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This report records the results of type tests made on HS series 20 kA Line
Discharge Class 5 arresters, rated up to 612 kV. Tests were performed in
accordance with procedures of IEC Standard 60099-4, Ed. 2.0, 2004,

arresters - Part 4: Metal-oxide surge arresters without gaps for a.c. systems.”

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
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Separate reports provide details of each test, according to the following table:

Report No. Description Clause Issue date
EU1518-H-01 | Insulation Withstand Test on Arrester 8.2.6,8.2.7, | 9/23/2004
Housing 8.2.8
EU1518-H-02.1 | Residual Voltage 8.3.1,8.3.2, [ 2/2/2007
8.3.3
EU1518-H-03 | Long Duration Current Withstand 8.4.2 9/23/2004
EU1518-H-04 | Accelerated Aging Procedure 8.5.2 9/23/2004
EUI1518-H-05 | Heat Dissipation Behaviour of Test 8.5.3/annex B | 9/23/2004
Section
EU1518-H-06 | Switching Surge Operating Duty 8.5.5 9/23/2004
EU1518-H-07 | Short Circuit 8.7/Annex N | 9/23/2004
EU1518-H-08 | Internal Partial Discharge 8.8 9/23/2004
EU1518-H-09 | Bending Moment 8.9 9/23/2004
EU1518-H-10 | Seal Leak Rate 8.11 9/23/2004
EU1518-H-11 | RIV 8.12 9/23/2004
EU1518-H-12.1 | Power Frequency Voltage Versus Time Annex D 2/2/2007
EU1518-H-13 | Artificial Pollution Annex F 9/23/2004
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IEC Type Test Report
Report No. EU1518-H-01

HS5 Series Porcelain-housed Arrester
20,000 A Line Discharge Class 5

Insulation Withstand Test on Arrester Housing

This report records the results of type tests made on HS series 20 kA Line Discharge
Class 5 arresters, rated up to 612 kV. Tests were performed in accordance with
procedures of IEC Standard 60099-4, Ed. 2.0, 2004, “Surge arresters - Part 4:
Metal-oxide surge arresters without gaps for a.c. systems.”

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.

M. G. Comber
Manager, Engineering

Date: 9/23/2004




EU1518-H-01

IEC TYPE TEST REPORT
Insulation Withstand Test on Arrester Housing

TESTS PERFORMED:
Insulation withstand tests were made on one arrester unit with internal components
removed. Tests were conducted according to the procedures of Clauses 8.2.6, 8.2.7 and
8.2.8 of IEC 60099-4, which stipulate that the external insulation withstand of the arrester
housing shall conform to the following:
* Lightning impulse withstand voltage in dry conditions shall not be less than the
lightning impulse protective level of the arrester unit multiplied by 1.3.
* Switching impulse withstand voltage in wet conditions shall not be less than the
switching impulse protective level of the arrester unit multiplied by 1.25.
* Power frequency withstand voltage (peak value) in wet conditions shall not be
less than the switching impulse protective level of the arrester unit multiplied by
1.06 for a duration of 1 min.

RESULTS:

The HS5 series of arresters uses three different housing lengths, all of the same individual
weathershed geometry; they are designated as P14, P20 and P26. The P26 is the longest
of the three housings and also has the highest voltage stress per unit length, as indicated
in Table 1. The insulation withstand tests were performed on a sample constructed with a
P26 housing.

The maximum lightning impulse protective level associated with this housing (U, = 117.5
kVrms) is 339 kV at 20kA., and the associated maximum switching impulse protective
level is 282 kV at 2kA.

Table 1. Porcelain housings used in HS series arresters

. Max U, used in | Max voltage stress
Housing Dry arc length .
Desienation housing U, / dry arc length
g mm kVrms V/mm
P14 813 65.5 80.6
P20 1044 90 86.2
P26 1303 117.5 90.2
Lightning impulse

The lightning impulse test was performed under dry conditions by applying 15 positive
and 15 negative full-wave lightning-impulse voltages to the test sample. The impulse
voltages had a virtual front time of 1.2 us (£30%) and a virtual time to half value of 50
us (£20%). The test sample withstood all impulses without disruptive discharge. The
withstand voltages obtained were corrected to standard atmospheric conditions in
accordance with IEC 60060-1.

The required minimum lightning impulse withstand voltage is 1.3 times the maximum
lightning impulse protective level, or 1.3 x 339 =441 kV.

D
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Switching impulse

The switching impulse test was performed under wet conditions by applying 15 positive
and 15 negative full-wave switching-impulse voltages to the test sample. The
precipitation conditions and resistivity of the water were in accordance with the
requirements of IEC 60060-1. The impulse voltages had a time to crest value of 250 ps
(£20%) and a time to half value of 2500 ps (£60%). The test sample withstood all
impulses without disruptive discharge. The withstand voltages obtained were corrected
to standard atmospheric conditions in accordance with IEC 60060-1.

The required minimum switching impulse withstand voltage is 1.25 times the maximum
switching impulse protective level, or 1.25 x 282 =353 kV.

Power frequency

The power frequency test was performed under wet conditions by applying a 60 Hz
voltage for a duration of 1 min. The precipitation conditions and resistivity of the water
were in accordance with the requirements of IEC 60060-1. The test sample withstood the
applied voltage without disruptive discharge.

The required minimum power frequency withstand voltage is 1.06 times the maximum
switching impulse protective level, or 1.06 x 282 = 299 kVpeak.

Tests were successfully performed at levels significantly higher than the minimum levels
indicated above. Results are summarized in Table 1.

Table 1. Measured and corrected withstand values

Uncorrected Atmospheric conditions Correction factors
ithstand - - ! - Corrected
Withstand test withstan Ambient Air AbS(.) 1.1te AIF Humidity | withstand
voltage temperature | pressure humidity | density
kV pk °C KPa gm” ky ky kV peak
;(‘)gshmmg impulse, 498 235 98.2 18.06 958 1.028 490
E;ihmmg impulse, 503 235 98.2 18.06 958 1.028 495
E(‘:;‘whmg impulse, 413 22.9 98.5 Wet test 963 1.000 398
rsl:gwhmg impulse, 420 22.9 98.5 Wet test 963 1.000 404
60 Hz 479 214 98.2 Wet test 964 1.000 462
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IEC Type Test Report
Report No. EU1518-H-02

HS5 Series Porcelain-housed Arrester
20,000 A Line Discharge Class 5

Residual Voltage

This report records the results of type tests made on HS series 20 kA Line Discharge
Class 5 arresters, rated up to 612 kV. Tests were performed in accordance with
procedures of IEC Standard 60099-4, Ed. 2.0, 2004, “Surge arresters - Part 4:
Metal-oxide surge arresters without gaps for a.c. systems.”

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.

M. G. Comber
Manager, Engineering

Date: 2/2/2007
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IEC TYPE TEST REPORT
Residual Voltage

TESTS PERFORMED:

Residual voltage measurements were made on three single resistor elements. Tests were
conducted in accordance with clauses 8.3.1, 8.3.2 and 8.3.3 of IEC 60099-4, to determine
steep current impulse residual voltages at 20 kA, lightning impulse residual voltages at
10 kA, 20 kA and 40 kA, and switching impulse residual voltages at 0.5 kA and 2 kA.
Oscillograms of current and voltage were obtained for each test.

The HS series of arresters ia comprised of multiple units in which each unit contains two
matched parallel columns of non-linear resistors. Residual voltage tests were performed
on individual resistors of diameter 75 mm and height 32 mm. To enable the
determination of residual voltages for a complete arrester at the current levels identified
above, the residual voltage tests were performed at currents that are one-half of the
values identified above.

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 on the
individual resistor, equivalent to 20 kA in the two column arrester), and the results have
been displayed in graphical form, showing per unit voltage vs. arrester impulse current.

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.

Table 1. Measurements made on test sample 1

Equivalent
Test Wave Eiztgili{[réceigt 2;:$;r;n Waveshape | Residual Voltage | Oscillogram
current

kA kA s kV p.u number
Steep 10 20 12 10.88 | 1.080 25
current
Lightning S 10 942 | 0.935 1
impulse 10 20 8/20 10.07 1.000 4

20 40 10.90 1.082 7
Switching 0.25 0.5 36/76 7.91 0.791 13
impulse 1 2 8.35 0.829 19




Table 2. Measurements made on test sample 2

EU1518-H-02.1

Equivalent
Current 2-column . :
Test wave | magnitude arrester Waveshape | Residual Voltage | Oscillogram
current
kA kA S kV p.u. number

Steep 10 20 1/2 10.88 | 1.084 26
current
Liohtnin 5 10 9.37 0.933 2
ST 10 20 8/20 10.04 | 1.000 5

P 20 40 10.86 | 1.082 8
Switching 0.25 0.5 36/76 7.86 0.783 14
impulse 1 2 8.30 0.823 20

Table 3. Measurements made on test sample 3
Equivalent
Current 2-column . :
Test wave | magnitude arrester Waveshape | Residual Voltage | Oscillogram
current
kA kA S KV p.u. number

Steep 10 20 12 10.87 | 1.084 27
current
Lichtni 5 10 9.38 0.934 3
S e 10 20 8/20 10.04 | 1.000 6

P 20 40 10.87 | 1.083 9
Switching 0.25 0.5 36/76 7.88 0.785 5
impulse 1 2 8.32 0.829 1

The results are shown graphically in the following chart.

When expressed in terms of per
unit of the residual voltage at nominal discharge current, the residual voltages of Type H5
arresters for steep front, lightning impulse and switching impulse do not exceed values
shown in this chart.
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The values shown in this chart are all normalized to the lightning impulse residual
voltage at nominal discharge current (20 kA). These values (Per-unit Uyes.chart) are used
to calculate the residual voltage characteristics (U, es-arreser) Of assembled HS series
arresters. For the cases of switching impulse and lightning impulse residual voltages, the
arrester residual voltages are calculated as follows:

Ures—arrester = Per-un lt 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 I n / T; f

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 (= 20 kA)

Tris the front time of the steep current impulse (= 1ps)
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Annex

Oscillograms



Oscillogram 1
Sample 1

EU1518-H-02.1

Nicolet Accural00
Printed : 14:24 Friday, February 06, 2004 Seral Humber : 1040200151
+2.02 EH004 | Cument risetime: §.6575e-006s z [ICH 1 Zoom Febrian 05, 204 1433048
+8.14E4003A | Cumrant Peak: 50516 A I ;C“;Z" — [+
[ ! 1 Zoom Febnan DS, :
“Whltage Peak: +0420 W T s Ty |‘ m
iindow 1 -+ttt n[“'
T— 1
T UL
-2 14E4002 A T
-2 0ZE+004
higin : 100 nstpt Sweep Time: Curl-GHO: +01 A CurZ-Curl: -62.625 &
Zoom 20 nstpt 100 smpli=s Curl-TRIG: -4.2218 p= CurZ-Curl: 26.9518 p=
Zoom Only [—— Trig: Edge Pretrigger: 4.0% Bandwidth:
5:1 2000 CH2 OC Meg UL:-906.02 A LL:-2036 A <+ hiHz




Oscillogram 2
Sample 2

EU1518-H-02.1

Nicolet Accural 00

Printed : 14:26 Friday, February 06, 2004 Seral Humber : 1040200151

i
+2 0B Cument risetime: §.5625e-0065

+8. T4EHID3A | Cument Peak: -5037 A
“oltage Peake: +0367 .45

iindow 1 LI B e e - o o L e e I s B ) :::."ﬂhﬁn
| ! (
T T
-2 14E4002 A T
-2 0ZE+004
higin : 100 nstpt Sweep Time: Cur2-GMO: -21.208 A CurZ-Curl: -10.604 &
Zoom 20 nstpt 100 smpli=s Cur2-TRIG: 23.76 ps CurZ-Curl: 27.9918 p=
[Zoom Only Memory Trig: Edge Pretrigger: 4.0% Bandwidth:
5:1 2000 CH2 OC Meg UL:-906.02 A LL:-2036 A <+ hiHz

[CH 1 Zoom Febnan D5, A4 143633

05 |‘ pE
HCH2 Zoom Febnan D5, A4 14355
AT A, |¢ pE




Oscillogroam 3
Sample 3

EU1518-H-02.1

Nicolet Accural 00

Printed : 14:28 Friday, February 06, 2004

Serial Mumber @ 1040200151

ikl
+2 0B Cument risetime: $.5875e-0065
+8. TAEH003A | Cumrent Peak: -5030.4 A 1
Whltage Peak: +0283.2 W T
R R
iindow 1 L B e e e o e IIIIIIIIII"[Idh"
T— 1
T I
-2 14E4002 A T
-2 0ZE+004
higin : 100 nstpt Sweep Time: Curl-GMD: -2 651 A CurZ-Curl: -29.161 A&
Zoom 20 nstpt 100 smpli=s Curl-TRIG: -4.2218 p= CurZ-Curl: 27.9918 p=
[Zoom Only Memory Pretrigger: 4.0% Bandwidth:
5:1 2000 CH2 OC Meg UL:-906.02 A LL:-2036 A <+ hiHz

[CH 1 Zoom Febnan D5, 04 143755

05 |‘ pE
HCH2 Zoom Febnan D5, T4 L7 55
AT A, |¢ pE




Oscillogram 4
Sample 1

EU1518-H-02.1

Nicolet Accural00
Printed : 15:47 Friday, February 06, 2004 Seral Humber : 1040200151
+2.02 B0 Cument risetime: 8.45;0085 HCH1 Zoom FebnanDs, A4 154549
+1 DZER0044 [ Cumrent Peak: -10057 4 I ;C“;Z" — [+
e . 1 Zoom Febrian/Ds, AR
“Whltage Peak: +10074 %W T EE L |‘ m
T H_H_‘-H_H"\
iindow 1 LI B e - T e L e s e 'hn
T- 1
-1.02ZE+0045
-2 0ZE+004
higin : 100 nstpt Sweep Time: Cur2-GHDO: -19.22 A CurZ-Curl: -16.559 &
Zoom 20 nstpt 100 smpli=s Cur2-TRIG: 2612 ps CurZ-Curl: 27.9918 p=
Zoom Only [—— Trig: Edge Pretrigger: 4.0% Bandwidth:
5:1 2000 CH2 OC MHeg UL: 14608 A LL:-2520.7 A <+ hiHz




Oscillogram 5
Sample 2

EU1518-H-02.1

Nicolet Accural00
Printed : 15:48 Friday, February 06, 2004 Seral Humber : 1040200151
+2.02 B0 Cument risetime: 8.4§?§e-DDBs 2 I H1 Zoom FebnanDs, T4 154811
+1 DZER0044 [ Cumrent Peak: -10042 4 I ;C“;Z" —— [+
[ : 1 Zoom Febnan DS, 4B
“hltage Peak: +10026 W T EE L |‘ m
1 M
iindow 1 T+ttt
T— 1
-1.02ZE+0045
-2 0ZE+004
higin : 100 nstpt Sweep Time: Cur2-GMO: -1.3255 A& CurZ-Curl: -7 92531 &
Zoom 20 nstpt 100 smpli=s Cur2-TRIG: 2612 ps CurZ-Curl: 27.9918 p=
Zoom Only [—— Trig: Edge Pretrigger: 4.0% Bandwidth:
5:1 2000 CH2 OC MHeg UL: 14608 A LL:-2520.7 A <+ hiHz
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Oscillogram 6
Sample 3

Nicolet Accural00
Printed : 15:49 Friday, February 06, 2004 Seral Humber : 1040200151
+2 02 E+D09 | Cyrrent risetime: 8 45 006s z [ICH1 Zoom Febnian/ DG, A4 1549738
+1 DZERD044 [ Cumrent Peak: -10040 4 I bl [+
v ) HCH2 Zoom Febnan0s, 04 154939
“hltage Peak: +10020 W T EE L |‘ m
T T
iindow 1 LI e | e e I e
T— 1
-1.02ZE+0045
-2 0ZE+004
higin : 100 nstpt Sweep Time: Cur2-GMO: -12.592 A CurZ-Curl: -11.267 A&
Zoom 20 nstpt 100 smpli=s Cur2-TRIG: 2612 ps CurZ-Curl: 27.9918 p=
[Zoom Only Memory Trig: Edge Pretrigger: 4.0% Bandwidth:
5:1 2000 CH2 OC MHeg UL: 14608 A LL:-2520.7 A <+ hiHz

11
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Oscillogram 7
Sample 1

Nicolet Accural00
Printed : 16:14 Friday, February 06, 2004 Seral Humber : 1040200151
+2.02 B0 Cument risetime: 8.555:-0085 2 HCH1 Zoom FebnanDs, A0+ 161356
+2 D4ED044 [ Cumrent Pek: 20071 4 I ;C“;Z" R —_— —- [+
[ : 1 Zoom Febnan DS, 3
Whltage Peak: +10202 W T s |‘ m
[ N 1
P 1
iindow 1 LI 3 e e e I e
T— 1
-2 0440045
-2 0ZE+004
higin : 100 nstpt Sweep Time: Cur2-GHDO: -50.37 A CurZ-Curl: -65 672 &
Zoom 20 nstpt 100 smpli=s Cur2-TRIG: 2612 ps CurZ-Curl: 27.9918 p=
Zoom Only [—— Trig: Edge Pretrigger: 4.0% Bandwidth:
5:1 2000 CH2 OC Meg UL:-2021.7 A LL:-5050.5 A <+ hiHz
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Oscillogram 8
Sample 2

Nicolet Accural00
Printed : 16:23 Friday, February 06, 2004 Seral Humber : 1040200151
+2.02 B+D0] Cumrent risetime: 8.5125e-006s 2 S H 1 Zoom Febrean D5, 204 167324
+2 D4ED04A | Cumrent Pedk: -20064 4 I ;C“;Z" — [+
[ : 1 Zoom Febnan DS,
“Whltage Peak: +10250 W T s |‘ m
S e B
iindow 1 LI e a4 e e e I e
T— 1
-2 0440045
-2 0ZE+004
higin : 100 nstpt Sweep Time: Cur2-GMO: -51.695 & CurZ-Curl: -49. 044 2
Zoom 20 nstpt 100 smpli=s Cur2-TRIG: 2612 ps CurZ-Curl: 27.9918 p=
[Zoom Only Memory Trig: Edge Pretrigger: 4.0% Bandwidth:
5:1 2000 CH2 OC Meg UL:-2021.7 A LL:-5050.5 A <+ hiHz
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Oscillogram 9
Sample 3

EU1518-H-02.1

Nicolet Accural 00

Printed : 16:17 Friday, February 06, 2004 Seral Humber : 1040200151

g
+2.02EHI0RY Cument risetime: 8.5252-006s

+2.04E+I04A | Cuyment Peal: 20030 A
“oltage Peake: +10266 W\

Cur2-Curl: -50.37 A
CurZ-Curl: 27.9918 p=

iindow 1 L B e T
i

-2 0440045

-2 0ZE+004
higin : 100 nstpt Sweep Time:
Zoom 20 nstpt 100 smpli=s
[Zoom Only Memory
5:1 2000

CHZ DC Meg  UL:-2921.7 A LL: -5059.5 A |

Bandwidth:
<+ hidHz

[CH 1 Zoom Febnan D5, 04 1616045

05 |‘ pE
HCH2 Zoom Febnan D5, T4 1615345
0 A, |¢ pE

14
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Oscillogram 13
Sample 1

Nicolet Accural 00

Printed : 14:16 Monday, February 09, 2004 Serial Mumber : IDA0Z00151

1A B0 irtijal current crast: 3.?55e-00551' 2 S H 1 Zoom FebrianDs, 04 14:15355
r . . s v [
+3554 Cument Peak: +252.93 A I ;CHZ TR T Ew=
[ ! 1 Zoom Febnan O, :
“oltage Peak: +7000.1 W T A |§] ]
ket
iindow 1 L e s
T
i 1
7 — o ;|
450, T
-2 0ZE+003Y
higin : 200 nstpt Sweep Time: Cur2-GMO: -0 026042 A CurZ-Curl: -71.536 &
Zoom ;100 n=spt Ghd smplis Cur2-TRIG: 122.4 ps CurZ2-Curl: 1196 p=
[Zoom Only Memory Trig: Edge Pretrigger: 6.8% Bandwidth:
2:1 2000 CH2 OC Pos UL +526 A LL: 425 A 2 .2hiHz
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Oscillogram 14
Sample 2

EU1518-H-02.1

Nicolet Accural 00

Printed : 14:20 Monday, February 09, 2004 Serial Mumber : IDA0Z00151

+1.A1 B0 wirpual cumrent crest: 3 76e-005s 1
+E0A Current Peah: +256 41 A 1
“Woltage Peak: +7850.2 W T
iindow 1 L e e e LI e e e e e
. 1
T- I
500, T
-2 0ZE+003Y
higin : 200 nstpt Sweep Time: Cur2-GMO: +01 A CurZ-Curl: -72.24 A
Zoom ;100 n=spt Ghd smplis Cur2-TRIG: 122.4 ps CurZ2-Curl: 1196 p=
Zoom Only [—— Trig: Edge Pretrigger: 6.6% Bandwidth:
2:1 2000 CH2 OC Pos UL +526 A LL: 425 A 2 .2hiHz

[CH 1 Zoom Febman 05, 04 14177

+@iE v |5:| ™3
ACH2 Zoom Febmany 08, A04 141717
+0 A |§:| ™3
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Oscillogram 15
Sample 3

EU1518-H-02.1

Nicolet Accural 00

Printed : 14:42 Monday, February 09, 2004 Serial Mumber : IDA0Z00151

+1.A1 B0 wirpual cumrent crest: 3 76e-005s 1
+E0A Current Peah: +252 58 A 1
“oltage Peak: +7882.2 W T
iindow 1 L e e e LI B e e i
. 1
T- I
500, T
-2 0ZE+003Y
higin : 200 nstpt Sweep Time: Cur2-GHO: +0.013021 A CurZ2-Curl: -72.112 A
Zoom ;100 n=spt Ghd smplis Cur2-TRIG: 122.4 ps CurZ2-Curl: 1196 p=
Zoom Only [—— Trig: Edge Pretrigger: 6.6% Bandwidth:
2:1 2000 CH2 OC Pos UL +526 A LL: 425 A 2 .2hiHz

[CH 1 Zoom Febman 08, I04 1442119

+@iE v |5:| ™3
FCH2 Zoom Febman 08, A0+ 1442119
+0 A |§:| ™3
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Oscillogram 19
Sample 1

EU1518-H-02.1

Nicolet Accural00
Printed : 09:45 Wiednesday, Februany 11, 2004 Seral Humber : 1040200151
+1.41 EHI0Y) wgrpual curment cresl:‘:}.vs??ﬁe-ﬂﬂﬁs 2 d2H1 Zoom Febriany 11, 2004 De:d:2
+14E+0034 [ Cumrent Pezk: +1009.7 A I ;Z’";" — Ew=
[ U 1 Zoom Febnan 11, :
Woltage Peak: +83563.2 W T o Ty |§:| ]
T P
iindow 1 L e | e e e LI L e I I e I
T T I
i ! Mﬂﬁﬂﬁ—g
1 ]‘]I v
2005 T
-2 0ZE+003Y | I
higin : 200 nstpt Sweep Time: Curl-GMO: {0 10H 7T A CurZ-Curl: -10.781 A&
Zoom ;100 n=spt Ghd smplis Curl-TRIG: -18 p= CurZ-Curl: 1404 p=
[Zoom Only Memory Trig: Edge Pretrigger: 6.8% Bandwidth:
2:1 2000 CH2 OC Pos UL +210.4 4 LL: +100 A 2 .2hiHz
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Oscillogram 20
Sample 2

EU1518-H-02.1

Nicolet Accural00
Printed : 09:47 Wiednesday, Februany 11, 2004 Seral Humber : 1040200151
+1.41 EHI0Y) wgruial cumrent cresl:‘:}.v8825e-0055 2 d2H1 Zoom Febriany 11, 004 084657
+1 4ZER03A | Cumrent Peak: +1031.7 A ey Ew=
v 0 HCH2 Zoom Febrany 11, 2004 004557
“Whltage Peak: +8206.7 W o Ty |§:| ]
T
iindow 1 LI B e e LI e e
s
T
) I
3 ]T]“i >
-120.5
-2 0ZE+003Y | '
higin : 200 nstpt Sweep Time: CurZ-Curl: -10.833 A
Zoom ;100 n=spt Ghd smplis CurZ-Curl: 1404 p=
[Zoom Only Memory Bandwidth:
2:1 2000 UL: +210.4 4 LL: +100 A 2 .2hiHz
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Oscillogram 21
Sample 3

Nicolet Accural00
Printed : 09:49 Wiednesday, Febriany 11, 2004 Seral Humber : 1040200151
+1.41 EHI0Y) wgrpual curment cresl:‘:}.v8825e-0055 2 d2H1 Zoom Febriany 11, 2004 054542
+14E+0034 [ Cument Pezk: +1012.4 A I ;Z’";" — Ew=
e . 1 Zoom Febreans 11, R
Woltage Peak: +8322.0 W T o Ty |§] ]

1 |
iindow 1 L e e 1 e e
. 1
™ I ﬂ
1 U'u'l‘ H
2005 T
-2 0ZE+003Y
higin : 200 nstpt Sweep Time: Curl-GMDO: -0 46375 A CurZ-Curl: -10.781 A&
Zoom ;100 n=spt Ghd smplis Curl-TRIG: -18 p= CurZ-Curl: 1404 p=
[Zoom Only Memory Trig: Edge Pretrigger: 6.8% Bandwidth:
2:1 2000 CH2 OC Pos UL +210.4 4 LL: +100 A 2 .2hiHz
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Oscillogram 25
Sample 1

Nicolet Accural00
Printed : 14:19 Thursday, February 12, 2004 Seral Mumber : 10402001451
+2 AZEHID | Time to Kk 460 ns :LT Z HCH1 Zoom Febnan 12, 304 141703
+2 01E+D044 [ Cumrent risetime: 8.78756-007s I ;C“;Z” — e
v ' 1 Zoom Febnan 12, :
Current F‘elak. +10025 .:Q EEEA |§IIII$
nhltage Peak: +10280 %W T
iindow 1 LI B e e e e LN e e e e e
1 I
T n ﬂ Iha nUa
T 1 \/ UU
- 1
!
-2 B2EH002A T
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IEC Type Test Report
Report No. EU1518-H-03
HS Series Porcelain-housed Arrester
20,000 A Line Discharge Class 5

Long Duration Current Impulse Withstand Tests

This report records the results of type tests made on H5 series 20 kA Line
Discharge Class 5 arresters, rated up to 612 kV. Tests were performed in
accordance with procedures of IEC Standard 60099-4, Ed. 2.0, 2004, “Surge
arresters - Part 4: Metal-oxide surge arresters without gaps for a.c. systems.”

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.

M.G. Comber
Manager, Engineering

Date: 9/23/2004
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IEC TYPE TEST REPORT
Long Duration Current Impulse Withstand Tests

TESTS PERFORMED:

Long duration current impulse withstand tests were performed on three test samples,
each consisting of two parallel columns of two resistors (75 mm diameter, 44 mm long) in
each column. The resistors were selected to represent the lowest acceptable reference
voltage level. The tests were conducted in accordance with Clause 8.4.2 of IEC 60099-4.
Prior to the administering of line discharges, measurements were made of the residual
voltage and reference voltage on each test sample. The transmission line parameters
conformed to the requirements for Line Discharge Class 5 in Table 5 of IEC 60099-4.
Table 1 below lists the measured residual voltage and reference voltage for each sample,
and lists the corresponding transmission line parameters used for the test.

Table 1. Parameters for Line Discharge Tests

Parameter Sample 1 | Sample2 | Sample 3

Initial Residual Voltage (kV) @ 20 kA, 8/20 26.89 26.95 26.94
Initial Residual Voltage (kV) @ 500 A, 39/84 21.15 21.17 21.19
Reference Current (mA) I,¢ 10 10 10
Reference Voltage (kV peak/\2) V,or 11.91 11.90 11.90
COV (kV rms) U, 9.65 9.64 9.63
Rating (kV rms) U, 12.06 12.05 12.04
Arrester Classification (kA) 20 20 20
Line Discharge Class 5 5 5
Virtual Duration of Peak (us, 90-90%) - min 3200 3200 3200
Surge Impedance (€2) Z, - max (0.5 U;) 6.03 6.02 6.02
Charging Voltage (kV) Up — min (2.4 U)) 28.95 28.92 28.90

Each sample was subjected to 18 line discharges, administered in six groups of three
discharges. Within each group of three discharges, the time interval between discharges
was 50 to 60 seconds. The samples were allowed to cool to ambient temperature
between groups of discharges.

RESULTS:
A short circuit test was performed on the generator to confirm that generator impedance
and duration of the current discharge met the requirements listed in Table 1. The
oscillogram of Figure 1 shows

Z,=6,547V /1,092 A=5995Q  Virtual Duration of Peak = 3239 ps
Table 2 lists the current and voltage magnitudes and discharge energy measured on each of
the 18 discharges on each of the three test samples. Figures 2, 3 and 4 show oscillograms
of the third and eighteenth discharges for each of the three samples, respectively.
Ambient air temperature at the time of the test was 22 °C.
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Figure 1. Oscillogram of discharge current for generator short circuit set up test

Table 2. Line Discharge Test Measurements

Sample 1 Sample 2 Sample 3
Impulse Vv E Vv E 1 Vv E

"Wl w ["]awnwlwl| @ | anl w
1 1260 | 21.88 | 104.4 | 1258 | 21.91 | 104.4 | 1254 | 21.88 104.1
2 1220 | 22.07 | 1022 | 1218 | 22.09 | 101.9 | 1207 | 22.11 101.0
3 1188 | 22.30 | 1003 | 1186 | 22.28 | 1002 | 1169 | 22.28 98.9
4 1256 | 21.89 | 104.1 | 1242 | 21.94 | 103.1 | 1242 | 21.94 103.1
5 1212 | 22.08 | 101.5 | 1203 | 22.11 | 101.1 | 1206 | 22.13 101.2
6 1182 [ 2232 998 | 1174 | 2230 | 993 | 1171 | 22.30 99.1
7 1244 | 21.94 | 1033 | 1231 | 21.96 | 102.4 | 1229 | 21.94 102.1
8 1205 | 22.13 | 101.0 | 1197 [ 22.15 | 100.5 | 1195 | 22.15 100.2
9 1174 [ 2230 992 | 1169 | 2232 | 98.9 | 1163 | 22.30 98.4
10 1242 | 21.93 | 1033 | 1234 | 21.97 [ 102.7 | 1235 | 21.93 102.7
11 1205 | 22.16 | 101.1 | 1202 | 22.16 | 100.9 | 1199 | 22.16 100.7
12 1174 | 2231 994 | 1172 [ 2231 | 992 | 1169 | 23.33 98.9
13 1232 | 21.95 | 102.4 | 1226 | 21.97 | 102.1 | 1231 | 21.97 102.2
14 1200 | 22.12 ] 100.6 | 1192 | 22.16 | 100.1 | 1197 | 22.14 100.4
15 1169 | 22.28 | 98.8 | 1164 [ 2233 | 98.5 | 1164 | 22.35 98.5
16 1238 | 21.97 | 102.9 | 1228 [ 21.99 | 102.1 | 1227 | 21.95 102.0
17 1201 | 22.16 | 100.8 | 1197 | 22.18 | 100.5 | 1195 | 22.14 100.1
18 1171 | 2232 99.0 | 1168 [ 2233 | 98.6 | 1166 | 22.33 98.5
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Figure 2. Oscillograms of line discharges for sample 1
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Figure 3. Oscillograms of line discharges for sample 2
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Figure 4. Oscillograms of line discharges for sample 3
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Subsequent to the completion of the transmission line discharges, the residual voltage at
nominal discharge current was re-measured and compared to the initial values for each test
sample. Results are summarized in Table 3. The maximum change of residual voltage of
the three samples is less than the permissible change of 5 % defined by IEC 60099-4.

Table 3. Initial and final residual voltage measurements.

Sample Residual voltage (kV) Change
Before After

1 26.89 26.89 0.0 %

2 26.95 26.87 -0.3%

3 26.94 26.86 -0.3 %

Disassembly of the test samples at the end of the electrical tests revealed no evidence of
physical damage.
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IEC Type Test Report
Report No. EU1518-H-04
HS Series Porcelain-housed Arrester
20,000 A Line Discharge Class 5

Accelerated Aging Procedure

This report records the results of type tests made on HS5 series 20 kA Line
Discharge Class 5 arresters, rated up to 612 kV. Tests were performed in
accordance with procedures of IEC Standard 60099-4, Ed. 2.0, 2004, “Surge
arresters - Part 4: Metal-oxide surge arresters without gaps for a.c. systems.”

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.

M\M Q‘ (ST
M.G. Comber
Manager, Engineering

Date: 9/23/2004
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IEC TYPE TEST REPORT
Accelerated Aging Procedure

TESTsS PERFORMED:

Accelerated aging tests were performed on two resistor elements, 75Smm diameter x 44mm
length. The tests were conducted in accordance with Clause 8.5.2 of I[EC 60099-4. The
test samples were placed in an air oven and energized at a voltage equal to the corrected
maximum continuous operating voltage, U, for 1000 hours. The temperature of the
samples was maintained at 115 °C = 2 °C for the duration of the test.

Power dissipation was measured on each sample throughout the 1000 h test period.

Clause 8.5.2 of IEC 60099-4 defines three power dissipation values:
* Py, measured 1 h to 2 h after the initial voltage application
* P,., measured after 1000 h
* Pj, the minimum value attained during the 1000 h test period.

If P, is equal to or less than 1.1 times Ps, then the switching surge operating duty test
of Clause 8.5.5 of IEC 6099-4 is to be performed on new resistors. Furthermore, if P, is
equal to or less than Py, then the rated voltage and continuous operating voltage used for
the operating duty test are not subject to any modification.

RESULTS:

Figure 1 graphically displays the measurements made during the 1000 h test period.
Table 1 summarizes the values of Py, P, and P; for each sample. The requirements
that P, is equal to or less than 1.1 times P3., and P, is equal to or less than P, are met
for both samples. Consequently, no modification needs to be made to the rated voltage
and continuous operating voltage in the operating duty test, and the operating duty test
can be performed on new resistors.

Table 1. Power dissipation values

Power Power Minimum
dissipation | dissipation power
Sample at 2 h at 1000 h | dissipation
Number Plct (W) P2ct (W) P3ct (W)

1 5.20 2.82 2.82

2 5.97 2.91 291
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IEC Type Test Report
Report No. EU1518-H-05
HS Series Porcelain-housed Arrester
20,000 A Line Discharge Class 5

Heat Dissipation Behavior of Test Section

This report records the results of type tests made on HS5 series 20 kA Line
Discharge Class 5 arresters, rated up to 612 kV. Tests were performed in
accordance with procedures of IEC Standard 60099-4, Ed. 2.0, 2004, “Surge
arresters - Part 4: Metal-oxide surge arresters without gaps for a.c. systems.”

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.

M\M Q‘ (ST
M.G. Comber
Manager, Engineering

Date: 9/23/2004
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IEC TYPE TEST REPORT
Heat Dissipation Behavior of Test Section

TESTS PERFORMED:

Tests were performed as described in Clause 8.5.3 and Annex B of IEC 60099-4, to
compare the cooling characteristics of the test section used for type tests with those of a
full-size arrester unit. For this purpose, thermocouples were installed along the resistor
stack of an assembled 149 kV rated unit, which represents the highest individual unit
rated voltage and the most resistors per unit length of all units used in the arrester design.
The unit contains two parallel columns of non-linear resistors. Three thermocouples were
used in each column, located (1) between one-third and one-half of the unit length from
the top, (2) at the mid-point, and (3) between one-third and one-half of the unit length
from the bottom. Thermocouple wires were brought out through small holes drilled in the
porcelain. The test section was comprised of two parallel columns of resistor elements
(75 mm diameter, 44 mm long) assembled into a short section of porcelain housing,
insulated on top and bottom ends to control the rate of cooling to meet the requirements
that the test section cools at a rate not greater than that of the assembled unit. A
thermocouple was located at the mid-height of the two-resistor stack

Both assembled unit and test section were heated electrically with a power frequency
overvoltage to raise the average temperature of the resistors to 120°C in the same amount
of time. The voltage was removed and the samples allowed to cool naturally.
Temperature measurements were made throughout the cooling period.

RESULTS:

Figures 1 and 2 show the fully assembled unit and the test section, respectively. The
assembled unit had U, of 117.5 kV, and the test section had U, of 8.7 kV. The resistors
in both samples were heated by applying a voltage sufficiently above Uc to raise the
resistor temperature to 120°C in approximately 7 min. Figure 3 graphically displays the
cooling of both samples over a period of 2.85 hours.

With both samples starting from the same initial temperature of 120°C, the temperature
of the resistors in the test section remain at or above the temperature of the resistors in
the fully assembled unit throughout the cooling period. This demonstrates the validity of
the test section for use in type tests involving thermal recovery.
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Figure 3. Cooling curves of fully assembled unit and test section
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IEC Type Test Report
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HS Series Porcelain-housed Arrester
20,000 A Line Discharge Class 5

Switching Surge Operating Duty Test

This report records the results of type tests made on HS series 20 kA Line
Discharge Class 5 arresters, rated up to 612 kV. Tests were performed in
accordance with procedures of IEC Standard 60099-4, Ed. 2.0, 2004, “Surge
arresters - Part 4: Metal-oxide surge arresters without gaps for a.c. systems.”

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.

M}M Q&W
M.G. Comber
Manager, Engineering

Date: 9/23/2004
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IEC TYPE TEST REPORT
Switching Surge Operating Duty Test

TESTS PERFORMED:

Switching surge operating duty tests were performed on three prorated test sections
prepared based on the results of the tests to verify heat dissipation behavior of test
sample. Each section consisted of two parallel columns of two resistors (75 mm diameter,
44 mm long) in each column. The resistors were selected to represent the lowest
acceptable reference voltage level. The tests were conducted in accordance with Clause
8.5.5 of IEC 60099-4. Prior to the conditioning portion of the test, measurements were
made of the lightning impulse residual voltage of each section, and also of reference
voltage of each section. Additional measurements were made of power dissipation at U,
and an adjusted value U_’ was determined such that the power dissipation of each sample
represented the maximum power dissipation of resistors that could be used in arrester
assembly. The adjusted value Uc’ was used in the thermal recovery portion of the test.

The conditioning portion of the test consisted of two parts. In the first part, a series of
twenty 8/20 lightning current impulses were applied to each section, with peak value of
the impulses being equal to the nominal discharge current. The series of impulses was
divided into four groups of five, with the interval between impulses within each group
being between 50 and 60 seconds and the interval between groups being between 25 and
30 minutes. Test sections were energized at 60 Hz voltage of 1.2 x U, during the
application of the impulses within each group. The impulses were timed to occur 60°
before the crest of the 60 Hz voltage with the same polarity of the impulse. In the second
part, a series of two 100kA 4/10 impulses were applied to each section, with the section
allowed to cool to ambient temperature between impulses.

Following the conditioning portion of the test, each section was placed in an oven and
heated overnight to 60 = 3 °C. After removal from the oven, each section was subjected
to two long duration current impulses, with time between impulses being between 50 and
60 seconds. The parameters of the transmission line used to generate these impulses
conformed to the requirements for Line Discharge Class 5 in Table 5 of Clause 8.4.2 of
IEC 60099-4. Within 100 milliseconds of the second long duration current impulse, rated
voltage (U,) was applied to each section for 10 seconds, immediately followed by the
adjusted U_” for 30 minutes, during which period the power dissipation was monitored to
verify thermal stability.

At the end of the above test sequence, each section was allowed to cool to ambient
temperature, at which point the lightning impulse residual voltage at nominal discharge
current was re-measured.

Table 1 lists the initial measurements of residual voltage and reference voltage for each
section, and lists the corresponding transmission line parameters used for the test.
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Table 1. Initial Measurements and Parameters for Line Discharge Tests

Parameter Sample 1 | Sample 2 | Sample 3

Initial Residual Voltage (kV) @ 20 kA, 8/20 26.94 26.90 26.89
Reference Current (mA) I, 10 10 10
Reference Voltage (kVpeak/\/Z) Vet 11.89 11.88 11.87
COV (kV rms) U, 9.63 9.62 9.62
Adjusted COV 9kVrms) Uc’ 10.04 10.02 10.01
Rating (kV rms) U, 12.03 12.02 12.02
Arrester Classification (kA) 20 20 20
Line Discharge Class 5 5 5
Virtual Duration of Peak (us, 90-90%) - min 3200 3200 3200
Surge Impedance (W) Z, - max (0.5 U)) 6.03 6.01 6.01
Charging Voltage (kV) U, —min (2.4 U)) 28.88 28.85 28.85

RESULTS:

Figures 1, 2 and 3 show recordings made during application of the 5" and 20" lightning
impulse conditioning discharges on each section. Figures 4, 5 and 6 show recordings
made during application of the 1" and 2" high current conditioning impulse on each
section.

A short circuit test was performed on the generator to confirm that generator impedance
and duration of the current discharge met the requirements listed in Table 1. The
oscillogram of Figure 1 shows

Z,=6547V /1,092 A=5995Q  Virtual Duration of Peak = 3239 us

Table 2 lists the current and voltage magnitudes and discharge energy measured on each
of the two line discharges for each of the three test samples.

Table 2. Line Discharge Test Measurements

Section 1 Section 2 Section 3
Impulse \Y E \' E I \Y E
I(A I(A
Dy | w "™l || w ]| an | «
1 1224 | 22.27 95.0 1234 | 22.20 | 95.1 1224 22.09 94.9
1183 | 22.48 95.6 1194 | 22.40 | 96.6 1178 22.33 98.6
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Figure 1. Oscillograms of 10kA 8/20 conditioning impulses for section 1
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Figure 2. Oscillograms of 10kA 8/20 conditioning impulses for section 2
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Figure 3. Oscillograms of 10kA 8/20 conditioning impulses for section 3



Section 1: 1* conditioning impulse

EU1518-H-06

Nicolet Accural00
Printed : 10:34 Tuesday. July 13,2004 Serial Number : IDAOZOD15T
[+8.07E4004V| Cument Rise Time: 4.11e-008s 2
[+1.TOEH005A | cyment Peak: -1.0143E+005 A
“bltage Peak: +34726 V'
r—-—-\\
L—%
[Window 1 Z1——+ L B AL LA
s
|-1.76E+005 A
|8.07E+004v
[Min : 40 nsipt Sweep Time: Cur2-GND: +411.38 A Cur2-Curl: +682.78 A
[Zoom : 8 nsipt 25M smplis Cur2-TRIG: 14.4 ps Cur2-Curt: 15.8908 ps
[Zoom Only Hemory: [Trig: Edge Pretrigger: 5.0% Banduidth
5:1 5000 CH2 DC Neg UL:-3905.3 A LL:-10224 A |25MH2

[erizemiwma oom ]

[+2130 v
[HCH2Zocm dvy 19,200 10000

03

[remm

T

Section 1: 2" conditioning impulse

Nicolet Accural00
Printed - 10:40 Tuesday. July 13, 2004 Serial Number : 1DAOZ00151
[+ 07E+004V] cyment Rise Time: 4.125e-0085 L 2 lcti12oom vy 13,2m4 102942
[+1.76E40054 Cumant Peak: -1.0124E4005 A ;f;i"z‘:ml T b
: T,
0 A Jewe

‘bltage Peak: +34705 4/

[Window 1 Z 1=ttt I A i oy e
T-
176 E+005A
| 074004y
Min - 40 nsipt Sweep Time: | [CurZ-GND: +137.13 A CurZ-Curl: 42114 A
[Zoom - 8 nsipt 260 smplis Curz-TRIG: 14.4 ps Cur2-Curt: 15.8908 ps
[Zoom Only Memory: [Trig: Edge FPretrigger: 5.0% Banduidth
5:1 5000 CH2 OC Neg UL:-30053 A LL-10224 A | [28MHz

Figure 4. Oscillograms of 100kA conditioning impulses for section 1
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Figure 5. Oscillograms of 100kA conditioning impulses for section 2
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Figure 7. Oscillogram of discharge current for generator short circuit set up test

Figures 8, 9 and 10 show oscillograms of the second line discharge and the 10 s
application of U, on each section. Ambient air temperature at the time of the test was 22
°C. Table 3 lists measurements made during this period.

Table 3. Measurements made during 10 s application of U,.

Section 1 Section 2 Section 3

Time Voltage | Current Time Voltage | Current Time Voltage | Current
(s) (kVe) (mAc) (s) (kVe) (mAc) (s) (kVe) (mAc)

0.06 17.02 128.2 0.06 17.02 161.9 0.074 16.98 148.4
1 17.17 1354 1 17.25 172.1 1 17.22 163.1
2 17.16 131.2 2 17.27 170.8 2 17.26 158.6
4 17.19 135.8 4 17.26 167.0 4 17.27 160.3
6 17.19 133.7 6 17.26 164.1 6 17.27 157.3
8 17.19 130.3 8 17.27 165.3 8 17.26 154.4
10 17.19 132.0 10 17.27 169.5 10 17.27 156.5
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Figure 8. Oscillogram of second line discharge for section 1
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Figure 10. Oscillogram of second line discharge for section 3

Figures 11, 12 and 13 show oscillograms of voltage and current at the beginning and end
of the 30 min application of U_’ on each section. Table 4 lists measurements of power
dissipation made during this period.

Table 4. Measurements of power dissipation made during 30 min at U’
Power Dissipation (W
Section 1 Section 2 Section 3
0 51.4 50.2 43.5
0.5 49.1 46.9 44.7
1 41.3 44.7 42.4
2 40.2 42.4
5 35.7 38.0 35.7
10 32.4 34.6 32.4
20 29.0 31.3 30.1
30 26.8 29.0 27.9

Time (min)
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Figure 13. Oscillograms of voltage and current at the beginning and end of the 30
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Subsequent to the completion of the thermal recovery, and after the sections had cooled
to ambient temperature, the residual voltage at nominal discharge current was re-
measured and compared to the initial values for each test sample. Results are summarized
in Table 5. The maximum change of residual voltage of the three samples is less than the
permissible change of 5 % defined by IEC 60099-4.

Table 5. Initial and final residual voltage measurements.

Section ‘ Besidual voltage (kV? Change
Initial Final
1 26.94 26.94 0.0%
2 26.90 26.94 +0.1%
3 26.89 26.86 -0.1%

Disassembly of the test samples at the end of the electrical tests revealed no evidence of
physical damage.
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)]

(HUBBELL, POWER SYSTEMS, INC.
S Z

IEC Type Test Report
Report No. EU1518-H-07
HS Series Porcelain-housed Arrester
20,000 A Line Discharge Class 5

Short Circuit

This report records the results of type tests made on HS5 series 20 kA Line
Discharge Class 5 arresters, rated up to 612 kV. Tests were performed in
accordance with procedures of IEC Standard 60099-4, Ed. 2.0, 2004, “Surge
arresters - Part 4: Metal-oxide surge arresters without gaps for a.c. systems.”

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.

M\M Q‘ (ST
M.G. Comber
Manager, Engineering

Date: 9/23/2004
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IEC TYPE TEST REPORT
Short Circuit

TESTS PERFORMED:

Short circuit tests were performed at the CESI high power laboratory in Milan, Italy
according to the procedures described in Clause 8.7 and Annex N of IEC 60099-4. The
HS5 series of arresters has a rated short circuit capability of 63000 A symmetrical.
Verification of capability requires three high current tests and one low current test. The
high current tests are performed with rated short circuit current (63000 A) and two
reduced short circuit currents (25000 A and 12000 A); the low current test is performed
with short circuit current of 600£200 A. Four fully assembled test units were prepared,
each containing as many resistor elements as possible within the available stacking length.
The internal elements of each test unit were shorted by a fuse wire running along the
outside of the stack of elements. The units tested represented the longest mechanical unit
with the highest rated voltage used in the HS series of arresters.

RESULTS:
Complete results of the testing are contained in a CESI test report that is available on
request. Results are summarized in the following extracts from the CESI report.

The test samples were rated 147 kV and had an overall unit length of 1570 mm. Figure 1
shows the general arrangement of the test set up. Figure 2 shows one of the units in the
test chamber.

All four samples successfully withstood their respective short circuit current tests with
no release of components and no fracturing of the porcelain housing. Tests were
conducted in the sequence: 12000 A, 25000 A, low current, 63000 A. Actual prospective
rms values of test currents were 12600 A, 25500 A, 651 A and 67000 A. For the rated
current test, the peak of the first half cycle of test current was 176000 A, meeting the
requiremnt that this be at least 2.5 times the rms value of the rated short circuit current.
Data sheets for the tests are shown in Figures 3— 6, and associated oscillograms are shown
in Figures 7 - 10.
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Figure 2. Test sample mounted in test chamber
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Figure 7. Oscillograms for 12500A test
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Figure 10. Oscillograms for 63000A test
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IEC Type Test Report
Report No. EU1518-H-08
HS Series Porcelain-housed Arrester
20,000 A Line Discharge Class 5

Internal Partial Discharge

This report records the results of type tests made on HS5 series 20 kA Line
Discharge Class 5 arresters, rated up to 612 kV. Tests were performed in
accordance with procedures of IEC Standard 60099-4, Ed. 2.0, 2004, “Surge
arresters - Part 4: Metal-oxide surge arresters without gaps for a.c. systems.”

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.

M\M Q‘ (ST
M.G. Comber
Manager, Engineering

Date: 9/23/2004
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IEC TYPE TEST REPORT
Internal Partial Discharge

Clause 8.8 of IEC 60099-4 requires that the longest electrical unit of the arrester
design be subjected to an internal partial discharge type test. Under the prescribed
testing procedure, the partial discharge level at 1.05 times the continuous op erating
voltage of the unit shall not exceed 10 pC.

Clause 9.1 c¢) of this same standard requires that all manufactured units be
subjected to an internal partial discharge test that is identical to that of Clause 8.8,
and that the partial discharge level of all units produced shall not exceed 10 pC.
Routine test reports are provided on request verifying that this requirement has
been met.

By performingthe routine testing of units according to Clause 9.1 ¢), the type test
requirements of Clause 8.8 are automatically met.
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IEC Type Test Report
Report No. EU1518-H-09
HS Series Porcelain-housed Arrester
20,000 A Line Discharge Class 5

Bending Moment

This report records the results of type tests made on HS5 series 20 kA Line
Discharge Class 5 arresters, rated up to 612 kV. Tests were performed in
accordance with procedures of IEC Standard 60099-4, Ed. 2.0, 2004, “Surge
arresters - Part 4: Metal-oxide surge arresters without gaps for a.c. systems.”

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.

M\M Q‘ (ST
M.G. Comber
Manager, Engineering

Date: 9/23/2004
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IEC TYPE TEST REPORT
Bending Moment

TESTS PERFORMED:

Bending moment tests were performed as described in Clause 8.9 of IEC 60099-4 on a
fully assembled arrester unit. The test unit was securely mounted to the horizontal base
of the test equipment and lateral (horizontal) loading was applied at a rate necessary to
reach the bending moment corresponding to the maximum permissible dynamic service
load (MPDSL) in approximately 90 s. The load was then maintained at not less than this
level for at least 60 s. After release of load, the test sample was inspected to verify that
no mechanical damage had occurred, and then the test sample was subjected to standard
seal leak and partial discharge tests to verify that no damage to the sealing mechanism or
to the internal structure had occurred.

RESULTS:

According to the requirements of IEC 60099-4, if the arrester design consists of multiple
units or where the arrester has different specified bending moments at each end, it is
necessary to verify the integrity of each different design bending moments. The HS5 series
of arresters uses one, two, three, four or five units depending on voltage rating and overall
creepage distance requirements. The design uses two general porcelain housing types.
Within each type, physical characteristics are identical except for the lengths. Both types
have the same diameter and weathershed profile, but have different intrinsic mechanical
strengths. These are designated as types 1 and 2, with type 1 having the higher intrinsic
mechanical strength. The design also uses two different end fitting designs. These are
designated as types F1 and F2.

The MPDSL assigned to HS arresters is that load that results in a bending moment of
28000 Nm at the base of the arrester. Table 1 indicates the “worst case” combinations for
— 1.e. those that give rise to the highest moments at each end fitting location when
MPDSL is applied to the top of the arrester — for one, two three, four and five-unit
designs. The maximum bending moment at locations of end fitting type F1 is 28000 Nm,
while the maximum bending load at locations of end fitting type F2 is 23096 Nm.

To verify the design capability, two bending moment tests were performed; one on a type
1 housing with type F1 end fitting, the other on type 2 housing with type F2 end fitting.
In the first test, sufficient load was applied at the top of the unit to subject the bottom
end of the unit to a minimum of 28000 Nm for a minimum of 60 s. In the second test,
sufficient load was applied at the top of the unit to subject the bottom end of the unit to a
minimum of 23096 Nm for a minimum of 60 s. Loading curves for these two tests are
shown in Figures 1 and 2. These indicate that the loads were actually maintained at higher
levels and for longer time than required. The gradual reduction of load during the “hold”
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period resulted from slow loss of pressure in the hydraulic system, and does not reflect
any change in the mechanical property of the tested unit.

Subsequent to the loading tests, both units were examined and found to have suffered no
visual mechanical damage. The units were then returned to the factory for seal leak rate
check and partial discharge tests. Seal leak rate was found to be less than 1x10”” Pa.m®s’1,
and partial discharge at 1.05 U, was found to be less than 10pC, both levels being below
the limits allowed by IEC 60099-4.

Unit L M
F2.2 0
2 1567
Unit L M F2.2 5774
F2.2 0 F2.2 5774
2 |1567 2 J1567
Unit L M F2.2 7274 F2.2 11548
F2.2 0 F2.2 7274 F2.2 11548
2 §1567 2 |1567 2 J1567
Unit L M F2 9827 F2.2 14548 F2.2 17322
F2.2 0 F2.2 9827 F2.2 14548 | jF2.1 17322
2 11567 2 11567 2 11567 2 11567
Unit L M F2.2 15140 jF2.2 19653 F2.2 21822 fF2.2 23096
F2.1 0 F2.1 15140 jF2.1 19653 F2.1 21822 | fF2.1 23096
1 §1567 1 j1331 1 1331 1 1331 1 1331
F1.1 28000 JF1.1 28000 JF1.1 28000 JF1.1 28000 | §F1.1 28000
|:| Max moment for F1.1 |:| Max moment for F2.1 and F2.2

Table 1. Worst-case bending moments for 1, 2, 3 and 4-unit arresters
Unit numbers 1 and 2 indicate porcelain housing type
F1.1, F2.1 and F2.2 indicate the different end fitting/porcelain
housing type combinations (e.g. F2.1 indicates fitting type 2
attached to housing type 1)
L is length in mm, M is moment in Nm
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Figure 2. Bending moment at bottom end of housing type 1 with end fitting type
F1
Max design moment at MPDSL: 28000 Nm
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Figure 3. Bending moment at bottom end of housing type 2 with end fitting type
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Max design moment at MPDSL: 23096 Nm
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IEC Type Test Report
Report No. EU1518-H-10
HS Series Porcelain-housed Arrester
20,000 A Line Discharge Class 5

Seal Leak Rate

This report records the results of type tests made on HS5 series 20 kA Line
Discharge Class 5 arresters, rated up to 612 kV. Tests were performed in
accordance with procedures of IEC Standard 60099-4, Ed. 2.0, 2004, “Surge
arresters - Part 4: Metal-oxide surge arresters without gaps for a.c. systems.”

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.

M\M Q‘ (ST
M.G. Comber
Manager, Engineering

Date: 9/23/2004
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IEC TYPE TEST REPORT
Seal Leak Rate

Clause 8.11 of IEC 60099-4 requires that one comp lete arrester be subjected to a
seal leak rate test, using any sensitive method suitable for the measurement of the
sp ecified seal leak test. Usingthe adopted method, the seal leak rate shall be lower
than 1x10°° Pa.m’s™".

Clause 9.1 d) of this same standard requires that, for arrester units with sealed
housing, all manufactured units be subjected to a seal leak test as a routine test. In
this test, the method used for H5 series arresters is the “vacuum helium mass
sp ectrometer” method. With this method, the internal air sp ace of the arrester unit
is evacuated, resulting in a one atmosphere pressure differential between outside
and inside, under which conditions the outside of the arrester is flooded with
helium. The evacuation port is monitored by a mass sp ectrometer tuned to detect
helium, and any helium detected is quantitatively measured to provide a leak rate.
The maximum leak rate accepted for HS series arrester units is 1x10”7 Pa.m’s™, one
order of magnitude below the maximum allowed by IEC 60099-4. Routine test
reports are provided on request verifying that this requirement has been met.

By performingthe routine testing of units according to Clause 9.1 d), the type test
requirements of Clause 8.11 are automatically met.
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IEC Type Test Report
Report No. EU1518-H-11
HS Series Porcelain-housed Arrester
20,000 A Line Discharge Class 5

Radio Influence Voltage (RIV)

This report records the results of type tests made on HS5 series 20 kA Line
Discharge Class 5 arresters, rated up to 612 kV. Tests were performed in
accordance with procedures of IEC Standard 60099-4, Ed. 2.0, 2004, “Surge
arresters - Part 4: Metal-oxide surge arresters without gaps for a.c. systems.”

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.

M\M Q‘ (ST
M.G. Comber
Manager, Engineering

Date: 9/23/2004
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IEC TYPE TEST REPORT
Radio Influence Voltage (RIV)

TESTS PERFO RMED:
A fully-assembled arrester, with voltage rating U, of 396 kV and continuous
op erating voltage U, of 318 kV, was subjected to the RIV test according to Clause
8.11 of IEC 60099-4. The voltage application was as follows:

* raised to 366 kV (1.15U,)

* lowered to 334 kV (1.05U,)

* held at 334 kV for 5 min

* lowered in steps of approximately 0.1 U, until reaching 0.5 U,

* increased in similar step s until reaching 334 kV (1.05 U,)

* held at 334 kV for 5 min

* Jlowered again in step s of ap proximately 0.1 U, until reaching 0.5 U,

RIV measurements were made at each voltage level. The variable-frequency RIV
meter was tuned to 1 MHz for the measurements.

RESULTS:

Prior to installing the arrester in the test circuit, an open circuit test was run to
determine the background noise of the circuit. The arrester was installed and the
sequence of voltage ap plications described above was applied. Figure 1 shows the
arrester installed for test. Results of the RIV measurements are shown in Table 1.

At all test voltage levels, the RIV was essentially at background noise level. IEC
60099-4 allows a maximum RIV level of 2500 pV.



Figure 1. 420 kV rated arrester
(RIV coupling capacitor in rear)

Table 1. Measured RIV values

EU1518-H-11

Test condition T(zlitvvronlltsge (1;1\};
Open circuit 334 6
Open circuit 400 15 — 40

Arrester installed 366 10
Arrester installed 334 6
Arrester installed 318 6
Arrester installed 286 6
Arrester installed 254 6
Arrester installed 223 6
Arrester installed 191 6
Arrester installed 159 6
Arrester installed 191 6
Arrester installed 223 6
Arrester installed 254 6
Arrester installed 286 6
Arrester installed 318 6
Arrester installed 334 6
Arrester installed 318 6
Arrester installed 286 6
Arrester installed 254 6
Arrester installed 223 6
Arrester installed 191 6
Arrester installed 159 6
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(WUBBELL) POWER SYSTENS, INC.

IEC Type Test Report
Report No. EU1518-H-12.1
HS Series Porcelain-housed Arrester
20,000 A Line Discharge Class 5

Power Frequency Voltage Versus Time

This report records the results of type tests made on HS series 20 kA Line
Discharge Class 5 arresters, rated up to 420 kV. Tests were performed in
accordance with procedures of IEC Standard 60099-4, Ed. 2.0, 2004, “Surge
arresters - Part 4: Metal-oxide surge arresters without gaps for a.c. systems.”

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.

M¥echad, € Brets
M.G. Comber
Manager, Engineering

Date: 2/2/2007
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IEC TYPE TEST REPORT
Power Frequency Voltage Versus Time

TESTS PERFORMED:

Power frequency voltage versus time tests were performed on prorated test sections
prepared based on the results of the tests to verify heat dissipation behavior of test
sample. Each section consisted of two parallel columns of two resistors (75 mm diameter,
44 mm long) in each column. The resistors were selected to represent the lowest
acceptable reference voltage level. The tests were conducted in accordance with Annex D
of IEC 60099-4.

Prior to the test, measurements were made of the reference voltage of the section to
determine its rated voltage U, and continuous operating voltage U.  Additional
measurements were made of power dissipation at U, and an adjusted value U_ was
determined such that the power dissipation of the sample represented the maximum
power dissipation of resistors that could be used in arrester assembly. The adjusted value
Uc’ was used in the thermal recovery portion of the test.

Tests were made for three different time durations of elevated voltage application. For
each test, the section was placed in an oven and heated overnight to 60 + 3 °C. After
removal from the oven, the section was subjected to two long duration current impulses,
with time between impulses being between 50 and 60 seconds. The parameters of the
transmission line used to generate these impulses conformed to the requirements for Line
Discharge Class 5 in Table 5 of Clause 8.4.2 of IEC 60099-4. Within 100 milliseconds of
the second long duration current impulse, an elevated power frequency voltage (above U))
was applied for a measured period of time, following which the voltage was reduced to
the adjusted value U’ for 30 min. During the 30 min period at U.’ the power dissipation
was monitored to verify thermal stability.

Table 1 lists the parameters of the test section and the corresponding transmission line
parameters used for the test.



Table 1. Test section and transmission line parameters

EU1518-H-12.1

Parameter Value
Reference Current (mA) I ¢ 10
Reference Voltage (kV.) Ver 11.89
COV (kV rms) U, 9.63
Adjusted COV 9kVrms) Uc’ 10.02
Rating (kV rms) U, 12.03
Arrester Classification (kA) 20
Line Discharge Class 5
Virtual Duration of Peak (us, 90-90%) - min 3200
Surge Impedance (£2) Z, - max (0.8 U)) 6.02
Charging Voltage (kV) U —min (2.6 U)) 28.87
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RESULTS:

A short circuit test was performed on the generator to confirm that generator impedance
and duration of the current discharge met the requirements listed in Table 1. The
oscillogram of Figure 1 shows

Z,=6,547/1,092 A=5995Q  Virtual Duration of Peak = 3239 us

Nicolet Accural00

Printed : 16:18 Tugsday, July 13,2004 Serial Humber : IDAD200151

+#3.03EH03 | Generator charge WOIC : 6547 S &3 [BcH2Zoom Juk . 704 16622 ]
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Figure 1. Oscillogram of discharge current for generator short circuit set up test

Tables 1 and 2, respectively, list measurements made during the application of elevated
voltage and during the subsequent 30 min application of U.’. Representative oscillograms
made during this testing are shown in Figure 2 (beginning and end of 100 s application of
elevated voltage) and Figure 3 (beginning and end of 30 min application of U, following
130 s application of elevated voltage).

Figure 4 shows the three test points (elevated voltage s for 2 s, 10 s and 130 s)
superimposed on the characteristic of power frequency voltage vs. time for HS series of
arresters.



Table 1. Measurements of voltage and current during application of elevated

EU1518-H-12.1

voltage
2 s elevated voltage 10 s elevated voltage 130 s elevated voltage
Elapsed . Elapsed . Elapsed .
time Applied voltage Current time Applied voltage Current time Applied voltage Current
(s) (kVrms) | (puUr) (A peak) (s) (kV rms) (pu Ur) (A peak) (s) (kVrms) | (puUr) (A peak)
0.07 13.57 1.13 7.14 0.07 13.17 1.09 2.19 0 12.23 1.02 211
0.24 13.57 1.13 7.07 1.03 13.16 1.09 2.20 19 12.28 1.02 227
041 13.57 1.13 7.28 2.02 13.16 1.09 2.21 31 12.29 1.02 235
0.60 13.60 1.13 7.18 3.00 13.16 1.09 2.21 46 12.28 1.02 235
0.80 13.60 1.13 7.26 4.01 13.16 1.09 2.21 59 12.27 1.02 251
1.01  13.60 1.13 7.27 5.06 13.16 1.09 2.23 71 12.26 1.02 251
1.20  13.61 1.13 7.52 6.00 13.15 1.09 2.26 83 12.28 1.02 267
142 13.63 1.13 7.54 7.08 13.14 1.09 2.29 98 12.27 1.02 300
1.61  13.63 1.13 7.56 8.06 13.14 1.09 2.32 119 12.27 1.02 332
1.82  13.60 1.13 7.82 9.22 13.14 1.09 2.39 130 12.26 1.02 356
210 13.64 1.13 7.95 10.20 13.14 1.09 2.48
Table 2. Measurements of power dissipation and current made during 30 min at
| O
c
2 s elevated voltage 10 s elevated voltage 130 s elevated voltage
Elalpsed Applied Current Ela.psed Applied ) P<.)we-r Current Ela.psed Applied Current
time voltage time voltage dissipation time voltage
(s) (kVrms) (puUr) (mA peak) (min) (kV rms) (W) (mA peak) (s) (kVrms) (puUr) (mA peak)
0.0 10.09 57.1 14.2 0.0 10.06 - - 0.0 10.11 98.24 2411
0.5 10.1 52.0 134 0.4 10.04 56.3 14.5 0.6 10.06 82.6 21.4
1.0 10.08 48.0 11.8 1.0 10.06 53.8 14.0 1.0 10.07 81.5 19.2
2.0 10.04 43.5 10.6 2.0 10.08 50.0 13.5 20 10.09 78.1 19.2
55 10.11 39.0 10.4 5.0 10.03 43.8 11.5 5.0 10.07 69.2 17.0
10.4 10.1 35.0 9.2 12.0 10.06 38.8 10.0 10.3 10.1 63.6 15.2
20.2 10.11 31.0 8.4 20.3 10.03 35.0 9.0 20.0 10.09 56.9 13.8
30.5 10.1 28.5 7.6 30.0 10.02 313 8.5 30.0 10.07 51.4 13.0
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Figure 2. Oscillograms of voltage and current at the beginning and end of 130 s
application of elevated voltage
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Figure 4. Power frequency voltage vs. time characteristic for HS series arresters,
with test points for 2 s, 10 s and 130 s
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IEC Type Test Report
Report No. EU1518-H-13
HS Series Porcelain-housed Arrester
20,000 A Line Discharge Class 5

Artificial Pollution

This report records the results of type tests made on HS5 series 20 kA Line
Discharge Class 5 arresters, rated up to 612 kV. Tests were performed in
accordance with procedures of IEC Standard 60099-4, Ed. 2.0, 2004, “Surge
arresters - Part 4: Metal-oxide surge arresters without gaps for a.c. systems.”

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.

M\M Q‘ (ST
M.G. Comber
Manager, Engineering

Date: 9/23/2004
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IEC TYPE TEST REPORT
Artificial Pollution

INTODUCTION:

The HS5 series of arresters are available with different specific creepage distances
for application in environments with different pollution levels. IEC 60815
provides guidelines for specific creepage distances, namely: 16 mm / kV maximum
sy stem voltage for light pollution conditions; 20 mm / kV maximum sy stem voltage
for medium pollution conditions; 25 mm / kV maximum sy stem voltage for heavy
pollution conditions; and 31 mm / kV maximum system voltage for very heavy
pollution conditions. Standard H5 series of arresters are available with specific
creepage distances meeting the IEC 60815 guidelines for different pollution
conditions.

Annex F of IEC 60099-4 prescribes procedures for determining the temp erature
rise of resistor elements when the arrester is subjected to different levels of
artificial pollution. If the temperature rise is found to be greater than 40 K, then
the pre-heating temperature for the operating duty test must be increased from
60°C by an amount that the temp erature rise exceeds 40 K. If the temp erature rise
is not greater than 40 K, no modification to the pre-heating temperature in the
op erating duty test is required. An analytical procedure is provided to determine
the temp erature rise in absence of performing physical tests. These procedures are
used in the following to validate the H5 design for medium pollution conditions.

DEFINITION OF TERMS :

qz [C/hm]  Mean external charge flowing on the surface of insulators and surge
arrester housings during pollution events in service, relevant to a
pollution event lasting a time #z. This parameter is used for the
classification of the pollution severity of asite.

t7 [h] Duration of a pollution event in service.

B [K/C] Ratio between the temp erature rise of the internal parts of the

arrester and the relevant charge flowinginternally as determined in
the preliminary heating test.

T[h] Equivalent thermal time constant of the arrester as determined in the
preliminary heating test.
Dm [m] Average diameter of the surge arrester housing: it is calculated

according to the method rep orted in IEC 60815.
ATz max [K] Maximum theoretical temp erature rise in service calculated as a

function of f3, gz, tz, Dmand .
Ur [kV] is the rated voltage of the surge arrester.
Ur min [kV] is the minimum rated voltage among the surge arrester units.
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PRELIMINARY HEATING TEST: MEASUREMENT OF THE THERMAL
TIME CONSTANT 7t AND CALCULATION OF g:

A procedure similar to that specified in Annex B of IEC 60099-4 was p erformed
on an assembled arrester unit equipped with thermocoup les at three locations
distributed along the length of theresistors. The unit represented the maximum
unit length used in the arrester design, and contained the maximum number of
resistors used for this length unit. The following results were obtained:

— the ambient temperature (7,) was 21.3 °C

— the heating time (#,) was 7 min (required to be less than 10 min);

— the charge (Q},) applied to the surge arrester during the heatingwas 25.3 C

— the temperaturerise (AT},) during the application of charge (Q}) was 119.4 K

— the time (7) derived from the cooling curve of the arrester between the
temp eratures 0of 60 °C and 22 + 0.63 7, was 2.92 h (see coolingcurve below)

The parameter f is calculated according to:

-Zh =472 KC!

CALCULATION OF THEORETICAL MAXIMUM TEMPERATURE RISE OF
RESISTORS :
This calculation assumes that all the charge expected in service (gz) flows

internally. Inthis hypothesis, ATz maxis derived as follows:

1_e(_%z) (Ur = U min

AT, max =BQz Dy t U
;

) (1)

The average diameter (D,,) of the arrester unit is determined according to IEC 600815 as
Dy = (D¢ + D, +2D;) / 4

For the housing used for this arrester

D = 0426 m

De; = 0.380 m

D; =028lm
giving

D, =0342m
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The maximum rated voltage (U;) of the HS series “medium pollution” design is 612 kV,

and the smallest unit used in the lowest specific creepage version of the arrester has a
rated voltage (Uypi,) of 110 kV.

The values of ¢, and ¢, are obtained from Table F.1 of IEC 60099-4. For medium
pollution zone, two sets of values are given:

t,=2h, g, =33C and t,=6h, g, = 24C

Substituting the known, measured and provided values of parameters into (1), the
calculated theoretical maximum temperature rise of resistors for medium pollution events
is:

T,max = 6.3 K for a2 hpollution event
Tymax = 8.1 K for a 6 h pollution event

Since these calculated temperature rises are less than 40 K, it is not necessary to adjust
the 60°C pre-heating temperature for the operating duty test.

!Time for‘temperature to fall from 60Ct0354C = 42.92 h
oy,
Sy
—
0 1 2 3 5
Time (h)

Figure 1. Resistor temperature vs. time after heating to 120°C
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