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Polymer Distribution
Elbow & Parkingstand Arresters

This design test report records the results ofritiooy tests performed gn
Elbow and Parkingstand Arresters which met or ededeall applicable
requirements of these standards:

ANSI/IEEE Standard C62.11-2005, "IEEE StandardMetal-Oxide Surge
Arresters for Alternating Current Power Circuits”
ANSI/IEEE Standard 386-2006, "IEEE Standard for é&aple Insulatec
Connector Systems for Power Distribution Systemew&tt00 V"
ANSI/IEEE Standard 592-1990, "IEEE Standard for d@&Squ
Semiconducting Shields on High-Voltage Cable Joiatsl Separabl
Insulated Connectors"
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Design Test Report

Reports provide details of the tests accordingnéofollowing table:

Section| Description Standard / Clause Page
I Arrester Insulation Withstand Tests C62.11-2005/8.1 2
Il Discharge Voltage Tests C62.11-2005/8.3 3
i Accelerated Aging Test C62.11-2005 /8.5 10
v High Current, Short Duration Test C62.11-2005/8.12 12
\% Low Current, Long Duration Test C62.11-2005/ 8.13 18
VI Duty Cycle Test C62.11-2005/8.14 24
Vi Temporary Overvoltage Capability Test C62.11-2005/ 8.15 29
VI Accelerated Sealing Life Test IEEE std. 386-2006 / 7.12 32
IX Deadfront Arrester Failure Mode Test C62.11-2005/ 8.20 33
X Partial Discharge Test IEEE std. 386-2006 / 7.4 34
XI Operating-Force Test IEEE std. 386-2006 / 7.14 35
Xl Operating-Eye Test IEEE std. 386-2006 / 7.15 36
XII Shielding Test IEEE std. 386-2006 / 7.18 38




e Hubbell Power Systems, Inc.

ot R RN »m 8711 Wadsworth Road
rr HLIE.EELL Wadsworth, OH 4 4244
e yz== Tel: (330) 335-2361
Document: G1-06-04 Fax: (330) 336-9252

SECTION I

INSULATION WITHSTAND TEST: ELBOW & PARKINGSTAND ARRESTER

Introduction and Sample Preparation

The test was conducted in accordance with SectibroBANSI/IEEE Standard C62.11-2005.
Insulating inserts were used in place of MOV blowoddules.

Test Results

Table 1 summarizes the polymer housing minimumedtieic test requirements for each arrester
rating. Each arrester housing exceeded the lisGedH6 and impulse withstand requirements
summarized in table 1.

60Hz 1.2/50us
MCOV Rated DC_for Withstand Impulsi
Voltage 15 minutes . .
(kV) (k) (KV) 1 minute Withstand
(kV RMS) (kV crest)
15kV Class
2.55 3.0 53 34.0 95.0
5.10 6.0 53 34.0 95.0
7.65 9.0 53 34.0 95.0
8.40 10.0 53 34.0 95.0
10.2 12.0 53 34.0 95.0
12.7 15.0 53 34.0 95.0
15.3 18.0 53 34.0 95.0
25kV Class
7.65 9.0 78 40.0 125.0
8.40 10.0 78 40.0 125.0
10.2 12.0 78 40.0 125.0
12.7 15.0 78 40.0 125.0
15.3 18.0 78 40.0 125.0
17.0 21.0 78 40.0 125.0
35kV Class
19.5 24.0 103 50.0 150.0
22.0 27.0 103 50.0 150.0
24.4 30.0 103 50.0 150.0

Tablel
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SECTION II

DISCHARGE VOLTAGE TEST: ELBOW & PARKINGSTAND ARRESTER

Sample Preparation

The discharge voltage tests were performed on ef@e sample consisting of a single 32mm
diameter MOV disc element.

Test Procedure

The test was conducted in accordance with Secti8BroB ANSI/IEEE Standard C62.11-2005
"IEEE Standard for Metal-Oxide Surge Arresters Adternating Current Power Circuits". The
disc was subjected to 8/20 us current waves witgnmizdes ranging from 1.5 kA through 20
KA. In addition, Front-of-wave and switching sumjecharge voltage tests were performed.

Test Results

The following oscillograms show the results of theividual discharge voltage tests. At the end
of this section, a summary table compares the atarotective characteristics versus the
measured values extrapolated from the test data.
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A.) 8/20 ps Discharge Voltage Oscillograms: Tests werdormed per Section 8.3.1 for
nominal 8/20 us discharge current wave shapes.
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B.) Front-of-wave Oscillograms: Tests were performedSeetion 8.3.2.1 for a nominal 5kA
current surge with a time to voltage crest of Oiéraseconds.
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C.) Switching Surge Oscillograms: Tests were performped Section 8.3.2.2 for switching
surge current magnitude of 500A.
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Elbow & Parkingstand Arrester
Protective Characteristics Comparison Table

FOW 5KA IR 45/100uS 500A IR 8/20uS 1.5kA IR i3 3kA IR
MCOV Rated Catalog Catalog Catalog Catalog
Voltage ) Measured ) Measured ) Measured ) Measured
(kV) (k) Maximum (k) Maximum (k) Maximum (k) Maximum (k)
(kV) (kV) (kV) (kV)
15kV Class
2.55 3.0 12.5 11.18 8.50 8.28 9.80 9.1 10.3 9.8
5.10 6.0 25.0 22.36 17.0 16.57 19.5 18.23 20.5 619.
7.65 9.0 33.5 30.56 23.0 22.64 26.0 24.9p 28.0 726.
8.40 10.0 36.0 31.60 24.0 23.42 27.0 25.77 29.6 TR7,
10.2 12.0 50.0 44.72 34.0 33.14 39.0 36.46 41.0 3339.
12.7 15.0 58.5 52.92 40.0 39.21 45.5 43.15 48.6 5446.
15.3 18.0 67.0 61.11 46.0 45.29 52.0 49.83 56.0 7563,
25KkV Class
7.65 9.0 33.5 30.56 23.0 22.64 26.0 24.92 28.0 726.
8.40 10.0 36.0 31.60 24.0 23.42 27.0 25.77 29.6 TR7,
10.2 12.0 50.0 44.72 34.0 33.14 39.0 36.46 41.0 3339.
12.7 15.0 58.5 52.92 40.0 39.21 45.5 43.15 48.6 5446,
15.3 18.0 67.0 61.11 46.0 45.29 52.0 49.83 56.0 7563,
17.0 21.0 73.0 64.95 49.0 48.13 55.0 52.96 60.0 1257,
35kV Class
19.5 24.0 92.0 83.47 63.0 61.86 71.5 68.06 76.6 4173.
22.0 27.0 100.5 91.67 69.0 67.93 78.0 74.75 84,0 .6280
24.4 30.0 108.5 97.42 74.0 72.19 81.1 79.44 88.5 .6835

Table2

o O (o



Hubbell Power Systems, Inc.
2SS 8711 Wadsworth Road

( HI.JE-EELLR‘ Wadsworth. OH 4 4244
SN Tel: (330) 335-2361
Document; G1-06-04 Fax: (330) 336-9252

Elbow & Parkingstand Arrester
Protective Characteristics Comparison Table

8/20uS 5kA IR 8/20uS 10kA IR 8/20uS 20kA IR 830 40kA IR
MCOV Rated Catalog Catalog Catalog Catalog
Voltage ) Measured . Measured . Measured . Measured
(kV) (k) Maximum (k) Maximum (k) Maximum (KV) Maximum (KV)
(kV) (kV) (kV) (kV)
15kV Class
2.55 3.0 11.0 10.5 12.3 11.79 14.3 13.6P 18.5 17.p5
5.10 6.0 22.0 21.0 24.5 23.59 28.5 27.2b 37.0 34.p9
7.65 9.0 30.0 28.7 33.0 32.24 39.0 37.24 50.5 46[6
8.40 10.0 31.5 29.8 36.0 33.34 41.5 38.51 53.0 A8.[1
10.2 12.0 44.0 42.0 49.0 47.18 57.0 54.50 74.0 9%68.[1
12.7 15.0 52.0 49.7 57.5 55.83 67.5 64.49 87.b B0.6
15.3 18.0 60.0 57.4 66.0 64.47 78.0 74.48 101}0 193,
25kV Class
7.65 9.0 30.0 28.7 33.0 32.24 39.0 37.24 50.5 46|6
8.40 10.0 31.5 29.8 36.0 33.34 41.5 38.51 53.0 A8.11
10.2 12.0 44.0 42.0 49.0 47.18 57.0 54.50 74.0 %9.[1
12.7 15.0 52.0 49.7 57.5 55.83 67.5 64.49 87.5 B0.6
15.3 18.0 60.0 57.4 66.0 64.47 78.0 74.48 101]0 193,
17.0 21.0 64.0 61.0 73.0 68.52 84.0 79.15 107,0 0399,
35kV Class
19.5 24.0 82.0 78.4 90.5 88.06 106.% 101.72 138.0 27.28
22.0 27.0 90.0 86.1 99.0 97.71 117.0 111.71 151.5 39.79
24.4 30.0 100.0 91.5 108.0 102.78 124.5 118.[72 0159. 148.55

Table3
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SECTION I11
ACCELERATED AGING TEST: ELBOW & PARKINGSTAND ARRESTER

Introduction

This test is performed to measure the MOV disc @gimaracteristic. The measured watts values
are used to develop elevated voltage ratigsakd K which are used in the duty cycle and
discharge current withstand tests to simulate #réopnance of arresters that have a service life
equivalent to 2000 hours at 115°C.

Sample Preparation

Three 32 mm diameter x 28 mm long discs and th2es® diameter x 43 mm long discs were

selected for testing. The three 43 mm long disa®wesignated as samples #1, 2, & 3 while the
28 mm long discs were designated as samples #465The discs, which represent the longest
and shortest manufactured discs, were assembl@dk ifierglass-epoxy wraps and inserted

inside polymer housings prior to testing.

Test Procedure

The test was performed per Section 8.5 of ANSI/IEE&.11-2005 Standard. The six test
samples were placed inside a 115°C +2°C. oven ardyzed at MCOV for 2000 hours. The
watts loss for each sample was measured at MCO\datydcycle rated voltage two hours after
energization and at the completion of the 2000 hestrduration. Table 4 summarizes the results
of the 2000 hour accelerated aging tests. All wadisies were measured with the samples at

115°C.
Watts Loss| Watts Loss| Watts Loss| Watts Loss .
Sample | at2Hr@ | at2000Hr | at2Hr @ | at 2000Hr Elevation Factors
number MCOV @ MCOV Rating @ Rating K K
PL(W) P2(W) P1(W) P2(W) ¢ f
1 0.568 0.474 2201 1.365 1.0 1.0
2 0.543 0.481 1.947 1.354 1.0 1.0
3 0.544 0.480 1.925 1.354 1.0 1.0
4 0.363 0.325 0.708 0.563 1.0 1.0
5 0.418 0.367 0.946 0.697 1.0 1.0
6 0.382 0.354 0.779 0.639 1.0 1.0
Table4

Test Results
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For each test sample, the final watts loss at MC&M rating is less than the initial watts
measured. Therefore, the KC and K, factors equl These values will be used in the duty
cycle and discharge-current withstand tests.
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SECTION IV

HIGH CURRENT, SHORT DURATION TEST: ELBOW & PARKINGSTAND
ARRESTER

Sample Preparation

This test was performed per Section 8.12 of IEEBn&krd C62.11-2005. The test was
performed on a thermally insulated full size 8.44COV arrester.

Test Procedure

Before and after the high current, short duratest,tthe 5 kA 8/20 us discharge voltage of the
test sample was measured.

The test sample was subjected to two 65 kA 4/1@igsharges. Sufficient time was allowed
between discharges for the sample to cool to amhbeemperature (21°C).

Within 5 minutes after the second high current labsge, the sample was energized at recovery
voltage. The sample watts loss was monitored thiimal stability was demonstrated.

Test Results

The arrester was subjected to two nominal 65 kA12.2 us high current discharges. Table 5
summarizes the results of the 2 high current digsd®g

Shot Gen
Time Date No. KV kA Charge

14:58:43 | 06-18-2012 1 57.014 | 68.642 [ -100.0
13:35:17 | 06-19-2012 2 58.176 | 73.579 | -115.0

Table5
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The following traces show the actual current values

14:58 Monday, June 18, 2012 Senal Number : |IDMDBODT73
£ 8955 - Cument Rige Tme: 4.70¢-000s T = ™
® "  \ohage Peak 56908 k\-" I / \ B
ZFCument Peak: 53 642 k& + ipw
CHI / \ T /
CH2 / N /
~N p
/ \H/ ] \
; TN
+ N -
=16 679A
271138k =
2:7.0840kRS Lopoy Energy: -32.230 K\iAs 2
Z -\\
\\

2:-40 588k\is =
Min : 40 nsipt Sweep Time: 2-GND: -32.230 k\ife 2-1: -32.230 k\fs
Zoom : 8 nsipt 25M smplis 2-TRIG: 18.1 ps 2-1: 24.2607 ps
Zoom Only hemory: Trig: Bdge Pretrigger: 5.0% Bandwidth:
250 smplfs 5000 CHZ OC Pos UL: 69155 kA LL: 43880 kA 25MHz & CHZ DC Pos  UL: 6.9155 kA LL: 4.3880 kA

I
Sample 1
Shot 1

Discharge Current = 68.64 kA
Discharge Voltage = 57.01 kV
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2 13:35 Tuesday, June 19, 2012 $Senal Number : IDMDGOOTTE

r N
2 ;ff:f:t\: Current Ruse Time: 4.77e-0065 T /
FHIETT | btage peak: 58 158 kv ¥ 4 \ﬂ
I Cument Peak: 72,579 kA T
CH1 / \I'-
CH2 E-\ /
v\ ﬁ-/\\
2 16.674icA
2:-71.135k\ =
2:7.0840KVES Lohon Enargy: -35.643 ks T =
JL 1
z -] A
\\ T
—_— \ :
N
2:-49 588k\s =
Nain : 40 nsipt Sweep Time: 2-GND: -35 643 kK\vis 2-1: -35.843 kvhs
Zoom : 8 nsipt 25M smplis 2-TRIG: 18.1 ps 2-1: 24.2607 ps
Zoom Only Memory : Trig: Bdge Pretrigger: 5.0% Bandwidth:
250 smplis 5000 CH2 DC Pos UL: 6.9155 kA LL: 4.3880 kA 25MHz & CH2 DC Pos  UL: 6.9155 kA LL: 4.3880 k#
I
Sample 1
Shot 2

Discharge Current = 67.46 kA
Discharge Voltage = 56.31 kV

Within 5 minutes of the second high current disgkathe sample was energized at recovery
voltage (8.82 kV rms) to represent the maximumveadid watts loss disc. The sample remained
energized until thermal stability was demonstrafeable 6 summarizes the measured watts of
the test sample during the recovery portion oftése.
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Elapsed | Vrecovery It Ir

Time (KVrms) (mA) (mA) Watts

0:00:00 8.85 -2.16 -0.30 1.50

0:00:30 8.84 -0.87 -0.38 1.54

0:01:00 8.85 -0.86 -0.39 1.49

0:02:00 8.67 -0.82 -0.34 1.31

0:05:00 8.69 -0.78 -0.27 1.16

0:10:00 8.71 0.76 0.22 1.04

0:20:00 8.63 0.83 0.19 0.89

0:30:00 8.68 0.89 0.13 0.83

Table6

The following traces show the actual current, \gdtavalues and wave shapes during
recovery period:

Tek Stop M20.0ms Ew

— T ] oL L 288my
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> @

Ch1 RMS
8.85V
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740my

Ch2 Min
—860mv

Math Mean
596.5mvv

CHilT500V 8B 200mv |Z4.00ms A Chi  600mV|

19 Jun 2012
13:

Math [ 5.00 W 4.00ms |+~ 74.5600ms | 32:37

Sample # Recovery @ Time 0+
Chl: 1kv/v Ch2: 2.508 mA/V
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8.32ms
70.5ms

Ch1 RMS
8.84V
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—344mv

';' Math Mean
592.8mvy

CHilT500V 8B 200mv |Z4.00ms A Chi  600mV|

19 Jun 2012
Math [ 5.00 W 4.00ms |+~ 74.5600ms | 13:33:39

Sample#  Recovery @ Time 1 Min.
Chl: 1kv/V  Ch2: 2.508 mA/V

ek stop M20.0ms E
e A 140my
: 68.0mvV

a )
SAVAVAVAVAVAVAVAVAVAVAVAVERS: .

70.5ms

fa : : T T ——— L s
o : : : ; i : : ; 8.68 V

Ch2 Max
3536my

Ch2 Min
—296mv

Math Mean
329.3mvv

'Z[a.00ms A Chi £ 600mv
19 Jun 2012
Math [ 5.00VV ___ 4.00ms i+~ 74.5600ms | 14:02:39

Sample#  Recovery @ Time 30 Min.
Chl: 1kv/vV  Ch2: 2.508 mA/V

The sample 5 kA 8/20 us discharge voltage was meadiefore and after the high current t
The measured values are summarin table 7.
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Chg

Sample No. | Shot Time Date IR (KVc) I (kA) KV Result

Before 1 1 11:27:52 | 6/20/2012 | 29.643 5.003 37.7 Pass

After 1 1 11:31:50 | 4/14/2012 | 30.986 5.037 37.2 Pass

Table7

Test Summary

The test sample successfully completed the higrentitest and demonstrated thermal stability
during the recovery test. The 5 kA 8/20 us dischargitage changed by an acceptable +4.5%,
within the allowable 10% acceptance limit. Disassgnrevealed no evidence of physical
damage to the test sample. Therefore, the testleamp successfully fulfilled the high current,
short duration requirements of the Dead-Front TAqpester.
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SECTION V
LOW CURRENT, LONG DURATION TEST: ELBOW & PARKINGSTAND
ARRESTER

Sample Preparation

This test was performed per Section 8.12 of IEEA&4rd C62.11-2005. The test was performed
on a thermally insulated 8.4kV MCQOV Arrester.

Test Procedure

Before and after the low current, long duration,téee 5 KA 8/20 ps discharge voltage of the test
sample was measured.

The test sample was subjected to three groupsxofmisecutive operations followed by one
group of two operations with a time interval betwe®nsecutive operations of 50-60 seconds.
Sufficient time was allowed between groups of disgles for the sample to cool to ambient
temperature (21°C). Prior to thé"l®peration, the sample was heated to 85 °C. Whirinutes
after the 280 low current discharge, the sample was energizedcatvery voltage. The samples
watts loss was monitored until thermal stabilitysveemonstrated.

Test Results
The arrester was subjected to twenty long duratiarges of 2000 microseconds. Current

magnitude ranged from 75.4 to 83.8 amps durin@€hshot test. Table 8 summarizes the results
of the 20 discharges.

Shot
No. Spec No. Time Date KVc Amps | KJ/Shot | Result Trace
1 3 15:22:30 | 07 May 12 | 21.572 83.8 4.39 Pass
2 3 15:23:16 | 07 May 12 | 21.613 80.0 4.22 Pass 1
3 3 15:24:01 | 07 May 12 | 21.655 77.5 4.11 Pass
4 3 15:24:47 | 07 May 12 | 21.738 77.9 4.12 Pass
5 3 15:25:32 | 07 May 12 | 21.842 80.4 4.26 Pass
6 3 15:26:18 | 07 May 12 | 21.822 78.6 4.16 Pass
7 3 16:40:12 | 07 May 12 | 21.655 81.5 4.28 Pass
8 3 16:40:57 | 07 May 12 | 21.717 79.4 4.19 Pass
9 3 16:41:43 | 07 May 12 | 21.759 76.5 4.07 Pass
10 3 16:42:28 | 07 May 12 | 21.801 78.2 4.15 Pass
11 3 16:43:13 | 07 May 12 | 21.863 78.2 4.14 Pass
12 3 16:43:59 | 07 May 12 | 21.884 75.9 4.05 Pass




i T,
(HUE.E:ELL“

SN =

Hubbell Power Systems, Inc.
8711 Wadsworth Road
Wadsworth, OH 4 4244
Tel: (330) 335-2361

Document: G1-06-04 Fax: (330) 336-9252

13 3 09:15:47 | 08 May 12 | 21.655 81.4 4.28 Pass
14 3 09:16:32 | 08 May 12 | 21.738 79.3 4.19 Pass
15 3 09:17:18 | 08 May 12 | 21.759 78.4 4.16 Pass
16 3 09:18:03 | 08 May 12 | 21.801 78.6 4.18 Pass
17 3 09:18:48 | 08 May 12 | 21.842 78.4 4.17 Pass
18 3 09:19:34 | 08 May 12 | 21.863 78.2 4.18 Pass
Specimen preheated to 855 T Prior to shot 19
19 3 08:12:02 14 May 12 | 21.895 75.8 4.06 Pass
20 3 08:12:48 14 May 12 | 21.978 75.4 4.03 Pass 2
Table8
15:23 Monday, May 07, 2012 Serial Number : IDAO200151
HTER0SY ok 421813, V 1 T =z
+I51A £mps: m:.oa: A ¥
[PulseWidth 90%-90%: 2.056 ms T
Window 1 55
i g
7 )
f N a
5014
-1E+004Y
+1AEH0NVAT B K 442215 Vs T
Window 2 ;g
i Iy
.:,,_r"'"
.
/ ]
-2.01E+003VA
;h:'bin 110 psipt Sweep Time: Cur2-GND: -1.4627 A Cur2-Curl: -81.484 A
‘EZoom 1 psipt 100k smplés Cur2-TRIG: 351 ms Cur2-Curl: 2.06 ms l
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Shot 2. Trace 1
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09:18 Tuesday, My 02, 2012 Serial Humber : 1020200151

e . N
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[Pulseiifidth 90 %-90%: 2.046 ms
(Window 1
il
-~
5014
-1E4004Y
+1 AER0NEE K 441717 Vs T
(Window 2 ::
1 I
'__',—""’JF I
-2 01E4003VA
Main : 10 ps/pt Sweep Time: Cur2-GND: -1.1764 A Cur2-Cur1: -70.613 A
Zoom : 1 ps/pt 100k smplis Cur2-TRIG: 3.51 ms Cur2-Curl: 2.05 ms
[Zoom Only Memory: Trig: Edge  Pretrigger: 10.0% Banduwidth:
!IB:I 5000 CHZ OC Pos UL: 422969 A LL: +12.437 A 1hiHz

Shot 20, Trace 2

Within 5 minutes of the twentieth long duration dtiarge, the sample was energized at the
recovery voltage (8.66 kV rms) to represent the imarn allowed watts loss disc. The sample
remained energized until thermal stability was desti@ted. Table 9 summarizes the measured
watts loss of the test sample during the recovertign of the test.
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Data Elapsed It Ir
No. Time KVRrus (mA) (mA) Watts | Trace
1 00:00:00 | 8.747 -1.19 -0.70 1.14 3
2 00:00:30 | 8.740 -1.22 -1.00 1.07
3 00:01:00 | 8.741 -1.17 -0.80 1.02 4
4 00:02:00 | 8.740 -0.75 -0.60 0.92
5 00:04:00 | 8.512 -0.70 -0.57 0.75
6 00:06:00 | 8.498 -0.71 -0.54 0.70
7 00:08:00 | 8.519 -0.69 -0.54 0.67
8 00:10:00 | 8.485 -0.69 -0.55 0.63
9 00:12:00 | 8.503 -0.68 -0.54 0.61
10 00:14:00 | 8.503 -0.68 -0.52 0.59
11 00:16:00 | 8.475 -0.69 -0.52 0.56
12 00:18:00 | 8.481 -0.69 -0.52 0.54
13 00:20:00 | 8.469 -0.67 -0.51 0.52
14 00:22:00 | 8.473 -0.67 -0.50 0.50
15 00:24:00 | 8.475 -0.69 -0.51 0.49
16 00:26:00 | 8.486 -0.69 -0.49 0.47
17 00:28:00 | 8.481 -0.67 -0.52 0.46
18 00:30:00 | 8.493 -0.67 -0.50 0.45 5
Table9

The following traces show the actual current, \gdtavalues and wave shapes during the

recovery period:
Tek Stop M40.0ms E S )]
i 520my

M
@: —-266mMmv
2 | A B.32ms
H @ —6.08ms

Ch1 RMS
8.327 V

Ch2 Max
284.7mV

Ch2 Min
—304.9mv

Math Mean
522.1mvV

CRIT S50V " Ta Toomy Zd-poms A ChT S So0my

9 May 2012
Math | 2.00 vV 4.00ms |+[0.000005 | 15:59:03

Trace 3
Recovery @ Time 0 — 1kV/V 2.508mA/V
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' Math Mean
437. 1mvv
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Trace 4

Recovery @ 1 Min. — 1kV/V 2.508mA/V
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Trace 5

Recovery @ 30 Min. — 1kV/V 2.508mA/V
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The sample’s 5 kA 8/20 us discharge voltage wassaored before and after the high current
test. The measured values are summarized in t@ble 1

Chg
Sample No. | Shot Time Date IR (KVc) I (kA) KV Result
Before 1 1 10:58:17 | 4/25/2012 | 29.374 5.182 37.25 Pass
After 1 1 15:15:07 | 5/11/2012 | 29.180 5.116 37.25 Pass

Table 10

Test Summary

The test sample successfully completed the loweatiriong duration test and demonstrated
thermal stability during the recovery test. The A 820 ps discharge voltage changed an
acceptable -0.7%, within the allowable 10% acceggdimit. Disassembly revealed no evidence
of physical damage to the test sample. Therefbe tést sample successfully fulfilled the low
current, long duration requirements of the DeadhEiiype Arrester.
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SECTION VI

DUTY CYCLE TEST: ELBOW & PARKINGSTAND ARRESTER

Sample Preparation

This test was performed per Section 8.14 of IEEBn&rd C62.11-2005. The test was
performed on a thermally insulated full size 8.44MCOV arrester.

Test Procedure

Before and after the duty cycle test, the 5 kA §i20discharge voltage of the test sample was
measured.

The test sample was then energized at duty cytdel roltage and subjected to (20) 5 kA 8/20
ps discharges spaced one minute apart. Per thdastiithese 5 kA discharges were electrically
timed to occur at approximately 60° before 60-Hitage crest.

The test sample was preheated to 85 °C and wascted)jto two additional 5 kA 8/20 ps duty
cycle operations while energized at MCOV. After tineenty-second duty cycle operation, the
sample was energized at recovery voltage. The sasnphtts loss was monitored until thermal
stability was demonstrated.
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Test Results

The arrester was energized at duty cycle rateédgel{14.2 kV rms ) and subjected to (20) 5 kA
surges spaced one minute apart. Table 11 summanzessults of the 20 surges.

Shot Shot Impulse | Vgatep 60HzI; | 60HzI,
No. Time (kA) (KV¢) (mA) (mA) Watts
1 9:34:35 5.1 14.191 0.96 0.25 0.63
2 9:35:26 5.1 14.201 -0.87 -0.15 0.66
3 9:36:17 5.1 14.226 0.91 0.28 0.77
4 9:37:07 5.0 14.201 1.32 0.23 0.80
5 9:37:58 5.0 14.181 3.48 0.33 0.72
6 9:38:49 4.9 14.201 0.97 0.33 0.89
7 9:40:30 4.9 14.224 2.08 0.35 0.90
8 9:41:21 5.0 14.211 1.36 0.30 0.97
9 9:42:12 5.0 15.469 -3.53 -0.18 0.88
10 9:43:02 4.9 15.441 3.49 0.28 0.98
11 9:43:53 5.0 14.287 3.49 0.33 0.78
12 9:44:43 4.9 14.210 -1.04 -0.30 1.15
13 9:45:34 4.9 14.173 3.53 0.30 0.81
14 9:46:24 4.9 14.240 1.00 0.30 1.23
15 9:47:15 5.0 14.199 -0.85 -0.35 1.23
16 9:48:06 5.0 14.154 1.40 0.45 1.26
17 9:48:56 5.0 14.188 1.14 0.35 1.30
18 9:49:47 4.9 14.146 1.02 0.40 1.34
19 9:50:38 4.9 14.105 -1.13 -0.25 1.31
20 9:51:28 4.9 14.140 -0.98 -0.28 1.35

Table11

After successful completion of the (20) shot tdbe sample was preheated to 85 °C and
subjected to an additional two 5 kA surges spacednoinute apart with the sample energized at
MCOV (8.5 kV rms). Table 12 summarizes the resoithe 2 additional surges.

Shot Shot Impulse | Vrecovery | 60Hz 1, | 60Hz I,

No. Time (kA) (KVRums) (mA) (mA) Watts
21 13:04:36 4.8 8.472 -0.63 -0.08 0.36
22 13:05:27 4.7 8.479 1.27 0.15 0.42

Table12
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The sample was energized after the 22nd 5 kA sargecovery voltage until thermal stabil
was demonstrated. The recovery voltage represeatsiaximum allowed watts loss disc. Ta
13 summarizes the results of the recovery voltage

Elapsed | Vrecovery | 60HZ I, | 60HzZ I,

Time (KVRums) (mA) (mA) Watts
0:00:00 8.50 -0.62 -0.100 0.41
0:00:30 8.51 -0.64 -0.075 0.37
0:01:00 8.49 -0.62 -0.050 0.35
0:02:00 8.49 -0.63 -0.075 0.33
0:05:00 8.49 -0.63 -0.025 0.30
0:10:00 8.48 -0.61 -0.050 0.28
0:20:00 8.47 -0.62 -0.050 0.25
0:30:00 8.50 -0.61 -0.050 0.22

Table 13

The following traces show the actual current, \gdtavalues and wave shapes during
recovery period:

ek Stop M40.0ms > [ |
. 80.0mv
o 50.0my

8.48ms
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A A O T
@ i o 1R
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Chi[ 500V e s00mv |Zl4.00ms A Chi f S00mv

Math [ 2.00 WV 4.00ms |1+~ [160.000ms _| :36:38
Sample i1 Recovery @ Time 0+
Ch1: 1kVv/vV  Ch2: 2.508 mA/V
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Sample 1 Recovery @ Time 1 Min.
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The sample 5 kA 8/20 pdischarge voltage was measured before and afteiutyecycle test.
The measured values are summarized in T&4.
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Chg

Sample No. | Shot Time Date IR (KVc) I (kA) KV Result

Before 1 1 11:27:52 | 4/09/2012 | 29.553 4.962 37.2 Pass

After 1 1 10:05:38 | 4/14/2012 | 30.986 5.037 37.2 Pass

Table5
Conclusion

The test sample successfully completed the dutiedgst and demonstrated thermal stability
while being energized at recovery voltage. The 5820 us discharge voltage changed an
acceptable +4.8%, within the allowable 10% acceggdimit. Disassembly revealed no evidence
of physical damage to the test sample. Thereftwe tdst sample has successfully fulfilled the
duty cycle requirements of the Dead-Front Type stee
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SECTION VII

TEMPORARY OVERVOLTAGE CAPABILITY TEST: ELBOW & PARKINGSTAND
ARRESTER

Introduction

This test was performed per Section 8.15 of IEEBn&&rd C62.11-2005. The tests were
performed on (5) prorated test samples, selectedpi@sent the most severe design conditions,
i.e., the minimum allowed discharge voltage level.

Test Procedure

Per Section 8.15.1, each prorated sample is t@stg] different time ranges ranging from (.01-
.1 seconds) to (1,001-10,000 seconds). Per SeRticn3.1, the test is performed to demonstrate
the temporary overvoltage (TOV) capability of thesgyn under "no prior duty" conditions. For
each TOV voltage setting, the test circuit appthes voltage to the sample (preheated to 85°C)
for time duration sufficient to exceed that claimea the "no prior duty” curve. Within 100
milliseconds after the TOV, a recovery voltage ppleed for (30) minutes to demonstrate
thermal stability. The recovery voltage level tak@s account the maximum allowed watts loss
for the sample.

Prior to and after the TOV application, the 5 kAaharge voltage of each sample is measured.
Test Results
Tests were successfully completed on (5) prorasedpges in (5) specified time ranges. Each

sample demonstrated thermal stability after TOV osxpe. Table 15 summarizes the TOV
values for the Normal Duty Elbow/Parkingstand aeefor "no prior" conditions.

Sample TOV Duration No Prior Duty TOV
Number (Seconds) (Per Unit MCOV)
3,5,7,8&9 0.1 1.63
3,57,8&9 1. 1.53
3,57,8&9 3.0 1.49
3,5,7,8&9 10 1.45
3,5 7,8&9 1000 1.35
Table 65

Table 16 summarizes the 5 kA discharge voltageeeotamples measured prior to and after the
TOV test.
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Sample 5 kA IR Before 5 kA IR After Percent

Number TOV Test TOV Test Change

3 27.186 kV 27.300 0.42

5 26.960 kV 27.316 1.32

7 26.977 kV 27.300 1.20

8 27.009 kv 27.396 1.43

9 27.025 kv 27.283 0.95

Table 16
Conclusion

The 5 kA 8/20 ps discharge voltage of each samm@ged less than 1.43% as a result of the
TOV duty. Disassembly revealed no evidence of miaysilamage caused by the TOV testing.
The individual test points successfully confirmdte tclaimed TOV capability curve. The
following curve plots the individual "no prior duitffOV data points on the TOV capability

curve.
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SECTION VIII

ACCELERATED SEALING LIFE TEST: ELBOW & PARKINGSTAND ARRESTER

Introduction

This test was performed per Section 7.12 of IEEESARtandard 386-2006, "IEEE Standard for
Separable Insulated Connector Systems for PowériliRison Systems Above 600V".

Test Setup

Per section 7.12 the four arresters were placeghimven having 12I°C temperature for three
weeks. The four samples were then removed and tepepace using the operating eye.

The four arresters were then subjected to 50 cyofebeing placed for | hour in a 121°C
temperature oven then removed and submerged in 28T conductive water for | hour.

At the completion of the 50th cycle the samplesenmeasured for watts loss and subjected to
the design impulse test (section 7.5.3 of IEEE/AS&Indard 386-2006).

Test Results
No change in watts loss was observed and no punotuflashover occurred when the samples

were subjected to impulse. Table 17 summarizesvtlités loss @ 8.4 kV before and after the
Accelerated Sealing Life Test

Sample Initial Final

Number Watts Watts
9 0.15 0.15
10 0.16 0.15
19 0.18 0.17
20 0.16 0.16

Table17
Conclusion

The four samples successfully completed the actelgrsealing life test. They did not
demonstrate an appreciable change in watts lossdahchot flashover or puncture when
subjected to impulse testing.
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SECTION IX

DEADFRONT ARRESTER FAILURE MODE: ELBOW & PARKINGSTAND
ARRESTER FAULT CURRENT WITHSTAND TESTS
Introduction
This test was performed per Section 8.20 of IEEAn&ird C62.1 1-2005.
Test Setup

Per section 8.20, the arresters were prefauledopen-circuit test voltage was then applied
within 5 minutes of the prefault mode. Three aeesivere tested with a fault current of 500 A
for a minimum duration of 0.3 s (20 c), three aiddial arresters were tested at a fault current of
10,000 A for a minimum duration of 0.17 s (10 c).

Test Results

Each of the samples subjected to fault current leegéhe valve elements intact with release of
the bottom grounded cap.

Conclusion

None of the samples tested fractured or ejectecevelements through the body of the arrester,
therefore demonstrating conformance to the testdsta. Oscillographic recordings showed
conformance with the current magnitude and duragfmecified.
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SECTION X

PARTIAL DISCHARGE TEST: ELBOW & PARKINGSTAND ARRESTER

Introduction
This test was performed per Section 7.4 of ANSIEE®Randard 386-2006 "IEEE Standard for
Separable Insulated Connector Systems for PowerilRison Systems Above 600 V".

Test Setup

The equipment and test methods conformed to ANEHIEStandard 386-2006 "IEEE Standard
for Separable Insulated Connector Systems for Pdwstribution Systems Above 600 V"
requirements. Prior to the test, the CDO 77A CorDe#ector was calibrated by the Calibrator
Type CDO-CI.

Test Results

A background noise level of 0.5 pC was measurear poi energization of the arrester housing.
The arrester housing noise level met the requirésn&EEE 386 -2006.

Conclusion

The Arresters successfully passed the internakzatitin and PD tests by not exceeding the
allowed 3 pC test limit. Internal ionization test® routinely performed on all arresters.
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SECTION XI
OPERATING-FORCE TEST: ELBOW & PARKINGSTAND ARRESTER
Introduction

This test was performed per Section 7.14 of IEEEBANStandard 386-2006 “IEEE Standard for
Separable Insulated Connector Systems for PowdriliRison Systems Above 600 V". The tests
were performed on (4) assembled arresters.

Test Procedure

Per Section 7.14 each of the assembled elbow arsestre tested at -20°C, +25°C and + 65°C.
Each test consisted of closing the connector aed thopening it within 10 min. The force was
applied to the operating eye parallel to the akihe probe at a rate of 5 in/min.

Test Results

Table 18 summarizes the results of the operatingeftests.

Sample Open -20C | Open +28C | Open +68C | Close -20C | Close +28C | Close +63C

Number (Ibf) (Ibf) (Ibf) (Ibf) (Ibf) (Ibf)
1 191 136 125 136 167 131
2 184 74 106 167 169 124
3 177 151 85 148 162 84
4 177 121 85 168 164 144

Table 18
Conclusion

The arresters performed within the 50 Ibf — 200ftbte requirement of IEEE/ANSI 386-2006
Standard.
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SECTION XIlI
OPERATING-EYE TEST: ELBOW ARRESTER
Introduction

This test was performed per Section 7.15 of IEEEBANStandard 386-2006 “IEEE Standard for
Separable Insulated Connector Systems for PoweritiRison Systems Above 600 V".

Setup

Two separate tests were run on the operating-eyebdth tests, the elbow arresters were tested
at ambient temperature. Four elbow arresters wszd in each of the two tests. For the first test,
four elbow arresters were pulled in tension urtegy broke. The purpose of this test was to
obtain maximum load values for the operating-eye.the second test, four elbow arresters were
tested for partial discharge. Then the operatirgj\@gs loaded with both a tensile force and a
rotational force using a live-line tool. The purposf this test was to demonstrate that the
operating-eye could support a 14 N-m (120 Ibf-wtational force, along with a static operating
force of 2,224 N (500 Ibf).

Procedure

Test 1: Average Maximum Load

a. Using the large cantilever, the 1,500 Ib. tensiadl cell, and the Omega meter, a tensile
force was gradually applied to the operating-eyeawh elbow arrester in the direction of
normal operation.

b. The tensile force was gradually applied until thpemating-eye failed by pulling away
from the elbow arrester.

c. The maximum load was then recorded from the Omegfamfior each elbow arrester and
an average load was calculated.

Summary
Each of the operating-eyes was able to hold mae the required 2,224 N-m (500 Ibf). Table
19 summarizes the results of the operating eye manxi force tests.

Sample Maximum Force
Number (Ibf)

1 822.4

2 896.2

3 896.2

4 892.5

Table 19
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Test 2: Static Force and Rotational Force Test
Partial discharge levels were obtained for founellarrester housings. A tensile load of
500 Ibf was applied to each of the elbow arrestensnal to the operating eye for 60
seconds. Using the Chance live line tool a rotafidarce of 120 Ibf-in (14 N-m) was
applied in both clockwise and counterclockwise dimns. Partial discharge levels were
then obtained for all four elbow arresters and carag to the initial values.

Summary

Some distortion of the operating-eye was evideotydver, this was acceptable because the
elbow was still serviceable and passed partiahdisge requirements of the standard.
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SECTION XI11
SHIELDING TEST: ELBOW & PARKINGSTAND ARRESTER
Introduction

This test was performed per Section 7.18 of ANEHHAEStandard 386-2006, "IEEE Standard for
Separable Insulated Connector Systems for Powdriliison Systems Above 600 V”. Section
7.18 states that the test procedure shall be iordance with IEEE Std. 592-1990, “IEEE
Standard for Exposed Semiconducting Shields on HNighage Cable Joints and Separable
insulated Connectors”.

Test Setup

The equipment and test methods conformed to IEEESSR2-1990, "IEEE Standard for Exposed
Semiconducting Shields on High-Voltage Cable Jaamid Separable insulated Connectors".
Shield Resistance Test: Arrester shield resistance measurements wereompegtl on unaged
samples and air oven aged samples (1245 for 504 hours). The measurements were taken
with the test specimen temperature at 2@82C and at 90°C:5°C. Fault-Current Initiation
Test: Test samples were prepared in accordance witloset 3 of IEEE Std. 592-1990.

Test Results
Each sample, before and after aging, measuredHass500Q shield resistance. Samples also

successfully initiated two consecutive fault-cutrarcs to ground as specified in 4.3. Table 20
summarizes the results of the shielding tests.

. : R @ 20°C R @ 90°C
Sjrrnng('fr Rucfaég dC RUC?azg dC Aged 504Hrs. @ Aged 504Hrs. @
121°C 121°C
1 4400 3960 4600 1,3300
2 6100 6200 5840 1,3300
Table 20
Conclusion

The housings meet the requirements of IEEE Std-138® by demonstrating shield resistance
less than 500Q@ and capability of initiating two consecutive faalirrent arcs to ground as
specified in 4.3.




