16.594 151.3
5.016 | 16.583 147.5
6.048 | 16.583 148.8
7.08 | 16.583 147.9
8.136 | 16.563 144.6
9.10 | 16.573 147.1
10.20 | 16.594 148.3
Table 1: 10 sec Duty Cycle Voltage data on Sample 2

EU 1588-H-08 4
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Elapsed | Recovery It Ir

Time (KVgums) (mA() (mAc) Watts
0:00:00 9.59 -12.53 | -11.82 48.25
0:00:30 9.62 -10.57 | -10.26 40.55
0:01:00 9.56 -9.02 -8.65 35.68
0:02:00 9.59 -8.56 -7.94 33.22
0:05:00 9.56 -7.04 -6.78 28.32
0:10:00 9.56 -6.28 -6.06 24.75
0:20:00 9.54 -5.17 -4.73 20.71
0:30:00 9.57 -4.87 -4.55 19.12

Table 2: 30 min Recovery Voltage data on Sample 2

[Tek Stop M40.0ms > (] |
| 10,3V
5.00V

120 Hz
9.62 Hz

ok Bk

Ch1 RMS
9.390V

Ch2 Max
5.191V

Ch2 Min
-3.618V

Math Mean
21.59 VvV

Chil 500V &8 5.00v |Z4.00ms A Chi S 400mv,
3 Dec 2013
Math [ 50.0VV ___ 4.00ms i~ [106.400ms 10:13:31

Figure 4: Recovery Oscillogram- Sample 2

Per the test evaluation procedure as specified in Section 8.14.5 of the standard,
the switching surge voltage of each test section was measured before and after
the energy surge duty testing. Table 3 summarizes the results of this testing.
Additionally, each test section showed no evidence of physical damage.
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1KkAIR
Sa::f'e Before(kVc) Afiekrpili?Ic) % Change
1 22.866 22.553 -1.37%
2 22.900 22.419 -2.10%
3 22.883 22.410 -2.06%
4 22.874 22.444 -1.88%

Table 3: 1kA IRs before and after
Conclusion:

The Type EVP prorated sections successfully passed the switching surge energy
requirements of Energy Class E as specified in Table 13 of IEEE C62.11-2012.

EU 1588-H-08
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IEEE Design Test Report
Report No. EU1588-H-09.0
Type EVP Station Class Arrester

Single Impulse Withstand Rating

This report summarizes the results of design tests made on the Type EVP
Station Class arrester design. Tests were performed in accordance with
procedures of IEEE Std C62.11-2012, “IEEE Standard for Metal-Oxide Surge
Arresters for AC Power Circuits (> 1 kV).”

To the best of our knowledge and within the usual limits of testing practice, tests
performed on these arresters demonstrate compliance with the relevant clauses
of the referenced standard.

Dennis Lenk Saroni Brahma
Principal Engineer Design Engineer

Date: 1/10/2014
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INTRODUCTION: The single-impulse withstand rating test was performed per
Section 8.15 of the IEEE C62.11-2012 standard, on ten MOV blocks.

TEST PROCEDURE: Test was performed on 10 of the longest MOV blocks used
in the EVP product line. The discharge voltage (10kA, 8/20) and the reference
voltage (at 9.5mA) were measured before and after the long duration impulses
for evaluation. Each sample was then subjected to ten groups of two long
duration impulses of 2.22 ms and a charge content of 2.66 C.

Figure 1 shows the long duration impulse waveform applied on each of the MOV

discs.

Type EVP Station Class Surge Arrester
Single Impulse Withstand rating test
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Figure 1: Wave shape of long duration impulse wave form
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Vref
10KAIR |10kAIR| % 9.5m(i) Vref @ %
Sample No 9.5mA
Before After Change Before After (kVc) Change
(kVc) (kVc) (kVc)

1 13.63 13.68 0.37% 8.39 8.56 1.98%
2 13.60 13.64 0.29% 8.39 8.55 1.84%
3 13.50 13.54 0.30% 8.32 8.46 1.68%
4 13.61 13.65 0.29% 8.39 8.54 1.76%
5 13.58 13.63 0.37% 8.34 8.51 1.95%
6 13.56 13.6 0.29% 8.36 8.52 1.84%
7 13.62 13.67 0.37% 8.40 8.56 1.86%
8 13.63 Failed - 8.38 Failed -
9 13.59 13.63 0.29% 8.37 8.55 2.12%
10 13.57 13.61 0.29% 8.36 8.54 2.14%

Table 1: Before and After Discharge Voltages and Reference Voltages

Conclusion: The test was successfully completed as per the IEEE C.62.11-2012
requirements. The change in discharge voltage and reference voltage were well
within 5% of initial value. The claimed single-impulse withstand rating for the
Type EVP arrester is 2.4 C.

EU 1588-H-09.0 3
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IEEE Design Test Report
Report No. EU1588-H-10.1
Type EVP Station Class Arrester

Duty Cycle

This report summarizes the results of design tests made on the Type EVP
Station Class arrester design. Tests were performed in accordance with
procedures of IEEE Std C62.11-2012, “IEEE Standard for Metal-Oxide Surge
Arresters for AC Power Circuits (> 1 kV).”

To the best of our knowledge and within the usual limits of testing practice, tests
performed on these arresters demonstrate compliance with the relevant clauses
of the referenced standard.

/ :
Dennis Lenk Saroni Brahma
Principal Engineer Design Engineer

Date: 1/10/2014
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Type EVP Station Class Surge Arrester
Duty Cycle

INTRODUCTION: The duty cycle testing was performed per Section 8.16 of the
IEEE C62.11-2012 standard.

TEST OBJECTIVE: Section 8.16.3 of the IEEE C62.11-2012 standard specifies
that the 20-shot rated voltage portion be performed with 10 kA, 8/20 s lightning
impulses and the 2-shot recovery portion of the Duty Cycle test also be
performed with 10 kA, 8/20 us lightning impulses.

TEST SAMPLE: As required by clause 8.16.1, prorated samples contained the
minimum MOV mass per specified for the design. MCOV and rated voltages
were also prorated per unit Vref to reflect the lowest margin case of the standard
voltage ratings offered in this design. The test data shows the results of testing
performed on three test sections.

TEST PROCEDURE: The prorated test section was energized at its rated
voltage and subjected to twenty 10 kA, 8/20 us discharges spaced at 1 minute
intervals. Following the twentieth impulse, the test section was placed in an oven
at 68°C. After reaching 68°C, the sample was subjected to two additional 10 KA,
8/20 ps discharges. Within 5 minutes after the second high current discharge,
the sample was energized at the prorated recovery voltage. Watts loss was
monitored over a 30 minute period demonstrating thermal stability.

TEST RESULTS: The following data summarizes the results of the duty cycle
test. Figures 1 and 2 show the 1st and 20™ shot performed during the rated
voltage portion of the duty cycle test.
Figure 1
1st Shot @ Rated Voltage
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Figure 2
20™ Shot @ Rated Voltage
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Figure 3 shows the oscillogram for the 2" 10 kA impulse applied to the section
during the recovery portion of the duty cycle test.
Figure 3
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Figures 4 and 5 show the grading current through the test section at time zero
and 30 minutes, demonstrating thermal recovery has occurred.

Figure 4
Recovery @ Time = 0 Minutes
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Figure 5
Recovery @ Time = 30 Minutes
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Prior to and after the duty cycle test, the sample 10 kA, 8/20 us discharge voltage
is measured. Table 2 summarizes this test data.

Table 2
10 kA IR Before kVc 10 kA IR After kVc % Change in 10 kA IR
27.63 27.82 +0.7

CONCLUSION: The prorated test sample successfully completed Duty Cycle
testing and demonstrated thermal stability during the recovery test. The 10 kA
discharge voltage increased 0.7%, less than the allowed 10% limit specified in
Section 8.16.4 of the IEEE C62.11-2012 standard. Disassembly revealed no
evidence of physical damage to the test sample. The EVP arrester successfully
met the Duty Cycle requirements of a Station Class arrester.

EU 1588-H-10.1
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IEEE Design Test Report
Report No. EU1588-H-11.1
Type EVP Station Class Arrester

Temporary Overvoltage

This report summarizes the results of design tests made on the Type EVP
Station Class arrester design. Tests were performed in accordance with
procedures of IEEE Std C62.11-2012, “IEEE Standard for Metal-Oxide Surge
Arresters for AC Power Circuits (> 1 kV).”

To the best of our knowledge and within the usual limits of testing practice, tests
performed on these arresters demonstrate compliance with the relevant clauses
of the referenced standard.

)
D SN IVE < IR°Y Jﬁw Lnsin
Dennis Lenk Saroni Brahma
Principal Engineer Design Engineer

Date: 1/10/2014
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Type EVP Station Class Surge Arrester
Temporary Overvoltage

INTRODUCTION: The temporary overvoltage tests were performed per Section
8.17 of the IEEE C62.11-2012 standard. Prorated sections were used to facilitate
testing of the lowest MOV mass, highest stressed arrester rating at voltages
within available laboratory facility capabilities.

TEST PROCEDURE: Per clause 8.17.3, each prorated sample was tested within
five of the six designated time ranges a - f, spanning over-voltage durations of
.01 - 10,000 seconds. Per clause 8.17.3.1, the tests were performed
demonstrating TOV capability of the design under "no prior duty" conditions. For
each TOV voltage setting, the test circuit applied voltage to the sample
(preheated to 67.7°C) for a time duration sufficient to exceed that claimed on the
"no prior duty” curve. TOV voltage was superimposed over recovery voltage such
that when TOV was removed, there was no delay prior to application of recovery
voltage. Recovery voltage was applied for 30 minutes to demonstrate thermal
stability. Per clause 8.17.3.2 each prorated section was subjected to a “prior
duty” energy discharge corresponding to class E of the switching surge energy
test followed by a similar procedure of clause 8.17.3.1.

TEST RESULTS: Tests were successfully completed on five EVP prorated
samples in five specified time ranges. Each sample demonstrated thermal
stability after TOV exposure having no signs of physical damage during
inspection. Residual voltage at 10 kA measured prior to and following the
complete TOV test series verified characteristics remained unchanged within
acceptable limits. The following table summarizes the results of the TOV test
program and applies to EVP arresters through 228 kV rating.

Table 1: Data points on Prior/No Prior Duty Curve

EU 1588-H-11.1

No Prior Duty Prior Duty TOV

TOV TOV [p.u. Class E [p.u.
Duration [s] MCOV] MCOV]
0.02 1.527 1.483
0.1 1.485 1.433
1 1.421 1.355
10 1.36 1.279
100 1.299 1.206
1000 1.236 1.128
10000 1.175 1.054
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The following curve plots the individual data points and curves of the claimed
TOV capability.

EU 1588-H-11.1

Table 2: 10 kA IR Before and After — Prior Duty Samples

EVP CLASS E ANSI PRIOR DUTY TOV CURVE @ 68°C
1.55 T X Valid Prior Duty Test Points
1 N 1 O Valid No Prior Duty Test Points
1.5 + = N D.1.5610 Existing Prior Duty Curve
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Figure 1: TOV curve for no prior and prior duty
10KA IR 10KA IR o
Sample No Before (kVc) After (kVc) % Change
1 26.802 27.148 1.29%
2 26.844 27.212 1.37%
3 26.928 27.000 0.27%
4 26.844 27.105 0.97%
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Sample No | 50 (LF\{/c) A%’[Oelj?kl\?c) % Change
5 26.907 27.418 1.90%
6 26.781 27.283 1.87%
7 26.886 27.364 1.78%
8 26.844 27.23 1.44%

Table 3: 10 kA IR Before and After — No Prior Duty Samples

Conclusion: Tests were successfully completed on four prorated samples in four
specified time ranges. Each sample demonstrated thermal stability after TOV
exposure. Residual voltage at 10 KA measured prior to and after the TOV test
series changed much less than the allowed 10%. There was no evidence of
physical damage to the test sections, validating the EVP arrester TOV capability

claim.

EU 1588-H-11.1
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IEEE Design Test Report
Report No. EU1588-H-12.1
Type EVP Station Class Arrester

Short Circuit Pressure Relief

This report summarizes the results of design tests made on the Type EVP
Station Class arrester design. Tests were performed in accordance with
procedures of IEEE Std C62.11-2012, “IEEE Standard for Metal-Oxide Surge
Arresters for AC Power Circuits (> 1 kV).”

To the best of our knowledge and within the usual limits of testing practice, tests
performed on these arresters demonstrate compliance with the relevant clauses
of the referenced standard.

Dennis Lenk Saroni Brahma
Principal Engineer Design Engineer

Date: 1/10/2014
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Type EVP Station Class Surge Arrester
Short Circuit Pressure Relief

INTRODUCTION: The short circuit pressure relief tests were performed per
Section 8.18 of the IEEE C62.11-2012 standard. The short circuit testing was
performed in the Powertech High Power Laboratory in Surrey, B.C. Canada on
April 1, 2011.

SAMPLE PREPARATION: Samples were made in conformance to section
8.18.2.4, Design B. A 61 kV MCOV sample (longest single mechanical unit) was
made for the rated current test of 63 kAms, and a 24.4 kv MCOV sample was
made for the 400-800 Ans low current test. An internal fuse wire (per Note 2 of
the standard) was used through the middle of both samples. This wire passed
through drilled holes, 3.5 mm in size, within a half radius of the center of the
internal valve elements.

TEST PROCEDURE: To achieve the high levels of fault current from a limited
voltage source (5.6 kV), the samples were pre-faulted with the fuse wire, as
described above. The fault was initiated with the fuse wire, followed by the
application of the target fault current for each arrester.

TEST RESULTS: Test results are summarized in the table below.

Test Number 1 2
Arrester MCOV KVims 61 24.4
Actual RMS KArms 62.3 0.6
Eff. Claimable KArms 63 0.6
Test Current Peak KAveak 94 2 (Not measured)
Duration ms 243 1010
Heaviest part Soft g 864 0
outside circle Hard g 0 0
Duration of flames S 0 0

CONCLUSION: High current passed the test at a 62.3 kAs rating. Assignment
of 63 kAms rating is based on recognizing that the 1t=894x10° A%s achieved (due
to a longer duration of 1010 ms) is more severe than the target of 1°t=794x10°
A’s. Missing the exact target current is not uncommon due to the unpredictability
of the arc impedance, hence the increase in arc duration to help compensate for
any test mishap in not meeting the target current exactly (i.e. hedging with an
ultimately more severe short circuit event).

The 24.4 kV MCOV sample passed the low current short circuit test at 600 Ams
for 1 second.

EU 1588-H-12.1 2
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IEEE Design Test Report
Report No. EU1588-H-13.1
Type EVP Station Class Arrester

Maximum Design Cantilever Load (MDCL)
And Moisture Ingress Test

This report summarizes the results of design tests made on the Type EVP
Station Class arrester design. Tests were performed in accordance with
procedures of IEEE Std C62.11-2012, “IEEE Standard for Metal-Oxide Surge
Arresters for AC Power Circuits (> 1 kV).”

To the best of our knowledge and within the usual limits of testing practice, tests
performed on these arresters demonstrate compliance with the relevant clauses
of the referenced standard.

/

/
Dennis Lenk Saroni Brahma
Principal Engineer Design Engineer

Date: 1/10/2014
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Type EVP Station Class Surge Arrester
MDCL and Moisture Ingress Test

INTRODUCTION: The maximum design cantilever load (MDCL) and moisture
ingress test were performed per Section 8.22 of the IEEE C62.11-2012 standard.

SAMPLE PREPARATION: Sample was made in conformance to section 8.22.1
of the standard, using the longest EVP mechanical unit, 61 kV MCOV, in the form
of a tripod base and a single bolt mount cap base (which also serves as a multi-
unit joint and optional base for the purposes of this test).

TEST PROCEDURE: Initial electrical tests were performed, followed by terminal
preconditioning to the amount of 25 ft*lbs for a duration of 30 s. The sample was
mounted in a thermal cycling oven and load was applied at 10,000 in*lbs for the
tripod base and 6,667 in*lbs for the cap base in the four principal directions as
outlined in the procedure, while thermally cycling in each direction following the
alternating temperature extremes from the standard. At each stage of this
rotation, the total deflection and residual deflection were measured.

Within 24 hours of the thermal cycling the arrester was once again tested in all
four principle directions for maximum deflection and residual deflection at
ambient temperature.

Next the arrester was subjected to the 42 hour water immersion boiling portion of
the test. Within the 8 hour time frame after this test, with allowance of the sample
to return to room temperature, the samples were once again electrically tested
for comparison to the initial measurements.

TEST RESULTS: The evaluation requirements and actual measurements are
compared in the tables below and demonstrate compliance to the standard.

Table #1: Electrical Comparisons — Initial vs. Final

Initial Measure (@ 22.6°C) Final Measure Requirement Evaluation

(@ 24.1°C)
7.48 W @ 100% MCOV 7.68 W (+ 2.7%) < 20% increase PASS
177.4 kV, 10 kA discharge | 177.1 kV (- 0.2%)* < 5% change PASS
(Oscillograms of V and I) (Oscillograms) No breakdown PASS
4.1 pC PD @ 105% MCOV 3.4 pC* <10 pC PASS

*Could not complete this portion within the 8 hour timeframe due to lab constraints

EU 1588-H-13.1 2
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Table #2: Deflection during thermal testing

Angle of Max Deflection Perma_nent
: Deflection at
Load Applied | at Rated Load
[degrees] [mm] Rated Load
[mm]
0 45 2
180 46 3.5
270 43 1
90 43.5 2

Table #3: Deflection at ambient after thermal testing

Angle of Max Deflection Permqnent
. Deflection at
Load Applied | at Rated Load
[degrees] [mm] Rated Load
[mm]
0 435 1
180 46 1
270 44 0.5
90 43,5 1

CONCLUSION: The comparison of electrical values before and after the test falls
within the limits of the C62.11 standard and demonstrate strong seal integrity
under extreme conditions. The deflection values recorded, in combination with
the electrical values measured, demonstrate that the manufacturer’s claimed
mechanical requirements resulted in no permanent damage to the arrester.

EU 1588-H-13.1



@

HUBBELL

Power Systems

HUBBELL

IEEE Design Test Report
Report No. EU1588-H-14.1
Type EVP Station Class Arrester

Thermal Equivalency

This report summarizes the results of design tests made on the Type EVP
Station Class arrester design. Tests were performed in accordance with
procedures of IEEE Std C62.11-2012, “IEEE Standard for Metal-Oxide Surge
Arresters for AC Power Circuits (> 1 kV).”

To the best of our knowledge and within the usual limits of testing practice, tests
performed on these arresters demonstrate compliance with the relevant clauses
of the referenced standard.

Dennis Lenk Saroni Brahma
Principal Engineer Design Engineer

Date: 1/10/2014
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Type EVP Station Class Surge Arrester
Thermal Equivalency

INTRODUCTION: The polymer housing accelerated aging tests were performed
per Section 7.2.2.3 of the IEEE C62.11-2012 standard.

PURPOSE: The purpose of this test is to verify that the thermal cooling curve for
the Type EVP prorated section, when internally heated, will cool slower than that
of a full size EVP arrester unit.

PROCEDURE: The full size arrester and the prorated section were heated up by
applying a temporary overvoltage to the test samples. The test procedure is
defined in Section 7.2.2.3 of IEEE C62.11-2005 Standard. The full size arrester
unit (72kV rated) was instrumented with (1) internal thermocouple located in the
middle of the MOV disc stack. The temperature of the arrester thermocouple was
monitored at 5 minute intervals to develop the arrester unit cooling curve. The
prorated section was instrumented with a single thermocouple and its cooling
rated was also monitored at 5 minute intervals. The cooling rate during the 1% 15
minutes was slower for the EVP section than the arrester. To assure thermal
equivalency, as allowed by the standard, the starting temperature of the section
cooling curve was raised from the targeted 140 °C point (for the arrester) to 147.7
°C for the prorated section.

SUMMARY: The following cooling curve confirms that the cooling rate of the
EVP prorated section is slower than that of the full size EVP arrester unit,
confirming the thermal equivalency of the prorated section to the full size
arrester.

EU 1588-H-14.1 2
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