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NOTICE

The information contained herein is, to our knowledge, accurate and reliable at the date of
publication.

Neither GTRC nor The Georgia Institute of Technology nor NEETRAC will be responsible for
any injury to or death of persons or damage to or destruction of property or for any other loss,
damage or injury of any kind whatsoever resulting from the use of the project results and/or
data.

GTRC, GIT and NEETRAC disclaim any and all warranties, both express and implied, with
respect to analysis or research or results contained in this report.

It is the user's responsibility to conduct the necessary assessments in order to satisfy themselves as to
the suitability of the products or recommendations for the user's particular purpose.

No statement herein shall be construed as an endorsement of any product, process or provider.

NEETRAC Project No. 10-112, Final Report — September 30, 2010 Page ii



National Electric Energy Testing, Research & Applications Center

Table of Contents

INTRODUGCTION .ottt s e e s e e e st e e et e e e s e e este e e saseeesnsaeeanseeesnaeeennaaeasaeennns 5
TEST SAMPLES ...ttt ettt ettt et st e st et e st et e beebe b eneereebeneeneanas 5
PROCEDURE & RESULTS ..ottt sttt abe et en s 6

Clause 8.4.2.2.1 The 1.2/50 Impulse Sparkover Determination Test ..........cccocvrvervrinieenienn 6

Clause 8.4.2.1.1 Front-of-Wave Impulse Sparkover Determination Test...........ccccevveiverienen. 13
CONCLUSIONS......c ettt ettt bbbt e bt et e st e s e b et et e neebe e e ne s et e enene 19
EQUIPIMENT ...ttt ettt et s bt s et st et e bt et et e ne et e st et ene et et ene s 20
REFERENGCES ...ttt et e e st e e et e e e s e e e e nbe e e st e e e nnbeeesaaeantes 20
APPENDIX A - FUll IMPUISE DAtA LOG ..ottt 21
APPENDIX B - Front-of-Wave SPreadsheet ..........ccccvoviieiiiie e 27

Table of Figures

Figure 1 — Typical arrester impulSe tESt SETUP .....oivveriieieiie e 6
Figure 2 — Typical arrester iMPUISE SELUP.......c.oiiiiiiiieiee e 7
Table of Tables
LI Lo Lo R TS ST T ] o =TSSR 5
Table 2 — Clause 8.4.2.2.1 — 10 kV Arrester Results — Sample 10-1 .......c.ccoevviievievecicceece e 8
Table 3 — Clause 8.4.2.2.1 - 10 kV Arrester Results — Sample 10-2 ........cccooeviiiiiinninieneeneee e 8
Table 4 — Clause 8.4.2.2.1 - 10 kV Arrester Results — Sample 10-3.........cccociiriniiiiienc e 9
Table 5 — Clause 8.4.2.2.1 - 18 kV Arrester Results — Sample 18-1........ccccccvvvevviinviece e 9
Table 6 — Clause 8.4.2.2.1 - 18 kV Arrester Results — Sample 18-2........ccccocveveeveiie v 10
Table 7 — Clause 8.4.2.2.1 - 18 kV Arrester Results — Sample 18-3.........cccoviiiiniinniieieceneens 10
Table 8 — Clause 8.4.2.2.1 - 27 kV Arrester Results — Sample 27-1 ........ccccocviiniiieneneieeeeeen 11
Table 9 — Clause 8.4.2.2.1 - 27 KV Arrester Results — Sample 27-2 .......ccoevvvievieeieiie e 11
Table 10 — Clause 8.4.2.2.1 - 27 kV Arrester Results — Sample 27-3.........ccccocevveveeve i, 12
Table 11 — Clause 8.4.2.2.1 The 1.2/50 Impulse Sparkover Determination Test Results Summary......... 12
Table 12 — Clause 8.4.2.1.1 Front-of-Wave Impulse Parameters...........cccoeverenineniniisienenenie e 13
Table 13 — Sample 27-1 Front-0f-Wave RESUILS ...........ccviiiiiiiice e 14

NEETRAC Project No. 10-112, Final Report — September 30, 2010 Page iii



National Electric Energy Testing, Research & Applications Center

Table 14 — Sample 27-2 Front-of-Wave ReSUltS ..........cccccviiiviiieiiiciicciee
Table 15 — Sample 27-3 Front-of-Wave Results ...........ccccoovvievveieiienieine
Table 16 — Sample 18-1 Front-of-Wave Results ...........ccccocvvievvevciieieenne
Table 17 — Sample 18-2 Front-of-Wave Results ...........ccccccevvevvivciicinenne
Table 18 — Sample 18-3 Front-of-Wave ReSUlts ..........cccccovvviiiiie i
Table 19 — Sample 10-1 Front-of-Wave Results ...........cccovvviivieiciieieenns
Table 20 — Sample 10-2 Front-of-Wave Results ...........ccccccevivevveiciieinenns
Table 21 — Sample 10-3 Front-of-Wave Results ...........cccccccevvevviiciicinene

Table 22 — Clause 8.4.2.1.1 Front-of-Wave Impulse Sparkover Determination Test Results Summary... 18

Table 23 — Arrester Results Summary per Clause.........cccccooevviincieninnnns

NEETRAC Project No. 10-112, Final Report — September 30, 2010

Page iv



National Electric Energy Testing, Research & Applications Center

Arrester Design Tests per IEEE C62.11™-2005

INTRODUCTION

for
Cooper Power Systems

NEETRAC Project No. 10-112

Mr. Jeff Kester, Arrester Engineering Manager, of Cooper Power Systems, requested the Georgia
Institute of Technology National Electric Energy Testing, Research & Applications Center
(NEETRAC) to perform various arrester design tests per IEEE C62.11™-2005. The sample set
requested for testing consisted of 10 kV, 18 kV, and 27 kV Cooper Evolution, heavy duty,

distribution class arresters.

The arrester test samples were provided by Cooper Power Systems.

Testing was performed by NEETRAC personnel during the month of June, 2010, at the NEETRAC
High Voltage Laboratory in Forest Park, Georgia USA. All tests were witnessed by Mr. Jon
Woodworth, Consultant, of Arrester Works.

See Table 23 on page 19 for a summary of the results.

TEST SAMPLES

Test samples were provided by Cooper Power Systems. Sample descriptions are listed in Table 1.

Table 1 — Test Samples

Date of

Sample Description Qty. Model No. Manufacture | Sample No.
Cooper Evolution 10 kV,
heavy duty, distribution 10-1 thru 10-3
arrester with disconnector and (with one spare
insulated bracket 4 URT 1005 06-10 for set up)
Cooper Evolution 18 kV,
heavy duty, distribution 18-1 thru 18-3
arrester with disconnector and (with one spare
insulated bracket 4 URT 1808 06-10 for set up)
Cooper Evolution 27 kV,
heavy duty, distribution 27-1 thru 27-3
arrester with disconnector and (with one spare
insulated bracket 4 URT 2711 06-10 for set up)
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PROCEDURE & RESULTS

Tests were performed in accordance with IEEE C62.11™-2005 Standard for Metal-Oxide Surge
Arresters for AC Power Circuits (> 1 kV) and IEEE Standard 4™-1995 Standard Techniques for
High-Voltage Testing. The test program consisted of the following clauses from IEEE C62.11-2005:

1. Clause 8.4.2.1.1 Front-of-wave impulse sparkover determination test, and
2. Clause 8.4.2.2.1 The 1.2/50 impulse sparkover determination test.

The tests outlined in the above clauses of the standard are used to establish product ratings and do
not contain pass/fail criteria. All of the above tests were performed on three samples of each voltage
class. The fourth sample was used as a set up sample for some of the tests.

Clause 8.4.2.2.1 The 1.2/50 Impulse Sparkover Determination Test

Three each of the 10 kV, 18 kV, and 27 kV arresters were tested. The results from this test
determined that the additional tests of Clause 8.4.2.2.2 were not required. Typical impulse test
setups are shown in Figures 1 and 2.

According to the Cooper Evolution arrester published literature Document 235-99, dated May, 2009,
the arrester discharge voltage at the classifying current of 10 kA is 25.4 kV for the 10 kV samples,
47.8 kV for the 18 kV samples, and 68.0 kV for the 27 kV samples.

The 1.2/50 impulse sparkover determination test results are shown in Tables 2 through 11. Circuit
setup test shots were performed on the spare (fourth) sample of each voltage class. The full impulse
log is contained in Appendix A.

Haefely 600 kV
impulse generator

Figure 1 — Typical arrester impulse test setup
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Figure 2 — Typical arrester impulse setup
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Table 2 — Clause 8.4.2.2.1 — 10 kV Arrester Results — Sample 10-1
Front Time /
Sample No. and Peak | Timeto Chop | Record
Impulse Generator Charge Level | Description (kV) (ps) No.
Sample 10-1 neg shot 1 94.5 kV4y | Full Voltage -22.0 0.167 98
Sample 10-1 neg shot 2 94.5 kV,, | Full Voltage -21.2 0.167 101
Sample 10-1 neg shot 3 94.5 kV,, | Full Voltage -22.0 0.167 104
Sample 10-1 neg shot 4 94.5 kV,, | Full Voltage -21.3 0.134 107
Sample 10-1 neg shot 5 94.5 kV,, | Full Voltage -21.5 0.134 110
Highest Peak | -22.0
Sample 10-1 pos shot 1 94.5 kV g Full Voltage 21.9 0.167 120
Sample 10-1 pos shot 2 94.5 kVg | No trigger - - -
Sample 10-1 pos shot 3 94.5 kV, | Full Voltage 21.3 0.167 130
Sample 10-1 pos shot 4 94.5 kV, | Full Voltage 21.8 0.167 133
Sample 10-1 pos shot 5 94.5 kV., | Full Voltage 215 0.167 136
Sample 10-1 pos shot 6 94.5 kV., | Full Voltage 21.9 0.167 139
Highest Peak | 21.9

Table 3 — Clause 8.4.2.2.1 - 10 kV Arrester Results — Sample 10-2
Front Time /
Sample No. and Peak | Time to Chop | Record
Impulse Generator Charge Level | Description (kV) (us) No.
Sample 10-2 neg shot 1 94.5 kV¢q | Full Voltage -22.5 0.167 99
Sample 10-2 neg shot 2 94.5 KV g Full Voltage -24.0 0.134 102
Sample 10-2 neg shot 3 94.5 kV¢,q | Full Voltage -21.4 0.167 105
Sample 10-2 neg shot 4 94.5 kVq | Full Voltage -22.4 0.167 108
Sample 10-2 neg shot 5 94.5 kV4y | Full Voltage -21.1 0.167 111
Highest Peak | -24.0
Sample 10-2 pos shot 1 94.5 kV, | Full Voltage 21.8 0.167 121
Sample 10-2 pos shot 2 94.5 kV.,, | Full Voltage 21.7 0.167 128
Sample 10-2 pos shot 3 94.5 kV.,, | Full Voltage 22.1 0.167 131
Sample 10-2 pos shot 4 94.5 kV.,, | Full Voltage 21.8 0.167 134
Sample 10-2 pos shot 5 94.5 kV.,, | Full Voltage 22.0 0.167 137
Highest Peak | 22.1
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Table 4 — Clause 8.4.2.2.1 - 10 kV Arrester Results — Sample 10-3
Front Time/
Sample No. and Peak | Timeto Chop | Record
Impulse Generator Charge Level | Description (kV) (us) No.
Sample 10-3 neg shot 1 94.5 kVy | Full Voltage -21.3 0.167 100
Sample 10-3 neg shot 2 94.5 kV,, | Full Voltage -21.6 0.134 103
Sample 10-3 neg shot 3 94.5 kV,, | Full Voltage -22.2 0.167 106
Sample 10-3 neg shot 4 94.5 kV,, | Full Voltage -22.0 0.167 109
Sample 10-3 neg shot 5 94.5 kV,, | Full Voltage -22.3 0.134 112
Highest Peak | -22.3
Sample 10-3 pos shot 1 94.5 kV g Full Voltage 21.3 0.167 122
Sample 10-3 pos shot 2 94.5 kV g Full Voltage 21.9 0.134 129
Sample 10-3 pos shot 3 94.5 kV., | Full Voltage 21.3 0.134 132
Sample 10-3 pos shot 4 94.5 kV, | Full Voltage 21.9 0.167 135
Sample 10-3 pos shot 5 94.5 kV, | Full Voltage 214 0.167 138
Highest Peak | 21.9

Table 5 — Clause 8.4.2.2.1 - 18 kV Arrester Results — Sample 18-1
Front Time /
Sample No. and Peak | Time to Chop | Record
Impulse Generator Charge Level | Description (kV) (us) No.
Sample 18-1 pos shot 1 184 kV¢hg Full Voltage 43.8 0.167 146
Sample 18-1 pos shot 2 184 kV¢hg Full Voltage 434 0.167 149
Sample 18-1 pos shot 3 184 kV¢hg Full Voltage 43.6 0.167 152
Sample 18-1 pos shot 4 184 KV g Full Voltage 44.8 0.200 155
Sample 18-1 pos shot 5 184 KV ¢hg Full Voltage 43.1 0.167 158
Highest Peak | 44.8
Sample 18-1 neg shot 1 184 kV .y, Full Voltage -44.8 0.200 166
Sample 18-1 neg shot 2 184 kV.,, | Full Voltage -45.9 0.167 173
Sample 18-1 neg shot 3 184 kV.,, | Full Voltage -46.0 0.167 176
Sample 18-1 neg shot 4 184 kV,,, | Full Voltage -46.8 0.167 179
Sample 18-1 neg shot 5 184 kV.,, | Full Voltage -48.0 0.167 182
Highest Peak | -48.0
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Table 6 — Clause 8.4.2.2.1 - 18 kV Arrester Results — Sample 18-2
Front Time /
Sample No. and Peak | Time to Chop | Record
Impulse Generator Charge Level | Description (kV) (us) No.
Sample 18-2 pos shot 1 184 kV g Full Voltage 42.8 0.200 147
Sample 18-2 pos shot 2 184 kV g Full Voltage 44.6 0.200 150
Sample 18-2 pos shot 3 184 kV g Full Voltage 41.4 0.167 153
Sample 18-2 pos shot 4 184 kV g Full Voltage 43.2 0.167 156
Sample 18-2 pos shot 5 184 kV g Full Voltage 41.4 0.200 159
Highest Peak | 44.6
Sample 18-2 neg shot 1 184 kV 4 Full Voltage -44.8 0.200 167
Sample 18-2 neg shot 2 184 kV 4 Full Voltage -46.7 0.167 174
Sample 18-2 neg shot 3 184 kV 4 Full Voltage -44.9 0.200 177
Sample 18-2 neg shot 4 184 kV 4 Full Voltage -46.6 0.200 180
Sample 18-2 neg shot 5 184 kV 4 Full Voltage -47.4 0.167 183
Highest Peak | -47.4

Table 7 — Clause 8.4.2.2.1 - 18 kV Arrester Results — Sample 18-3
Front Time/
Sample No. and Peak | Timeto Chop | Record
Impulse Generator Charge Level | Description (kV) (ps) No.
Sample 18-3 pos shot 1 184 KV ¢hg Full Voltage 42.2 0.167 148
Sample 18-3 pos shot 2 184 KV ¢hg Full Voltage 41.7 0.167 151
Sample 18-3 pos shot 3 184 kV¢hg Full Voltage 42.7 0.200 154
Sample 18-3 pos shot 4 184 KV ¢hg Full Voltage 41.8 0.167 157
Sample 18-3 pos shot 5 184 KV ¢hg Full Voltage 41.6 0.167 160
Highest Peak | 42.7
Sample 18-3 neg shot 1 184 kV ¢, Full Voltage -44.7 0.200 168
Sample 18-3 neg shot 2 184 kV g Full Voltage -44.6 0.200 175
Sample 18-3 neg shot 3 184 kV g Full Voltage -44.8 0.167 178
Sample 18-3 neg shot 4 184 kV g Full Voltage -45.7 0.167 181
Sample 18-3 neg shot 5 184 kV g Full Voltage -45.2 0.200 184
Highest Peak | -45.7
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Table 8 — Clause 8.4.2.2.1 - 27 kV Arrester Results — Sample 27-1
Front Time /
Sample No. and Peak | Time to Chop | Record
Impulse Generator Charge Level | Description (kV) (us) No.
Sample 27-1 neg shot 1 264 KV g Full Voltage -63.2 0.200 196
Sample 27-1 neg shot 2 264 KV g Full Voltage -64.2 0.167 199
Sample 27-1 neg shot 3 264 kV g Full Voltage -64.6 0.167 202
Sample 27-1 neg shot 4 264 KV g Full Voltage -66.5 0.167 205
Sample 27-1 neg shot 5 264 KV g Full Voltage -64.6 0.167 208
Highest Peak | -66.5
Sample 27-1 pos shot 1 315 kV ¢y Full Voltage 59.0 0.200 251
Sample 27-1 pos shot 2 315 kV¢hg Full Voltage 61.3 0.200 254
Sample 27-1 pos shot 3 315 kV¢hg Full Voltage 61.7 0.200 257
Sample 27-1 pos shot 4 315 kKV¢hg Full Voltage 62.4 0.167 260
Sample 27-1 pos shot 5 315 kKV¢hg Full Voltage 59.6 0.167 263
Highest Peak | 62.4

Table 9 — Clause 8.4.2.2.1 - 27 kV Arrester Results — Sample 27-2
Front Time/
Sample No. and Peak | Time to Chop | Record
Impulse Generator Charge Level | Description (kV) (ps) No.
Sample 27-2 neg shot 1 264 KV, Full Voltage -64.9 0.167 197
Sample 27-2 neg shot 2 264 kV 4 Full Voltage -66.4 0.167 200
Sample 27-2 neg shot 3 264 kV 4 Full Voltage -66.4 0.167 203
Sample 27-2 neg shot 4 264 KV, Full Voltage -65.5 0.167 206
Sample 27-2 neg shot 5 264 KV, Full Voltage -64.3 0.200 209
Highest Peak | -66.4
Sample 27-2 pos shot 1 315 kV g Full Voltage 62.2 0.167 252
Sample 27-2 pos shot 2 315 kV g Full Voltage 61.4 0.167 255
Sample 27-2 pos shot 3 315 kV g Full Voltage 64.4 0.200 258
Sample 27.2 pos shot 4 315 kV ¢y, Full Voltage 60.5 0.167 261
Sample 27-2 pos shot 5 315 kV g Full Voltage 62.2 0.167 264
Highest Peak | 64.4
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Table 10 — Clause 8.4.2.2.1 - 27 kV Arrester Results — Sample 27-3
Front Time /
Sample No. and Peak | Time to Chop | Record
Impulse Generator Charge Level | Description (kV) (us) No.
Sample 27-3 neg shot 1 264 KV g Full Voltage -63.6 0.167 198
Sample 27-3 neg shot 2 264 KV g Full Voltage -64.4 0.167 201
Sample 27-3 neg shot 3 264 KV g Full Voltage -64.4 0.200 204
Sample 27-3 neg shot 4 264 KV g Full Voltage -63.7 0.200 207
Sample 27-3 neg shot 5 264 KV g Full Voltage -63.0 0.200 210
Highest Peak | -64.4
Sample 27-3 pos shot 1 315 kV¢hg Full Voltage 63.8 0.167 253
Sample 27-3 pos shot 2 315 kKV¢hg Full Voltage 60.9 0.167 256
Sample 27-3 pos shot 3 315 kV¢hg Full Voltage 58.5 0.200 259
Sample 27-3 pos shot 4 315 kKV¢hg Full Voltage 58.5 0.200 262
Sample 27-3 pos shot 5 315 kV¢hg Full Voltage 64.0 0.200 265
Highest Peak | 64.0

From IEEE C62.11-1995, Clause 8.4.2.2.1, “The maximum arrester voltage recorded during the five
positive and five negative polarity standard lightning impulses shall be compared to the discharge
voltage obtained with the currents in Table 6 (of C62.11). If the classifying current discharge
voltage exceeds the voltage values measured during the impulse test described earlier, the classifying
current discharge voltage is the 1.2/50 impulse protective level, and no further testing is required on
this wave shape. If the voltage measured during the impulse test exceeds the classifying current
discharge voltage, proceed to 8.4.2.2.2 to determine the 1.2/50 impulse protective level.”

A comparison of the results from this test and each sample’s voltage class respective classifying
current discharge voltage is shown in Table 11. According to IEEE Standard 4-1995, Clause 7.5
Tolerances: “If not otherwise specified by the appropriate apparatus standard, the following
differences are accepted between values for the standard impulse and those actually recorded:

a) Peak value +3% ....” IEEE C62.11-2005 does not designate a tolerance for the results in Clause
8.4.2.2.1; therefore, the tolerance from IEEE Standard 4-1995 is used. Since the highest 1.2/50
sparkover voltage measured for each sample did not exceed the classifying current discharge
voltage, within measurement tolerance, the tests described in Clause 8.4.2.2.2 The 1.2/50 Impulse
sparkover test were not necessary.

Table 11 — Clause 8.4.2.2.1 The 1.2/50 Impulse Sparkover Determination Test Results Summary
Classifying Highest 1.2/50
Current Discharge | Sparkover Voltage Meets or Exceeds
Voltage Class Voltage @ 10 KA Measured Classifying Current
(kV) (kV) (kV) Discharge Voltage?
10 25.4 -24.0 Meets
18 47.8 -48.0 Meets, within tolerance
27 68.0 -66.5 Meets

NEETRAC Project No. 10-112, Final Report — September 30, 2010 Page 12 of 47



National Electric Energy Testing, Research & Applications Center

Clause 8.4.2.1.1 Front-of-Wave Impulse Sparkover Determination Test

Three each of the 10 kV, 18 kV, and 27 kV arresters were tested. The rate of rise (slew rate) was
determined by definition 3.54 nominal rate of rise (of an impulse wave front) from IEEE C62.11-

2005 which states that it is the slope of the line that determines the virtual zero.

From IEEE

Standard 4-1995 High Voltage Testing Techniques, the line that determines the virtual zero of an
impulse voltage wave front is drawn through the 30% and 90% points of the impulse peak.
Therefore, the rate of rise for this test was determined by the slope of the line drawn through these
points. Since no tolerance was stated for the rate of rise in IEEE C62.11-2005, a value of £ 5% was
agreed upon. Table 12 contains the parameters for this impulse test.

Table 12 — Clause 8.4.2.1.1 Front-of-Wave Impulse Parameters
Arrester Discharge Voltage at | Minimum Prospective
Nominal Rate of Rise | Classifying Current of 10 KA Impulse Peak
Sample (kV/us) (kV) (kV)
10 kV 83.3 25.4 30.5
18 kV 150.0 47.8 57.4
27 kV 225.0 68.0 81.6

Five impulse applications of each polarity were required. Tables 13 through 22 contain the results of

the front-of-wave impulse sparkover determination test.

The full impulse logs are contained in

Appendix A. The complete front-of-wave spread sheet is contained in Appendix B.
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Table 13 — Sample 27-1 Front-of-Wave Results

27-1 Positive Impulse Front-of-Wave 8.4.2.1.1

Peak Slew Rate
V gen charge - (kV) (kV/us) Record No.
385 63.3 223.6 280
385 63.4 226.8 283
385 63.7 224.2 286
385 63.8 224.2 289
385 63.0 226.0 292
63.8 Highest Peak
27-1 Negative Impulse Front-of-Wave 8.4.2.1.1
Peak Slew Rate
V gen charge (kV) (kV/us) Record No.
-385 -66.7 226.5 308
-385 -64.6 222.6 311
-385 -65.5 226.9 314
-385 -65.3 218.5 317
-385 -64.9 222.9 320
-66.7 Highest Peak

Table 14 — Sample 27-2 Front-of-Wave Results

27-2 Positive Impulse Front-of-Wave 8.4.2.1.1

Peak Slew Rate
V gen charge - (kV) (kV/us) Record No.
385 63.2 225.1 281
385 62.0 222.3 284
385 63.4 222.3 287
385 63.0 224.0 290
385 63.1 222.7 293
63.4 Highest Peak
27-2 Negative Impulse Front-of-Wave 8.4.2.1.1
Peak Slew Rate
V gen charge (kV) (kV/us) Record No.
-385 -64.8 224.0 309
-385 -65.1 225.0 312
-385 -66.9 229.5 315
-385 -65.4 227.7 318
-385 -65.6 224.8 321
-66.9 Highest Peak

Note 1: Total impulse generator charge level is Vgen charge X 10 x 75 kV x 6 stages.
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Table 15 — Sample 27-3 Front-of-Wave Results

27-3 Positive Impulse Front-of-Wave 8.4.2.1.1

Peak Slew Rate
V gen charge - (kV) (kV/us) Record No.
385 63.8 224.9 282
385 62.3 223.3 285
385 63.0 226.4 288
385 63.3 224.4 291
385 62.5 220.0 294
63.8 Highest Peak
27-3 Negative Impulse Front-of-Wave 8.4.2.1.1
Peak Slew Rate
V gen charge (kV) (kV/us) Record No.
-385 -64.9 224.6 307
-385 -65.6 226.1 310
-385 -64.5 221.4 313
-385 -64.9 224.1 316
-385 -65.0 224.0 319
-65.6 Highest Peak

Note 1: Total impulse generator charge level is Vgen charge X 107 x 75 kV x 6 stages.

Table 16 — Sample 18-1 Front-of-Wave Results

18-1 Positive Impulse Front-of-Wave 8.4.2.1.1

Peak Slew Rate
V gen charge (kV) (kV/us) Record No.
355 43.6 147.1 356
355 44.1 148.8 359
355 43.7 149.4 362
355 43.9 148.2 365
355 44.0 148.0 368
44.1 Highest Peak
18-1 Negative Impulse Front-of-Wave 8.4.2.1.1
Peak Slew Rate
V gen charge (kV) (kV/us) Record No.
-355 -48.8 147.1 335
-355 -47.9 146.7 338
-355 -49.1 144.8 341
-355 -46.3 147.7 344
-355 -45.8 147.4 347
-49.1 Highest Peak

Note 2: Total impulse generator charge level is Vgen charge X 107 x 75 kV x 4 stages.
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Table 17 — Sample 18-2 Front-of-Wave Results

18-2 Positive Impulse Front-of-Wave 8.4.2.1.1

Peak Slew Rate
V gen charge (kV) (kV/us) Record No.
355 41.7 148.0 357
355 41.8 147.2 360
355 41.3 148.9 363
355 42.1 148.9 366
355 42.0 146.1 369
355 42.1 Highest Peak
18-2 Negative Impulse Front-of-Wave 8.4.2.1.1
Peak Slew Rate
V gen charge - (kV) (kV/us) Record No.
-355 -47.6 146.8 336
-355 -48.8 147.6 339
-355 -47.7 146.0 342
-355 -47.1 146.1 345
-355 -51.1 145.1 348
-51.1 Highest Peak

Table 18 — Sample 18-3 Front-of-Wave Results

18-3 Positive Impulse Front-of-Wave 8.4.2.1.1

Peak Slew Rate
V gen charge (kV) (kV/us) Record No.
355 42.9 149.1 358
355 43.5 147.7 361
355 44.8 147.3 364
355 42.8 147.9 367
355 42.9 149.2 370
355 44.8 Highest Peak
18-3 Negative Impulse Front-of-Wave 8.4.2.1.1
Peak Slew Rate
V gen charge (kV) (kV/us) Record No.
-355 -47.7 145.8 337
-355 -46.1 147.4 340
-355 -48.3 145.6 343
-355 -46.8 146.7 346
-355 -48.5 144.9 349
-48.5 Highest Peak

Note 2: Total impulse generator charge level is Vgen charge X 10 x 75 kV x 4 stages.
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Table 19 — Sample 10-1 Front-of-Wave Results

10-1 Positive Impulse Front-of-Wave 8.4.2.1.1

Peak Slew Rate
V gen charge (kV) (kV/us) Record No.
340 22.7 83.0 376
340 22.6 82.9 379
340 22.1 82.6 382
340 22.5 81.7 385
340 22.9 83.6 388
22.9 Highest Peak
10-1 Negative Impulse Front-of-Wave 8.4.2.1.1
Peak Slew Rate
V gen charge (kV) (kV/us) Record No.
-340 -23.2 83.6 397
-340 -23.4 82.3 400
-340 -23.2 82.3 403
-340 -22.8 82.9 406
-340 -22.7 84.5 409
-23.4 Highest Peak

Table 20 — Sample 10-2 Front-of-Wave Results

10-2 Positive Impulse Front-of-Wave 8.4.2.1.1

Peak Slew Rate
V gen charge - (kV) (kV/us) Record No.
340 23.3 83.0 377
340 23.5 82.8 380
340 22.9 70.5 (low) 383
340 23.2 83.6 386
340 23.4 83.5 389
340 23.3 85.0 391
23.5 Highest Peak
10-2 Negative Impulse Front-of-Wave 8.4.2.1.1
Peak Slew Rate
V gen charge - (kV) (kV/us) Record No.
-340 -23.6 81.8 398
-340 -23.6 82.9 401
-340 -24.3 81.7 404
-340 -23.6 85.1 407
-340 -24.1 87.7 410
-24.3 Highest Peak

Note 3: Total impulse generator charge level is Vgen charge X 10 x 75 kV x 2 stages.
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Table 21 — Sample 10-3 Front-of-Wave Results
10-3 Positive Impulse Front-of-Wave 8.4.2.1.1
Peak Slew Rate
V gen charge - (kV) (kV/us) Record No.
340 22.9 83.7 378
340 23.1 84.1 381
340 22.5 80.4 384
340 22.7 82.4 387
340 23.0 82.9 390
23.1 Highest Peak
10-3 Negative Impulse Front-of-Wave 8.4.2.1.1
Peak Slew Rate
V gen charge - (kV) (kV/us) Record No.
-340 -23.5 83.0 399
-340 -23.2 83.2 402
-340 -23.7 82.6 405
-340 -23.6 86.1 408
-340 -24.1 85.6 411
-24.1 Highest Peak

Note 3: Total impulse generator charge level is Vgen charge X 107 x 75 kV x 2 stages.

Table 22 below summarizes the highest measured peak value for each voltage class in the

Clause 8.4.2.1.1 Front-of-wave impulse sparkover determination test.

Table 22 — Clause 8.4.2.1.1 Front-of-Wave Impulse Sparkover
Determination Test Results Summary

Highest Measured Peak
Sample Voltage Class (kV)
10 kV -24.3
18 kV -51.1
27 kV -66.9
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CONCLUSIONS

Tests were performed in accordance with IEEE C62.11-2005 Standard for Metal-Oxide Surge
Arresters for AC Power Circuits (> 1 kV) and IEEE Standard 4-1995 Standard Techniques for High-
Voltage Testing. The test program consisted of the following clauses from IEEE C62.11-2005:

1. Clause 8.4.2.2.1 The 1.2/50 impulse sparkover determination test, and
2. Clause 8.4.2.1.1 Front-of-wave impulse sparkover determination test.

The tests outlined in the above clauses of C62.11-2005 are used to establish product ratings and do
not contain pass/fail criteria. Table 23 contains a summary of the results for each test clause.

Table 23 — Arrester Results Summary

er Clause

Voltage Class

84221
1.2/50 Sparkover
Highest Peak (kV)

8.4.2.1.1
Front-of-Wave
Highest Peak (kV)

10 kV -24.0 -24.3
18 kV -48.0 -51.1
27 kV -66.5 -66.9
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EQUIPMENT
1. JMX Impulse Measurement System, CQ2232, cal. due 02/02/2012

2. Hipotronics RVD-300-1 300 kV Impulse Divider, CQ2226, cal. due 04/27/2011
3. Hipotronics RVD-300-2 300 kV Impulse Divider, CQ2227, cal. due 04/27/2011
4. Haefely 600 kV Impulse Generator

REFERENCES

1. IEEE C62.11™-2005 Standard for Metal-Oxide Surge Arresters for AC Power Circuits
(>1kV)

2. |EEE Standard 4™-1995 Standard Techniques for High-Voltage Testing
3. Cooper Evolution arrester published literature dated May, 2009, Document 235-99
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APPENDIX A - Full Impulse Data Log
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Impulse Log Data Sheet Project No. 10-112
NEETRAC - A Center of Georgia Tech
Impulse 2009 V9.0.0.23 | JMX Services, Inc. | 7/2/2010 11:12:53 AM

Temperature - n/fa Barometric Pressure - nfa mmHg Humidity - n/a

Peak TUTr T2/Tc Record Div.
Impulse / Channel Description Pulse Type (kVIKA) (us) (us) Date/Time # Ratio
10KV - open circuit waveform 8.4.2.2.1 Full Voltage -30.5 kV 0.969 53.7 6/23/2010 10:40 89 150.4
10KV - open circuit waveform 8.4.2.2.1 Current Wave -0.03 kA 20.162 18.3 6/23/2010 10:40 89.5 200
Setup sample neg 1 (8.4.2.2.1) 210 chg* Full Voltage -25.54 kV 0.301 64.5 6/23/2010 10:51 93 150.4
Setup sample neg 1 (8.4.2.2.1) 210 chg Current Wave -0.25 kA 0.525 1.2 6/23/2010 10:51 935 200
Setup sample neg 2 - 210 chg Current Wave -0.26 kKA 0.6 1.2 6/23/2010 10:56 94 200
Setup sample neg 2 - 210 chg* Full Voltage -26.01 kV 0.301 64.5 6/23/2010 10:56 94.5 150.4
Setup sample neg 3 - 210 chg* Full Voltage -25.54 kV 0.334 63.9 6/23/2010 11:08 95 150.4
Setup sample neg 3 - 210 chg Current Wave -0.18 KA 0.225 0.6 6/23/2010 11:08 95.5 20
Setup sample 420 chg Current Wave -0.42 kA 0.225 14 6/23/2010 11:14 96 20
Setup sample 420 chg* Full Voltage -24.82 kV 0.2 85 6/23/2010 11:14 96.5 150.4
Setup sample 630 chg - still 2 stages* Full Voltage -22.75 kV 0.167 92.5 6/23/2010 11:22 97 150.4
Setup sample 630 chg - still 2 stages Current Wave -0.64 kKA 0.25 1.9 6/23/2010 11:22 97.5 20
Sample 10-1 neg 630chg 8.4.2.2.1 shot 1* Full Voltage -22.01 kV 0.167 93 6/23/2010 13:08 98 150.4
Sample 10-1 neg 630chg 8.4.2.2.1 shot 1 Current Wave -0.63 kA 0.225 2.2 6/23/2010 13:08 98.5 20
Sample 10-2 neg shot 1 630chg 8.4.2.2.1 Current Wave -0.63 kA 0.25 2.2 6/23/2010 13:18 99 20
Sample 10-2 neg shot 1 630chg 8.4.2.2.1* Full Voltage -22.48 kV 0.167 93 6/23/2010 13:18 99.5 150.4
Sample 10-3 neg shot 1 630chg 8.4.2.2.1* Full Voltage -21.34 kV 0.167 92.6 6/23/2010 13:29 100 150.4
Sample 10-3 neg shot 1 630chg 8.4.2.2.1 Current Wave -0.63 kA 0.225 2.1 6/23/2010 13:29 100.5 20
Sample 10-1 neg shot 2 630chg* Full Voltage -21.19 kV 0.167 93 6/23/2010 13:40 101 150.4
Sample 10-1 neg shot 2 630chg Current Wave -0.63 kKA 0.25 2.2 6/23/2010 13:40 101.5 20
Sample 10-2 neg shot 2 630chg* Full Voltage -24.04 kV 0.134 92.6 6/23/2010 13:50 102 150.4
Sample 10-2 neg shot 2 630chg Current Wave -0.63 KA 0.225 1.9 6/23/2010 13:50 102.5 20
Sample 10-3 neg shot 2 630chg Current Wave -0.63 KA 0.225 2.2 6/23/2010 14:00 103 20
Sample 10-3 neg shot 2 630chg* Full Voltage -21.63 kV 0.134 92.8 6/23/2010 14:00 103.5 150.4
Sample 10-1 neg shot 3 630 chg Current Wave -0.63 kA 0.25 2.2 6/23/2010 14:11 104 20
Sample 10-1 neg shot 3 630 chg* Full Voltage -21.96 kV 0.167 92.1 6/23/2010 14:11 104.5 150.4
Sample 10-2 neg shot 3 630chg* Full Voltage -21.35 kV 0.167 92.3 6/23/2010 14:23 105 150.4
Sample 10-2 neg shot 3 630chg Current Wave -0.63 KA 0.225 2.1 6/23/2010 14:23 105.5 20
Sample 10-3 neg shot 3 630chg* Full Voltage -22.15 kV 0.167 92.2 6/23/2010 14:33 106 150.4
Sample 10-3 neg shot 3 630chg Current Wave -0.63 kKA 0.275 2.2 6/23/2010 14:33 106.5 20
Sample 10-1 neg shot 4 630chg* Full Voltage -21.27 kV 0.134 92.8 6/23/2010 14:46 107 150.4
Sample 10-1 neg shot 4 630chg Current Wave -0.63 kKA 0.225 2.2 6/23/2010 14:46 107.5 20
Sample 10-2 neg shot 4 630chg* Full Voltage -22.39 kV 0.167 92.7 6/23/2010 14:57 108 150.4
Sample 10-2 neg shot 4 630chg Current Wave -0.63 kKA 0.275 2.2 6/23/2010 14:57 108.5 20
Sample 10-3 neg shot 4 630chg* Full Voltage -22.05 kV 0.167 93.1 6/23/2010 15:08 109 150.4
Sample 10-3 neg shot 4 630chg Current Wave -0.64 kKA 0.25 2.1 6/23/2010 15:08 109.5 20
Sample 10-1 neg shot 5 630chg Current Wave -0.63 kKA 0.25 2.2 6/23/2010 15:18 110 20
Sample 10-1 neg shot 5 630chg* Full Voltage -21.50 kV 0.134 91.7 6/23/2010 15:18 110.5 150.4
Sample 10-2 neg shot 5 630chg Current Wave -0.62 KA 0.225 2.2 6/23/2010 15:33 111 20
Sample 10-2 neg shot 5 630chg* Full Voltage -21.14 kV 0.167 92.7 6/23/2010 15:33 1115 150.4
Sample 10-3 neg shot 5 630chg* Full Voltage -22.33kV 0.134 92.6 6/23/2010 15:44 112 150.4
Sample 10-3 neg shot 5 630chg Current Wave -0.63 kKA 0.25 2.2 6/23/2010 15:44 112.5 20
Open circuit neg 630chg Full Voltage -91.6 kV 1.002 53.7 6/23/2010 15:47 113 150.4
Open circuit neg 630chg Current Wave 0.01 kA 0.1 147.7 6/23/2010 15:47 1135 20
Open circuit neg 630chg Full Voltage -91.6 kV 1.002 53.8 6/23/2010 15:47 114 150.4
Open circuit neg 630chg Current Wave 0.02 kA 0.125 147.7 6/23/2010 15:47 1145 20
Open circuit pos 210chg Full Voltage 30.7 kV. 1.002 53.8 6/23/2010 15:52 115 150.4
Open circuit pos 210chg Current Wave 0.01 kKA 185.04 -161.1 6/23/2010 15:52 1155 20
Open circuit pos 210chg Current Wave 0.01 kKA 194 -153 6/23/2010 15:54 116 20
Open circuit pos 210chg Full Voltage 30.5 kV 0.969 53.6 6/23/2010 15:54 116.5 150.4
Open circuit pos 420chg Current Wave 0.01 kA 1 152.4 6/23/2010 15:57 117 20
Open circuit pos 420chg Full Voltage 60.9 kV 1.002 53.9 6/23/2010 15:57 1175 150.4
Open circuit pos 630chg Full Voltage 915 kV 0.969 53.9 6/23/2010 16:01 118 150.4
Open circuit pos 630chg Current Wave -0.02 kA 0.125 0.2 6/23/2010 16:01 1185 20
Open circuit pos 630chg Full Voltage 91.3kV 1.002 54 6/23/2010 16:03 119 150.4
Open circuit pos 630chg Current Wave 0.02 kA 0.675 151.6 6/23/2010 16:03 119.5 20
Sample 10-1 pos shot 1 630chg* Full Voltage 21.88 kV 0.167 94.1 6/23/2010 16:10 120 150.4
Sample 10-1 pos shot 1 630chg Current Wave 0.63 kKA 0.225 2.2 6/23/2010 16:10 120.5 20
Sample 10-2 pos shot 1 630chg* Full Voltage 21.77kV 0.167 93.8 6/23/2010 16:21 121 150.4
Sample 10-2 pos shot 1 630chg Current Wave 0.62 kKA 0.25 2.2 6/23/2010 16:21 1215 20
Sample 10-3 pos shot 1 630chg Current Wave 0.63 kKA 0.25 2.2 6/23/2010 16:32 122 20
Sample 10-3 pos shot 1 630chg* Full Voltage 21.29 kV 0.167 94.2 6/23/2010 16:32 122.5 150.4
warm up Full Voltage 30.8 kV. 1.002 53.2 6/24/2010 8:17 123 150.4
warm up Current Wave 0.01 kKA 184.48 -161.6 6/24/2010 8:17 1235 20
warm up Full Voltage 30.6 kV. 0.969 53.1 6/24/2010 8:18 124 150.4
warm up Current Wave 0.00 KA 20.05 844 6/24/2010 8:18 1245 20
warm up Full Voltage 50.0 kV 0.418 69.4 6/24/2010 8:19 125 150.4
warm up Current Wave 0.02 kKA 0.15 147.8 6/24/2010 8:19 125.5 20
warm up Full Voltage 61.4 kV 1.002 53.9 6/24/2010 8:20 126 150.4
warm up Current Wave -0.02 kA 0.15 0.3 6/24/2010 8:20 126.5 20
warm up Full Voltage 92.3kV 1.002 54 6/24/2010 8:21 127 150.4
warm up Current Wave -0.02 kA 0.125 0.2 6/24/2010 8:21 127.5 20
Sample 10-2 pos shot 2 630chg Current Wave 0.63 kKA 0.225 2.2 6/24/2010 8:35 128 20
Sample 10-2 pos shot 2 630chg* Full Voltage 21.74 kV 0.167 934 6/24/2010 8:35 128.5 150.4
Sample 10-3 pos shot 2 630chg Current Wave 0.64 KA 0.225 2.1 6/24/2010 8:46 129 20
Sample 10-3 pos shot 2 630chg* Full Voltage 21.89 kV 0.134 93.6 6/24/2010 8:46 129.5 150.4
Sample 10-1 pos shot 3 630chg Current Wave 0.63 kKA 0.25 2.2 6/24/2010 8:56 130 20
Sample 10-1 pos shot 3 630chg* Full Voltage 21.26 kV 0.167 94.6 6/24/2010 8:56 130.5 150.4
Sample 10-2 pos shot 3 630chg* Full Voltage 22.07 kV 0.167 93.1 6/24/2010 9:09 131 150.4
Sample 10-2 pos shot 3 630chg Current Wave 0.63 kKA 0.225 2.1 6/24/2010 9:09 131.5 20
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Peak T1Tr T2/Tc Record Div.
Impulse / Channel Description Pulse Type (kVIKA) (us) (us) Date/Time # Ratio
Sample 10-3 pos shot 3 630chg* Full Voltage 21.30 kV 0.134 93.8 6/24/2010 9:22 132 150.4
Sample 10-3 pos shot 3 630chg Current Wave 0.63 kKA 0.25 2.2 6/24/2010 9:22 132.5 20
Sample 10-1 pos shot 4 630chg* Full Voltage 21.83kV 0.167 93.9 6/24/2010 9:34 133 150.4
Sample 10-1 pos shot 4 630chg Current Wave 0.63 kA 0.25 2.2 6/24/2010 9:34 1335 20
Sample 10-2 pos shot 4 630chg* Full Voltage 21.85kV 0.167 93.8 6/24/2010 9:45 134 150.4
Sample 10-2 pos shot 4 630chg Current Wave 0.63 kA 0.25 2.2 6/24/2010 9:45 134.5 20
Sample 10-3 pos shot 4 630chg Current Wave 0.63 kA 0.225 2.2 6/24/2010 9:56 135 20
Sample 10-3 pos shot 4 630chg* Full Voltage 21.94 kV 0.167 93.6 6/24/2010 9:56 135.5 150.4
Sample 10-1 pos shot 5 630 chg* Full Voltage 21.49 kV 0.167 94.3 6/24/2010 10:07 136 150.4
Sample 10-1 pos shot 5 630 chg Current Wave 0.63 kA 0.25 2.2 6/24/2010 10:07 136.5 20
Sample 10-2 pos shot 5 630chg* Full Voltage 21.98 kV 0.167 934 6/24/2010 10:20 137 150.4
Sample 10-2 pos shot 5 630chg Current Wave 0.63 kA 0.25 2.2 6/24/2010 10:20 137.5 20
Sample 10-3 pos shot 5 630chg* Full Voltage 21.42 kV 0.167 94 6/24/2010 10:32 138 150.4
Sample 10-3 pos shot 5 630chg Current Wave 0.63 kA 0.25 2.2 6/24/2010 10:32 138.5 20
Sample 10-1 pos shot 6 630chg* Full Voltage 21.93kV 0.167 93.8 6/24/2010 10:46 139 150.4
Sample 10-1 pos shot 6 630chg Current Wave 0.63 kA 0.25 2.2 6/24/2010 10:46 139.5 20
setup Full Voltage 59.2 kV. 1.136 48.2 6/24/2010 11:11 140 150.4
setup Current Wave 0.01 kA 1.213 153.1 6/24/2010 11:11 140.5 20
setup 208chg Full Voltage 58.5 kV 1.169 48.4 6/24/2010 11:13 141 150.4
setup 208chg Current Wave 0.01 kA 1 152.4 6/24/2010 11:13 1415 20
Setup 205chg Full Voltage 57.5 kV 1.136 48.3 6/24/2010 11:15 142 150.4
setup 205chg Current Wave 0.01 kA 0.725 152.5 6/24/2010 11:15 142.5 20
setup 410chg Full Voltage 115.6 kV. 1.169 48.7 6/24/2010 11:17 143 150.4
setup 410chg Current Wave 0.02 kKA 0.675 10.2 6/24/2010 11:17 143.5 20
Setup 615chg Full Voltage 173.1 kV. 1.136 48.6 6/24/2010 11:21 144 150.4
Setup 615chg Current Wave 0.03 kA 0.875 9.5 6/24/2010 11:21 1445 20
Setup 615chg Full Voltage 173.0 kV. 1.169 48.8 6/24/2010 11:22 145 150.4
Setup 615chg Current Wave -0.01 kA 44.038 107.7 6/24/2010 11:22 1455 20
Sample 18-1 pos shot 1 615chg* Full Voltage 43.78 kV 0.167 70.3 6/24/2010 13:03 146 150.4
Sample 18-1 pos shot 1 615chg Current Wave 1.00 kA 0.25 14 6/24/2010 13:03 146.5 20
Sample 18-2 pos shot 1 615chg* Full Voltage 42.77 kV 0.2 70.3 6/24/2010 13:16 147 150.4
Sample 18-2 pos shot 1 615chg Current Wave 1.00 kA 0.275 14 6/24/2010 13:16 1475 20
Sample 18-3 pos shot 1 615chg Current Wave 1.02 kA 0.25 14 6/24/2010 13:27 148 20
Sample 18-3 pos shot 1 615chg* Full Voltage 42.23 kV 0.167 70.6 6/24/2010 13:27 148.5 150.4
Sample 18-1 pos shot 2 615chg Current Wave 1.00 kA 0.225 14 6/24/2010 13:38 149 20
Sample 18-1 pos shot 2 615chg* Full Voltage 43.36 kV 0.167 69.9 6/24/2010 13:38 149.5 150.4
Sample 18-2 pos shot 2 615chg* Full Voltage 44.61 kV 0.2 70 6/24/2010 13:51 150 150.4
Sample 18-2 pos shot 2 615chg Current Wave 1.00 kA 0.25 14 6/24/2010 13:51 150.5 20
Sample 18-3 pos shot 2 615chg* Full Voltage 41.71 kV 0.167 70.2 6/24/2010 14:03 151 150.4
Sample 18-3 pos shot 2 615chg Current Wave 1.00 kA 0.225 14 6/24/2010 14:03 151.5 20
Sample 18-1 pos shot 3 615chg* Full Voltage 43.55 kV 0.167 69.9 6/24/2010 14:18 152 150.4
Sample 18-1 pos shot 3 615chg Current Wave 1.01 kA 0.225 14 6/24/2010 14:18 152.5 20
Sample 18-2 pos shot 3 615chg* Full Voltage 41.39 kV 0.167 70.4 6/24/2010 14:30 153 150.4
Sample 18-2 pos shot 3 615chg Current Wave 1.00 kA 0.25 14 6/24/2010 14:30 153.5 20
Sample 18-3 pos shot 3 615chg* Full Voltage 42.73 kV 0.2 70.8 6/24/2010 14:42 154 150.4
Sample 18-3 pos shot 3 615chg Current Wave 1.00 kA 0.25 14 6/24/2010 14:42 154.5 20
Sample 18-1 pos shot 4 615chg* Full Voltage 44.85 kV 0.2 69.9 6/24/2010 14:54 155 150.4
Sample 18-1 pos shot 4 615chg Current Wave 1.00 kA 0.25 14 6/24/2010 14:54 155.5 20
Sample 18-2 pos shot 4 615chg* Full Voltage 43.24 kV 0.167 70.9 6/24/2010 15:05 156 1504
Sample 18-2 pos shot 4 615chg Current Wave 1.00 KA 0.25 1.4 6/24/2010 15:05 156.5 20
Sample 18-3 pos shot 4 615chg* Full Voltage 41.80 kV 0.167 70.6 6/24/2010 15:16 157 1504
Sample 18-3 pos shot 4 615chg Current Wave 1.01 KA 0.25 14 6/24/2010 15:16 157.5 20
Sample 18-1 pos shot 5 615chg* Full Voltage 43.10 kV 0.167 69.8 6/24/2010 15:27 158 150.4
Sample 18-1 pos shot 5 615chg Current Wave 1.00 KA 0.225 14 6/24/2010 15:27 158.5 20
Sample 18-2 pos shot 5 615chg* Full Voltage 41.37 kV 0.2 70.6 6/24/2010 15:38 159 150.4
Sample 18-2 pos shot 5 615chg Current Wave 0.99 kKA 0.225 14 6/24/2010 15:38 159.5 20
Sample 18-3 pos shot 5 615chg* Full Voltage 41.60 kV 0.167 70.7 6/24/2010 15:49 160 150.4
Sample 18-3 pos shot 5 615chg Current Wave 1.01 kA 0.25 14 6/24/2010 15:49 160.5 20
Setup 205chg Current Wave -0.02 kA 0.15 2.9 6/24/2010 15:54 161 20
Setup 205chg Full Voltage -57.6 kV 1.169 48.1 6/24/2010 15:54 161.5 1504
Setup 205chg Full Voltage -57.6 kV 1.136 48.1 6/24/2010 15:56 162 1504
Setup 205chg Current Wave 0.01 KA 0.075 -180 6/24/2010 15:56 162.5 20
Setup 410chg Full Voltage -115.2 kV 1.136 48.3 6/24/2010 15:58 163 1504
Setup 410chg Current Wave -0.02 kA 1.15 10.2 6/24/2010 15:58 163.5 20
Setup 615chg Full Voltage -172.7kV 1.136 49.2 6/24/2010 16:01 164 150.4
Setup 615chg Current Wave -0.03 kKA 1.025 10.3 6/24/2010 16:01 164.5 20
Setup 615chg Full Voltage -172.5 kV 1.169 49.3 6/24/2010 16:03 165 150.4
Setup 615chg Current Wave -0.03 kA 0.9 10.3 6/24/2010 16:03 165.5 20
Sample 18-1 neg shot 1 615chg* Full Voltage 44.84 kV 0.2 72.1 6/24/2010 16:08 166 150.4
Sample 18-1 neg shot 1 615chg Current Wave -1.01 KA 0.25 14 6/24/2010 16:08 166.5 20
Sample 18-2 neg shot 1 615chg* Full Voltage -44.76 kV 0.2 49.5 6/24/2010 16:19 167 150.4
Sample 18-2 neg shot 1 615chg Current Wave -1.03 KA 0.225 14 6/24/2010 16:19 167.5 20
Sample 18-3 neg shot 1 615chg* Full Voltage -44.70 kV 0.2 70.4 6/24/2010 16:32 168 1504
Sample 18-3 neg shot 1 615chg Current Wave -1.03 kKA 0.25 14 6/24/2010 16:32 168.5 20
warm up Full Voltage -58.0 kV 1.169 48.1 6/25/2010 8:47 169 1504
warm up Current Wave -0.01 kA 0.7 9.9 6/25/2010 8:47 169.5 20
warm up Full Voltage -58.1 kV 1.136 48 6/25/2010 8:47 170 150.4
warm up Current Wave -0.01 kA 1.15 10.6 6/25/2010 8:47 170.5 20
warm up Full Voltage -116.1 kV 1.169 48.4 6/25/2010 8:48 171 150.4
warm up Current Wave 0.01 kA 52.5 -163.1 6/25/2010 8:48 1715 20
warm up Full Voltage -174.4 kV 1.136 48.6 6/25/2010 8:49 172 150.4
warm up Current Wave -0.03 kA 1.213 10.8 6/25/2010 8:49 172.5 20
Sample 18-1 neg shot 2 615chg* Full Voltage -45.91 kV 0.167 721 6/25/2010 8:51 173 150.4
Sample 18-1 neg shot 2 615chg Current Wave -1.03 KA 0.25 14 6/25/2010 8:51 1735 20
Sample 18-2 neg shot 2 615chg* Full Voltage -46.72 kV 0.167 70.1 6/25/2010 9:02 174 1504
Sample 18-2 neg shot 2 615chg Current Wave -1.04 kKA 0.25 14 6/25/2010 9:02 1745 20
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Peak T1Tr T2/Tc Record Div.
Impulse / Channel Description Pulse Type (kVIKA) (us) (us) Date/Time # Ratio
Sample 18-3 neg shot 2 615chg Current Wave -1.04 KA 0.25 14 6/25/2010 9:14 175 20
Sample 18-3 neg shot 2 615chg* Full Voltage -44.61 kV 0.2 70.8 6/25/2010 9:14 175.5 150.4
Sample 18-1 neg shot 3 615chg* Full Voltage -46.00 kV 0.167 70.3 6/25/2010 9:25 176 1504
Sample 18-1 neg shot 3 615chg Current Wave -1.02 kKA 0.25 14 6/25/2010 9:25 176.5 20
Sample 18-2 neg shot 3 615chg* Full Voltage -44.91 kV 0.2 71.6 6/25/2010 9:36 177 1504
Sample 18-2 neg shot 3 615chg Current Wave -1.04 kKA 0.225 14 6/25/2010 9:36 1775 20
Sample 18-3 neg shot 3 615chg* Full Voltage -44.80 kV 0.167 70.6 6/25/2010 9:47 178 150.4
Sample 18-3 neg shot 3 615chg Current Wave -1.03 kKA 0.25 14 6/25/2010 9:47 178.5 20
Sample 18-1 neg shot 4 615chg* Full Voltage -46.79 kV 0.167 70 6/25/2010 9:58 179 150.4
Sample 18-1 neg shot 4 615chg Current Wave -1.02 kA 0.25 14 6/25/2010 9:58 179.5 20
Sample 18-2 neg shot 4 615chg Current Wave -1.04 kA 0.25 14 6/25/2010 10:08 180 20
Sample 18-2 neg shot 4 615chg* Full Voltage -46.59 kV 0.2 70.2 6/25/2010 10:08 180.5 150.4
Sample 18-3 neg shot 4 615chg Current Wave -1.03 KA 0.25 14 6/25/2010 10:20 181 20
Sample 18-3 neg shot 4 615chg* Full Voltage -45.73 kV 0.167 704 6/25/2010 10:20 181.5 150.4
Sample 18-1 neg shot 5 615chg* Full Voltage -48.01 kV 0.167 70.3 6/25/2010 10:30 182 1504
Sample 18-1 neg shot 5 615chg Current Wave -1.02 kKA 0.25 14 6/25/2010 10:30 1825 20
Sample 18-2 neg shot 5 615chg* Full Voltage -47.35 kV 0.167 69.8 6/25/2010 10:41 183 1504
Sample 18-2 neg shot 5 615chg Current Wave -1.04 kKA 0.25 14 6/25/2010 10:41 183.5 20
Sample 18-3 neg shot 5 615chg* Full Voltage -45.17 kV 0.2 70.7 6/25/2010 10:52 184 150.4
Sample 18-3 neg shot 5 615chg Current Wave -1.03 kKA 0.25 14 6/25/2010 10:52 184.5 20
setup Full Voltage -63.0 kV. 1.202 45.8 6/25/2010 11:14 185 150.4
setup Current Wave -0.01 kA 1 111 6/25/2010 11:14 185.5 20
setup Full Voltage -62.3 kV 1.202 46 6/25/2010 11:17 186 150.4
setup Current Wave -0.01 kKA 0.987 10.8 6/25/2010 11:17 186.5 20
setup 5 stages 225chg Full Voltage -77.9 kV 1.202 44.4 6/25/2010 11:19 187 150.4
setup Current Wave -0.01 kKA 0.9 10.6 6/25/2010 11:19 187.5 20
setup Current Wave -0.01 kKA 1.137 10.6 6/25/2010 11:21 188 20
setup 230chg Full Voltage -79.8 kV 1.169 44.4 6/25/2010 11:21 188.5 1504
Setup 5stages 235chg Full Voltage -81.9 kV 1.202 44.3 6/25/2010 11:23 189 150.4
Setup 5stages 235chg Current Wave -0.01 kA 1.275 114 6/25/2010 11:23 189.5 20
Setup 5stages 235chg Full Voltage -81.3 KV 1.169 44.4 6/25/2010 11:24 190 150.4
Setup 5stages 235chg Current Wave -0.01 kKA 1.275 11.4 6/25/2010 11:24 190.5 20
Setup 5stages 470chg Full Voltage -163.3 KV 1.169 447 6/25/2010 11:28 192 150.4
Setup 5stages 470chg Current Wave -0.03 kA 1.225 11.2 6/25/2010 11:28 192.5 20
Setup 5stages 705chg Full Voltage -244.6 kV 1.169 45 6/25/2010 11:31 193 150.4
Setup 5stages 705chg Current Wave -0.04 kKA 1.025 10.5 6/25/2010 11:31 193.5 20
warm up Current Wave 0.01 kKA 186.7 -159.6 6/25/2010 12:57 194 20
warm up Full Voltage -104.5 kV 1.169 44.8 6/25/2010 12:57 194.5 150.4
warm up Current Wave -0.04 kKA 1.15 10.7 6/25/2010 12:58 195 20
warm up Full Voltage -244.7 kV 1.169 45.3 6/25/2010 12:58 195.5 150.4
Sample 27-1 neg shot 1 705chg* Full Voltage -63.22 kV 0.2 64.1 6/25/2010 13:02 196 150.4
Sample 27-1 neg shot 1 705chg Current Wave -1.40 kKA 0.225 13 6/25/2010 13:02 196.5 20
Sample 27-2 neg shot 1 705chg* Full Voltage -64.92 kV 0.167 61.9 6/25/2010 13:13 197 150.4
Sample 27-2 neg shot 1 705chg Current Wave -1.42 kKA 0.25 13 6/25/2010 13:13 197.5 20
Sample 27-3 neg shot 1 705chg* Full Voltage -63.64 kV 0.167 62.1 6/25/2010 13:24 198 150.4
Sample 27-3 neg shot 1 705chg Current Wave -1.41 kA 0.25 14 6/25/2010 13:24 198.5 20
Sample 27-1 neg shot 2 705chg* Full Voltage -64.22 kV 0.167 62 6/25/2010 13:35 199 150.4
Sample 27-1 neg shot 2 705chg Current Wave -1.40 kKA 0.25 14 6/25/2010 13:35 199.5 20
Sample 27-2 neg shot 2 705chg* Full Voltage -66.41 kV 0.167 63.9 6/25/2010 13:46 200 150.4
Sample 27-2 neg shot 2 705chg Current Wave -1.42 kKA 0.25 13 6/25/2010 13:46 200.5 20
Sample 27-3 neg shot 2 705chg* Full Voltage -64.39 kV 0.167 61.9 6/25/2010 13:57 201 150.4
Sample 27-3 neg shot 2 705chg Current Wave -1.41 kA 0.25 14 6/25/2010 13:57 201.5 20
Sample 27-1 neg shot 3 705chg* Full Voltage -64.60 kV 0.167 63 6/25/2010 14:09 202 150.4
Sample 27-1 neg shot 3 705chg Current Wave -1.40 kKA 0.25 14 6/25/2010 14:09 202.5 20
Sample 27-2 neg shot 3 705chg* Full Voltage -66.35 kV 0.167 62 6/25/2010 14:22 203 150.4
Sample 27-2 neg shot 3 705chg Current Wave -1.42 kKA 0.25 13 6/25/2010 14:22 203.5 20
Sample 27-3 neg shot 3 705chg* Full Voltage -64.40 kV 0.2 61.8 6/25/2010 14:33 204 150.4
Sample 27-3 neg shot 3 705chg Current Wave -1.44 kKA 0.25 1.1 6/25/2010 14:33 204.5 20
Sample 27-1 neg shot 4 705chg* Full Voltage -66.46 kV 0.167 61.7 6/25/2010 14:44 205 150.4
Sample 27-1 neg shot 4 705chg Current Wave -1.42 kKA 0.25 13 6/25/2010 14:44 205.5 20
Sample 27-2 neg shot 4 705chg* Full Voltage -65.53 kV 0.167 61.7 6/25/2010 14:55 206 150.4
Sample 27-2 neg shot 4 705chg Current Wave -1.41 kA 0.25 13 6/25/2010 14:55 206.5 20
Sample 27-3 neg shot 4 705chg Current Wave -1.41 kA 0.25 14 6/25/2010 15:06 207 20
Sample 27-3 neg shot 4 705chg* Full Voltage -63.69 kV 0.2 61.8 6/25/2010 15:06 207.5 150.4
Sample 27-1 neg shot 5 705chg Current Wave -1.39 kKA 0.25 14 6/25/2010 15:17 208 20
Sample 27-1 neg shot 5 705chg* Full Voltage -64.56 kV 0.167 62 6/25/2010 15:17 208.5 150.4
Sample 27-2 neg shot 5 705chg* Full Voltage -64.29 kV 0.2 63.7 6/25/2010 15:28 209 150.4
Sample 27-2 neg shot 5 705chg Current Wave -1.43 kA 0.25 1 6/25/2010 15:28 209.5 20
Sample 27-3 neg shot 5 705chg* Full Voltage -62.99 kV 0.2 61.8 6/25/2010 15:39 210 150.4
Sample 27-3 neg shot 5 705chg Current Wave -1.44 kKA 0.25 1.1 6/25/2010 15:39 210.5 20
Warm up 6 stages 250chg Full Voltage 103.2 kV 1.202 42 6/28/2010 11:13 242 150.4
Warm up 6 stages 250chg Current Wave 0.02 kA 20.75 170.2 6/28/2010 11:13 2425 20
Warm up 6 stages pos 250chg Full Voltage 102.9 kV 1.169 41.9 6/28/2010 11:15 243 150.4
Warm up 6 stages pos 250chg Current Wave -0.01 kA 19.15 67.8 6/28/2010 11:15 2435 20
Warm up 6 stages pos 500chg Full Voltage 206.0 kV 1.202 423 6/28/2010 11:18 244 150.4
Warm up 6 stages pos 500chg Current Wave 0.09 kA 0.15 0.3 6/28/2010 11:18 244.5 20
Warm up 6 stages pos 500chg Full Voltage 206.2 kV 1.202 423 6/28/2010 11:20 245 150.4
Warm up 6 stages pos 500chg Current Wave 0.09 kA 0.15 0.3 6/28/2010 11:20 245.5 20
Misfired Tail Chopped 287.0 kV 1.202 3.57 6/28/2010 11:22 246 150.4
Misfired Current Wave 2.99 kKA 0.225 0.4 6/28/2010 11:22 246.5 20
Warm up 6 stages pos 700chg Full Voltage 288.1 kV 1.169 425 6/28/2010 11:27 247 150.4
Warm up 6 stages pos 700chg Current Wave 0.07 kA 0.125 2.7 6/28/2010 11:27 2475 20
Warm up 6 stages pos 700chg Full Voltage 288.2 kV 1.202 425 6/28/2010 11:29 248 150.4
Warm up 6 stages pos 700chg Current Wave -0.04 kKA 0.125 40.6 6/28/2010 11:29 248.5 20
Setup sample 27kV pos 700chg* Full Voltage 63.96 kV 0.167 57.7 6/28/2010 11:33 249 150.4
Setup sample 27kV pos 700chg Current Wave 1.55 KA 0.275 14 6/28/2010 11:33 249.5 20
warm up 6 stages 350chg Full Voltage 143.8 kV 1.202 42.2 6/28/2010 12:54 250 150.4
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warm up 6 stages 350chg Current Wave -0.07 kA 0.05 0.1 6/28/2010 12:54 250.5 20
Sample 27-1 pos 6stages shot 1 700chg* Full Voltage 59.05 kV 0.2 58 6/28/2010 12:57 251 150.4
Sample 27-1 pos 6stages shot 1 700chg Current Wave 1.58 kKA 0.25 14 6/28/2010 12:57 251.5 20
Sample 27-2 pos shot 1 700chg Current Wave 1.56 kKA 0.25 14 6/28/2010 13:07 252 20
Sample 27-2 pos shot 1 700chg* Full Voltage 62.24 kV 0.167 58 6/28/2010 13:07 252.5 150.4
Sample 27-3 pos shot 1 700chg* Full Voltage 63.77 kV 0.167 57.6 6/28/2010 13:19 253 150.4
Sample 27-3 pos shot 1 700chg Current Wave 158 kKA 0.275 14 6/28/2010 13:19 253.5 20
Sample 27-1 pos shot 2 700chg* Full Voltage 61.32 kV 0.2 57.8 6/28/2010 13:30 254 150.4
Sample 27-1 pos shot 2 700chg Current Wave 158 kKA 0.25 14 6/28/2010 13:30 254.5 20
Sample 27-2 pos shot 2 700chg* Full Voltage 61.40 kV 0.167 57.8 6/28/2010 13:41 255 150.4
Sample 27-2 pos shot 2 700chg Current Wave 155 kA 0.275 14 6/28/2010 13:41 255.5 20
Sample 27-3 pos shot 2 700chg* Full Voltage 60.90 kV 0.167 57.6 6/28/2010 13:51 256 1504
Sample 27-3 pos shot 2 700chg Current Wave 1.60 kKA 0.275 14 6/28/2010 13:51 256.5 20
Sample 27-1 pos shot 3 700chg* Full Voltage 61.72 kV 0.2 57.6 6/28/2010 14:01 257 150.4
Sample 27-1 pos shot 3 700chg Current Wave 158 kKA 0.25 14 6/28/2010 14:01 2575 20
Sample 27-2 pos shot 3 700chg* Full Voltage 64.35 kV 0.2 43.7 6/28/2010 14:12 258 150.4
Sample 27-2 pos shot 3 700chg Current Wave 157 kA 0.275 14 6/28/2010 14:12 258.5 20
Sample 27-3 pos shot 3 700chg* Full Voltage 58.54 kV 0.2 575 6/28/2010 14:23 259 150.4
Sample 27-3 pos shot 3 700chg Current Wave 1.59 kA 0.25 14 6/28/2010 14:23 259.5 20
Sample 27-1 pos shot 4 700chg* Full Voltage 62.41 kV 0.167 57.9 6/28/2010 14:35 260 150.4
Sample 27-1 pos shot 4 700chg Current Wave 157 kA 0.275 14 6/28/2010 14:35 260.5 20
Sample 27-2 pos shot 4 700chg* Full Voltage 60.50 kV 0.167 57.9 6/28/2010 14:48 261 150.4
Sample 27-2 pos shot 4 700chg Current Wave 1.60 kKA 0.25 14 6/28/2010 14:48 261.5 20
Sample 27-3 pos shot 4 700chg* Full Voltage 58.50 kV 0.2 57.6 6/28/2010 15:00 262 1504
Sample 27-3 pos shot 4 700chg Current Wave 157 kA 0.25 14 6/28/2010 15:00 262.5 20
Sample 27-1 pos shot 5 700chg* Full Voltage 59.55 kV 0.167 57.5 6/28/2010 15:10 263 1504
Sample 27-1 pos shot 5 700chg Current Wave 161 kA 0.25 14 6/28/2010 15:10 263.5 20
Sample 27-2 pos shot 5 700chg* Full Voltage 62.25 kV 0.167 57.6 6/28/2010 15:21 264 150.4
Sample 27-2 pos shot 5 700chg Current Wave 159 kKA 0.275 14 6/28/2010 15:21 264.5 20
Sample 27-3 pos shot 5 700chg Current Wave 1.59 kA 0.25 14 6/28/2010 15:33 265 20
Sample 27-3 pos shot 5 700chg* Full Voltage 63.96 kV 0.2 57.5 6/28/2010 15:33 265.5 1504
Warm up 6stages 250chg 8.4.2.1.1 FOW Full Voltage 145.2kV 1.169 41.9 6/29/2010 8:46 270 150.4
Warm up 6stages 250chg Current Wave 0.03 kA 0.625 151.7 6/29/2010 8:46 270.5 20
Warm up 6stages 250chg Full Voltage 144.8 KV 1.202 41.8 6/29/2010 8:47 271 150.4
Warm up 6stages 250chg Current Wave -0.07 kA 0.125 0.3 6/29/2010 8:47 2715 20
Warm up 6stages 318chg Full Voltage 131.4 kV. 1.169 42.2 6/29/2010 8:49 272 150.4
Warm up 6stages 318chg Current Wave -0.02 kA 16.363 14.8 6/29/2010 8:49 2725 20
Setup 27KV pos 318chg 187.0slew™ Full Voltage 63.20 kV 0.267 514 6/29/2010 9:00 273 150.4
Setup 27kV pos 318chg 187.0slew Current Wave 0.71 kA 0.25 07 6/29/2010 9:00 2735 20
Setup 27KV pos 330chg 196.0slew™ Full Voltage 62.80 kV 0.234 51.2 6/29/2010 9:06 274 1504
Setup 27KV pos 350chg 208.2slew™ Full Voltage 63.10 kV 0.234 52 6/29/2010 9:10 275 1504
Setup 27kV pos 370chg 217 .4slew* Full Voltage 64.80 kV 0.234 522 6/29/2010 9:15 276 150.4
Setup 27KV pos 375chg 219.8slew™ Full Voltage 62.30 kV 0.2 522 6/29/2010 9:19 277 150.4
Setup 27KV pos 380chg 218.4slew™ Full Voltage 63.00 kV 0.234 514 6/29/2010 9:24 278 150.4
Setup 27KV pos 390chg 229.4slew™ Full Voltage 64.23 kV 0.234 52.6 6/29/2010 9:27 279 150.4
Sample 27-1 pos shot 1 385chg 223.6slew* Full Voltage 63.3kV 0.234 52 6/29/2010 9:35 280 1504
Sample 27-2 pos shot 1 385chg 225.1slew* Full Voltage 63.2kV 0.234 53 6/29/2010 9:46 281 1504
Sample 27-3 pos shot 1 385chg 224 9slew* Full Voltage 63.8 kV. 0.2 53.7 6/29/2010 9:57 282 1504
Sample 27-1 pos shot 2 385chg 226.8slew* Full Voltage 63.4 kV 0.2 52.6 6/29/2010 10:09 283 1504
Sample 27-2 pos shot 2 385chg 222 .3slew* Full Voltage 62.0 kV. 0.2 52.7 6/29/2010 10:19 284 150.4
Sample 27-3 pos shot 2 385chg 223.3slew* Full Voltage 62.3 kV 0.2 53.2 6/29/2010 10:30 285 1504
Sample 27-1 pos shot 3 385chg 224.2slew* Full Voltage 63.7 kV. 0.234 52.6 6/29/2010 10:43 286 150.4
Sample 27-2 pos shot 3 385chg 222 .3slew* Full Voltage 63.4 kV. 0.2 53.9 6/29/2010 10:54 287 1504
Sample 27-3 pos shot 3 385chg 226.4slew* Full Voltage 63.0 kV 0.2 52.7 6/29/2010 11:05 288 1504
Sample 27-1 pos shot 4 385chg 224.2slew* Full Voltage 63.8 kV. 0.2 524 6/29/2010 11:15 289 150.4
Sample 27-2 pos shot 4 385chg 224.0slew* Full Voltage 63.0 kV. 0.234 519 6/29/2010 11:26 290 150.4
Sample 27-3 pos shot 4 385chg 224 4slew* Full Voltage 63.3kV 0.2 524 6/29/2010 11:37 291 150.4
Sample 27-1 pos shot 5 385chg 226.0slew* Full Voltage 63.0 kV. 0.2 53.3 6/29/2010 11:47 292 1504
Sample 27-2 pos shot 5 385chg 222.7slew* Full Voltage 63.1kV 0.2 523 6/29/2010 11:58 293 150.4
Sample 27-3 pos shot 5 385chg 220.0slew* Full Voltage 62.5 kV. 0.2 524 6/29/2010 12:09 294 1504
Sample 27-1 neg shot 1 385chg 156.7slew - Low™* Full Voltage -65.0 kV. 0.234 512 6/29/2010 13:54 302 150.4
Sample 27-2 neg shot 1 385chg 174.0slew - Low* Full Voltage -63.7 kV 0.2 52 6/29/2010 14:05 303 150.4
Setup sample 27kV 420chg 244 9slew* Full Voltage -65.23 kV 0.2 55.4 6/29/2010 14:13 304 150.4
Setup sample 27kV 400chg 238.2slew* Full Voltage -68.5 kV 0.2 517 6/29/2010 14:18 305 150.4
Setup sample 27kV 385chg 226.8slew* Full Voltage -72.37kV 0.234 49.2 6/29/2010 14:23 306 150.4
Sample 27-3 neg shot 1 385chg 224.6slew* Full Voltage -64.9 kV 0.2 55.4 6/29/2010 14:29 307 150.4
Sample 27-1 neg shot 2 385chg 226.5slew* Full Voltage -66.7 kV. 0.234 511 6/29/2010 14:40 308 150.4
Sample 27-2 neg shot 2 385chg 224.0slew* Full Voltage -64.8 kV 0.234 512 6/29/2010 14:50 309 150.4
Sample 27-3 neg shot 2 385chg 226.1slew* Full Voltage -65.6 KV 0.2 51.6 6/29/2010 14:56 310 1504
Sample 27-1 neg shot 3 385chg 222.6slew* Full Voltage -64.6 kV. 0.234 512 6/29/2010 15:02 311 150.4
Sample 27-2 neg shot 3 385chg 225.0slew* Full Voltage -65.1 kV 0.2 514 6/29/2010 15:08 312 150.4
Sample 27-3 neg shot 3 385chg 221 .4slew* Full Voltage -64.5 kV 0.2 514 6/29/2010 15:13 313 150.4
Sample 27-1 neg shot 4 385chg 226.9slew* Full Voltage -65.5 kV. 0.234 519 6/29/2010 15:19 314 150.4
Sample 27-2 neg shot 4 385chg 229.5slew* Full Voltage -66.9 kV 0.234 50.7 6/29/2010 15:25 315 1504
Sample 27-3 neg shot 4 385chg 224.1slew* Full Voltage -64.9 kV 0.234 512 6/29/2010 15:31 316 150.4
Sample 27-1 neg shot 5 385chg 218.5slew* Full Voltage -65.3 kV 0.2 55.1 6/29/2010 15:36 317 1504
Sample 27-2 neg shot 5 385chg 227.7slew* Full Voltage -65.4 kV 0.2 515 6/29/2010 15:42 318 150.4
Sample 27-3 neg shot 5 385chg 224.0slew* Full Voltage -65.0 kV. 0.2 514 6/29/2010 15:48 319 150.4
Sample 27-1 neg shot 6 385chg 222.9slew* Full Voltage -64.9 kV 0.2 512 6/29/2010 15:54 320 150.4
Sample 27-2 neg shot 6 385chg 224.8slew* Full Voltage -65.6 KV 0.2 516 6/29/2010 15:59 321 150.4
Setup 18kV neg 300chg 125.6slew Full Voltage -32.3kV. 0.267 60.6 6/29/2010 16:20 150.4
warm up Full Voltage -325kV 0.234 61.9 6/29/2010 16:24 150.4
Setup 18KV neg 355chg 154.2slew* Full Voltage -49.1 kV 0.234 63.5 6/29/2010 16:31 150.4
Setup 18KV neg 350chg 149.5slew* Full Voltage -49.3kV 0.234 62.2 6/29/2010 16:35 327 150.4
warm up Setup sample 250chg Full Voltage -31.9 kV 0.334 58.6 6/30/2010 8:23 150.4
warm up Setup sample 250chg Full Voltage -31.8 kV. 0.301 58.7 6/30/2010 8:24 150.4
warm up Setup sample 250chg Full Voltage -33.5 kV 0.334 55.1 6/30/2010 8:25 150.4
warm up setup sample 350chg Full Voltage -32.6 kV. 0.234 61.9 6/30/2010 8:26 150.4
warm up setup sample 350chg 144.7slew Full Voltage -32.0 kV 0.234 63.3 6/30/2010 8:27 150.4
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warm up Setup sample 350chg 144.3slew* Full Voltage -47.5 kV 0.234 63.2 6/30/2010 8:30 150.4
warm up Setup sample 355chg 148.0slew* Full Voltage -47.4kV 0.234 62 6/30/2010 8:34 1504
Sample 18-1 neg shot 1 355chg 147.1slew* Full Voltage -48.8 kV 0.234 62.6 6/30/2010 8:41 335 150.4
Sample 18-2 neg shot 1 355chg 146.8slew* Full Voltage -47.6 KV 0.234 62.1 6/30/2010 8:47 336 150.4
Sample 18-3 neg shot 1 355chg 145.8slew* Full Voltage -47.7 kV. 0.234 63.1 6/30/2010 8:53 337 150.4
Sample 18-1 neg shot 2 355chg 146.7slew* Full Voltage -47.9kV 0.234 61.9 6/30/2010 8:58 338 1504
Sample 18-2 neg shot 2 355chg 147.6slew* Full Voltage -48.8 kV 0.234 61.8 6/30/2010 9:04 339 1504
Sample 18-3 neg shot 2 355chg 147.4slew* Full Voltage -46.1 kV. 0.234 62.8 6/30/2010 9:09 340 150.4
Sample 18-1 neg shot 3 355chg 144.8slew* Full Voltage -49.1 kV 0.234 61.8 6/30/2010 9:15 341 150.4
Sample 18-2 neg shot 3 355chg 146.0slew* Full Voltage -47.7 kV 0.234 62.9 6/30/2010 9:20 342 150.4
Sample 18-3 neg shot 3 355chg 145.6slew* Full Voltage -48.3 kV 0.234 61.7 6/30/2010 9:26 343 150.4
Sample 18-1 neg shot 4 355chg 147.7slew* Full Voltage -46.3 kV. 0.234 62.2 6/30/2010 9:32 344 150.4
Sample 18-2 neg shot 4 355chg 146.1slew* Full Voltage -47.1kV 0.234 61.3 6/30/2010 9:38 345 150.4
Sample 18-3 neg shot 4 355chg 146.7slew* Full Voltage -46.8 kV. 0.234 64.6 6/30/2010 9:44 346 150.4
Sample 18-1 neg shot 5 355chg 147.4slew* Full Voltage -45.8 kV 0.234 63.3 6/30/2010 9:50 347 150.4
Sample 18-2 neg shot 5 355chg 145.1slew* Full Voltage -51.1kV 0.234 61.9 6/30/2010 9:56 348 150.4
Sample 18-3 neg shot 5 355chg 144.9slew* Full Voltage -48.5 kV 0.234 63 6/30/2010 10:01 349 150.4
warm up 250chg Full Voltage 32.1kV 0.301 57.2 6/30/2010 10:25 150.4
warm up 250chg Full Voltage 32.1kV 0.334 57.2 6/30/2010 10:26 150.4
warm up 250chg Full Voltage 32.5kV 0.334 57.4 6/30/2010 10:27 150.4
warm up 355chg Full Voltage 31.3kV 0.234 64.9 6/30/2010 10:28 150.4
Setup sample 18kV pos 355chg 147.1slew™ Full Voltage 45.74 kV 0.234 62.9 6/30/2010 10:29 150.4
Setup sample 18kV pos 355chg 146.8slew™ Full Voltage 45.63 kV 0.234 63.3 6/30/2010 10:32 150.4
Sample 18-1 pos shot 1 355chg 147.1slew* Full Voltage 43.6 kV 0.234 63.8 6/30/2010 10:38 356 1504
Sample 18-2 pos shot 1 355chg 148.0slew* Full Voltage 41.7 kV 0.234 64.5 6/30/2010 10:43 357 150.4
Sample 18-3 pos shot 1 355chg 149.1slew* Full Voltage 42.9 kV 0.234 64.2 6/30/2010 10:49 358 150.4
Sample 18-1 pos shot 2 355chg 148.8slew™ Full Voltage 44.1kV 0.234 65.1 6/30/2010 10:57 359 150.4
Sample 18-2 pos shot 2 355chg 147.2slew* Full Voltage 41.8 kV 0.234 65.5 6/30/2010 11:02 360 150.4
Sample 18-3 pos shot 2 355chg 147.7slew* Full Voltage 43.5 kV 0.234 64.1 6/30/2010 11:08 361 150.4
Sample 18-1 pos shot 3 355chg 149.4slew* Full Voltage 43.7kV 0.234 63.8 6/30/2010 11:16 362 150.4
Sample 18-2 pos shot 3 355chg 148.9slew* Full Voltage 41.3kV 0.234 64.1 6/30/2010 11:22 363 150.4
Sample 18-3 pos shot 3 355chg 147.3slew* Full Voltage 44.8 kV 0.234 63.6 6/30/2010 11:28 364 150.4
Sample 18-1 pos shot 4 355chg 148.2slew™* Full Voltage 43.9 kv 0.234 64.8 6/30/2010 11:34 365 150.4
Sample 18-2 pos shot 4 355chg 148.9slew* Full Voltage 42.1kV 0.234 64.2 6/30/2010 11:39 366 150.4
Sample 18-3 pos shot 4 355chg 147.9slew* Full Voltage 42.8 kV 0.234 63.8 6/30/2010 11:45 367 150.4
Sample 18-1 pos shot 5 355chg 148.0slew* Full Voltage 44.0 kV 0.234 63.9 6/30/2010 11:51 368 150.4
Sample 18-2 pos shot 5 355chg 146.1slew* Full Voltage 42.0 kV 0.234 63.1 6/30/2010 11:56 369 150.4
Sample 18-3 pos shot 5 355chg 149.2slew* Full Voltage 42.9 kV 0.2 63.6 6/30/2010 12:02 370 150.4
warm up 300chg Full Voltage 159 kV 0.234 76.6 6/30/2010 13:32 150.4
warm up 300chg Full Voltage 16.2kV 0.234 75.8 6/30/2010 13:33 150.4
Setup 10kV 300chg 74.2slew™ Full Voltage 25.3kV 0.234 754 6/30/2010 13:33 150.4
Setup 10kV 330chg 81.6slew™ Full Voltage 24.4kV 0.2 78.8 6/30/2010 13:37 150.4
Setup 10kV 2stages 340chg 83.8slew™ Full Voltage 25.0kV 0.2 79.7 6/30/2010 13:40 375 150.4
Sample 10-1 pos shot 1 340chg 83.0slew* Full Voltage 22.7kV 0.2 81.3 6/30/2010 13:54 376 150.4
Sample 10-2 pos shot 1 340chg 83.0slew* Full Voltage 23.3kV 0.234 80.2 6/30/2010 14:00 377 150.4
Sample 10-3 pos shot 1 340chg 83.7slew* Full Voltage 22.9 kV 0.2 81 6/30/2010 14:08 378 150.4
Sample 10-1 pos shot 2 340chg 82.9slew* Full Voltage 22.6 kV 0.2 81.4 6/30/2010 14:15 379 150.4
Sample 10-2 pos shot 2 340chg 82.8slew* Full Voltage 23.5kV 0.2 80.3 6/30/2010 14:20 380 150.4
Sample 10-3 pos shot 2 340chg 84.1slew* Full Voltage 23.1kV 0.2 80.5 6/30/2010 14:26 381 150.4
Sample 10-1 pos shot 3 340chg 82.6slew* Full Voltage 22.1kV 0.2 81.6 6/30/2010 14:31 382 150.4
Sample 10-2 pos shot 3 340chg 70.5slew Low* Full Voltage 22.9kV 0.234 80 6/30/2010 14:37 383 150.4
Sample 10-3 pos shot 3 340chg 80.4slew* Full Voltage 22.5kV 0.2 81.1 6/30/2010 14:45 384 150.4
Sample 10-1 pos shot 4 340chg 81.7slew* Full Voltage 22.5kV 0.2 81.4 6/30/2010 14:51 385 150.4
Sample 10-2 pos shot 4 340chg 83.6slew* Full Voltage 23.2kV 0.2 80.5 6/30/2010 14:57 386 150.4
Sample 10-3 pos shot 4 340chg 82.4slew* Full Voltage 22.7kV 0.2 80.7 6/30/2010 15:03 387 150.4
Sample 10-1 pos shot 5 340chg 83.6slew* Full Voltage 22.9 kV 0.2 80.6 6/30/2010 15:08 388 150.4
Sample 10-2 pos shot 5 340chg 83.5slew* Full Voltage 23.4kV 0.2 80.2 6/30/2010 15:14 389 150.4
Sample 10-3 pos shot 5 340chg 82.9slew* Full Voltage 23.0 kV 0.234 81.2 6/30/2010 15:19 390 150.4
Sample 10-2 pos shot 6 340chg 85.0slew* Full Voltage 23.3kV 0.2 81.1 6/30/2010 15:30 391 150.4
warm up 10kV 250chg Full Voltage -16.2 kV 0.267 721 6/30/2010 15:45 150.4
warm up 10kV 250chg Full Voltage -16.9 kV 0.267 68.6 6/30/2010 15:46 1504
warm up 10kV 250chg Full Voltage -16.8 kV 0.267 68.9 6/30/2010 15:47 150.4
warm up 10kV neg 340chg Full Voltage -16.2kV 0.2 78.7 6/30/2010 15:49 150.4
Setup sample 10kV neg 340chg 84.0slew* Full Voltage -26.15 kV 0.234 78.1 6/30/2010 15:49 150.4
Sample 10-1 neg shot 1 340chg 83.6slew™ Full Voltage -23.2kV 0.2 80.8 6/30/2010 15:55 397 150.4
Sample 10-2 neg shot 1 340chg 81.8slew* Full Voltage -23.6 kV 0.2 80.9 6/30/2010 16:00 398 1504
Sample 10-3 neg shot 1 340chg 83.0slew* Full Voltage -23.5 kV 0.234 81.2 6/30/2010 16:06 399 150.4
Sample 10-1 neg shot 2 340chg 82.3slew* Full Voltage -23.4 kV 0.2 81 6/30/2010 16:11 400 150.4
Sample 10-2 neg shot 2 340chg 82.9slew* Full Voltage -23.6 kV. 0.234 80.6 6/30/2010 16:17 401 150.4
Sample 10-3 neg shot 2 340chg 83.2slew™ Full Voltage -23.2kV 0.234 81 6/30/2010 16:22 402 150.4
Sample 10-1 neg shot 3 340chg 82.3slew* Full Voltage -23.2kV. 0.2 81.2 6/30/2010 16:28 403 150.4
Sample 10-2 neg shot 3 340chg 81.7slew* Full Voltage -24.3kV 0.2 79.6 6/30/2010 16:33 404 150.4
Sample 10-3 neg shot 3 340chg 82.6slew™ Full Voltage -23.7kV 0.2 80.5 6/30/2010 16:39 405 150.4
Sample 10-1 neg shot 4 340chg 82.9slew* Full Voltage -22.8 kV 0.2 80.7 6/30/2010 16:45 406 150.4
Sample 10-2 neg shot 4 340chg 85.1slew* Full Voltage -23.6 kV. 0.2 80.9 6/30/2010 16:51 407 150.4
Sample 10-3 neg shot 4 340chg 86.1slew™ Full Voltage -23.6 kV. 0.2 81.8 6/30/2010 16:57 408 150.4
Sample 10-1 neg shot 5 340chg 84.5slew™ Full Voltage -22.7kV 0.2 82.1 6/30/2010 17:02 409 150.4
Sample 10-2 neg shot 5 340chg 87.7slew* Full Voltage -24.1kV 0.2 80.7 6/30/2010 17:07 410 150.4
Sample 10-3 neg shot 5 340chg 85.6slew™ Full Voltage -24.1kV 0.2 80.9 6/30/2010 17:13 411 150.4
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APPENDIX B - Front-of-Wave Spreadsheet

NEETRAC Project No. 10-112, Final Report — September 30, 2010 Page 27 of 47



National Electric Energy Testing, Research & Applications Center

Project No. 10-112
Cooper Arresters - Front of Wave Test

Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew
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27-1
Positive

385

63.3

18.98
56.93

27-2
Positive

385

63.2

18.97
56.91

27-3
Positive

385

63.8

19.13
57.38

27-1
Positive

385

63.4

19.02
57.06

27-2
Positive

385

62.0

18.59
55.78

kV
kV
kV
kV/us

kV
kV
kV
kV/us

kV
kv
kv
kV/us

kV
kV
kV
kV/us

kV
kV
kV
kV/us

06-29-2010
280

@ -0.08115

@ 0.08858
281

@ -0.07764

@ 0.09092
282

@ -0.07757

@ 0.09251
283

@ -0.09734

@ 0.07039
284

@ -0.1023

@ 0.06499

us
us

us
us

us
us

us
us

us
us

AV = 37.95
At=0.16973
AV = 37.938
At= 0.16856
AV = 38.256
At=0.17008
AV = 38.04
At= 0.16773
AV = 37.188
At= 0.16729
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Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew
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27-3
Positive

385

62.3

18.69
56.07

27-1
Positive

385

63.7

19.12
57.37

27-2
Positive
385
63.4
19.01
57.02

27-3
Positive
385
63.0
18.90
56.71

27-1
Positive
385
63.8
19.14
57.43

kV
kV
kV
kV/us

kV
kv
kV
kV/us

kV
kV
kV
kV/us

kV
kV
kV
kV/us

kV
kv
kv
kV/us

@®

@®

@®

@®

@®

285

286

287

288

289

-0.101

0.06637

-0.09421

0.07637

-0.07917

0.0918

-0.09587

0.0711

-0.09894

0.07182

us
us

us
us

us
us

us
us

us
us

AV = 37.38
At= 0.16737
AV = 38.244
At= 0.17058
AV = 38.01
At=0.17097
AV = 37.806
At=0.16697
AV = 38.286
At= 0.17076
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Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew
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27-2
Positive

385

63.0

18.89
56.66

27-3
Positive

385

63.3

19.00
56.99

27-1
Positive

385

63.0

18.90
56.71

27-2
Positive

385

63.1

18.92
56.75

27-3
Positive
385
62.5
18.75
56.26

kV
kV
kV
kV/us

kV
kV
kV
kV/us

kV
kV
kV
kV/us

kV
kV
kV
kV/us

kV
kV
kV
kV/us

@®

@®

@®

@®

@®

290

291

292

293

294

-0.0784

0.09023

-0.09803

0.07125

-0.07988

0.08744

-0.1002

0.06969

-0.1024

0.0681

us
us

us
us

us
us

us
us

us
us

AV = 37.776
At= 0.16863
AV = 37.992
At= 0.16928
AV = 37.806
At=0.16732
AV = 37.83
At=0.16989
AV = 37.506
At= 0.1705
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Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew
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27-1
Negative
385
65.0
19.49
58.48

27-2
Negative
385
63.7
19.10
57.30

27-3
Negative
385
64.9
19.46
58.38

27-1
Negative
385
66.7
20.01
60.04

27-2
Negative
385
64.8
19.44
58.31

kV
kV
kV
kV/us

kv
kV
kV
kV/us

kV
kV
kV
kV/us

kV
kV
kV
kV/us

kv
kv
kV
kV/us

@®

@®

@®

@®

@®

302

303

307

308

309

-0.1667

0.08218

-0.163

0.05661

-0.1633

0.009987

-0.1426

0.03412

-0.1628

0.01076

us
us

us
us

us
us

us
us

us
us

AV = 38.988
At= 0.24888
AV = 38.202
At= 0.21961
AV = 38.922
At=0.173287
AV = 40.026
At= 0.17672
AV = 38.874
At= 0.17356
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Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew
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27-3
Negative
385
65.6
19.67
59.00

27-1
Negative
385
64.6
19.39
58.18

27-2
Negative
385
65.1
19.54
58.63

27-3
Negative
385
64.5
19.35
58.05

27-1
Negative
385
65.5
19.65
58.94

kV
kV
kV
kV/us

kv
kv
kV
kV/us

kV
kV
kV
kV/us

kV
kV
kV
kV/us

kv
kv
kV
kV/us

@®

@®

@®

@®

@®

310
-0.143
0.03094

311
-0.1452
0.02907

312
-0.146
0.02771

313
-0.1706
0.004176

314
-0.1417
0.03146

us
us

us
us

us
us

us
us

us
us

AV = 39.33
At= 0.17394
AV = 38.784
At= 0.17427
AV = 39.084
At= 0.17371
AV = 38.7
At= 0174776
AV = 39.294
At= 0.17316
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Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew
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27-2
Negative
385
66.9
20.08
60.23

27-3
Negative
385
64.9
19.46
58.37

27-1
Negative
385
65.3
19.59
58.76

27-2
Negative
385
65.4
19.63
58.88

27-3
Negative
385
65.0
19.51
58.53

kV
kV
kV
kV/us

kv
kv
kV
kV/us

kV
kV
kV
kV/us

kV
kV
kV
kV/us

kv
kv
kv
kV/us

@®

@®

@®

@®

@®

315
-0.1581
0.01689

316
-0.1646
0.009008

317
-0.1687
0.01061

318
-0.1651
0.007265

319
-0.1622
0.012

us
us

us
us

us
us

us
us

us
us

AV = 40.152
At= 0.17499
AV = 38.91
At=0.173608
AV = 39.174
At= 0.17931
AV = 39.252
At= 0.172365
AV = 39.018
At = 0.1742
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Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%

90%
Slew

Sample:
Polarity:
Charge
Peak

30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew
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27-1
Negative
385
64.9
19.46
58.39

27-2
Negative
385
65.6
19.69
59.08

kV
kV
kV
kV/us

kv
kV
kV
kV/us

Setup 18kV

Negative
350

49.3
14.80

44.41

18-1
Negative
355
48.8

14.65
43.94

18-2
Negative
355
47.6
14.29
42.88

kV
kV

kV
kV/us

kV

kV
kV
kV/us

kV
kV
kV
kV/us

@®

@®

@@

@®

320

-0.1481

0.02656

321

-0.148

0.02722

-0.2001

0.00213

335

0.08227

0.1169

336

-0.0843

0.1104

us
us

us
us

us

us

us
us

us
us

AV = 38.928
At= 0.17466
AV = 39.384
At= 0.17522
AV = 29.604
At=0.197973
AV = 290.292
At= 0.19917
AV = 28.584
At = 0.1947
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Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew
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18-3
Negative
355
47.7
14.30
42.90

18-1
Negative
355
47.9
14.38
43.15

18-2
Negative
355
48.8
14.63
43.88

18-3
Negative
355
46.1
13.82
41.46

18-1
Negative
355
49.1
14.74
44.22

kV
kV
kV
kV/us

kv
kV
kV
kV/us

kV
kV
kV
kV/us

kV
kV
kV
kV/us

kv
kv
kv
kV/us

@®

@®

@®

@®

@®

337

338

339

340

341

-0.08452

0.1117

-0.08597

0.1101

-0.08031

0.1179

-0.08671

0.1008

-0.0822

0.1214

us
us

us
us

us
us

us
us

us
us

AV = 28.602
At=0.19622
AV = 28.764
At=0.19607
AV = 29.256
At=0.19821
AV = 27.642
At= 0.18751
AV = 20478
At= 0.2036
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Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew
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18-2
Negative
355
47.7
14.31
42.94

18-3
Negative
355
48.3
14.49
43.48

18-1
Negative
355
46.3
13.90
41.70

18-2
Negative
355
471
14.13
42.38

18-3
Negative
355
46.8
14.05
42.16

kV
kV
kV
kV/us

kv
kV
kV
kV/us

kV
kV
kV
kV/us

kV
kV
kV
kV/us

kv
kV
kv
kV/us

@®

@®

@®

@®

@®

342

343

344

345

346

-0.08412

0.1119

-0.08439

0.1147

-0.06646

0.1218

-0.06622

0.1272

-0.08462

0.1069

us
us

us
us

us
us

us
us

us
us

AV = 28.626
At=0.19602
AV = 28.986
At=0.19909
AV = 27.798
At= 0.18826
AV = 28.254
At=0.19342
AV = 28.104
At=0.19152
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Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew
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18-1
Negative
355
45.8
13.73
41.18

18-2
Negative
355
51.1
15.32
45.95

18-3
Negative
355
48.5
14.56
43.69

18-1
Positive
355
43.6
13.08
39.25

18-2
Positive
355
41.7
12.52
37.57

kV
kV
kV
kV/us

kv
kv
kV
kV/us

kV
kV
kV
kV/us

kV
kV
kV
kV/us

kv
kv
kV
kV/us

@®

@®

@®

@®

@®

347

348

349

356

357

-0.08932

0.09686

-0.0766

0.1346

-0.08426

0.1167

-0.1099

0.06799

-0.1363

0.03289

us
us

us
us

us
us

us
us

us
us

AV = 27.45
At= 0.18618
AV = 30.636
At= 0.2112
AV = 29.124
At=0.20096
AV = 26.166
At= 017789
AV = 25.044
At=0.16919
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Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew
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18-3
Positive

355

42.9

12.88
38.65

18-1
Positive
355
44 1
13.22
39.67

18-2
Positive
355
41.8
12.55
37.66

18-3
Positive
355
43.5
13.04
39.12

18-1
Positive
355
43.7
13.10
39.29

kV
kV
kV
kV/us

kV
kV
kV
kV/us

kV
kV
kV
kV/us

kV
kV
kV
kV/us

kV
kV
kV
kV/us

@®

@®

@®

@®

@®

358

-0.1118

0.06094

359

-0.1267

0.05103

360

-0.1086

0.06193

361

-0.1281

0.04854

362

-0.119

0.05626

us
us

us
us

us
us

us
us

us
us

AV = 25764
At= 017274
AV = 26.448
At= 017773
AV = 25104
At=0.17053
AV = 26.082
At= 0.17664
AV = 26.19
At= 0.17526
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Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew
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18-2
Positive

355

41.3

12.40
37.20

18-3
Positive

355

44.8

13.45
40.34

18-1
Positive

355

43.9

13.16
39.48

18-2
Positive

355

42.1
12.62
37.87

18-3
Positive
355
42.8
12.83
38.48

kV
kV
kV
kV/us

kV
kV
kV
kV/us

kV
kV
kV
kV/us

kV
kV
kV
kV/us

kV
kV
kV
kV/us

@®

@®

@®

@®

@®

363

364

365

366

367

-0.1062

0.06033

-0.1277

0.05492

-0.1267

0.05086

-0.1133

0.05628

-0.1335

0.03992

us
us

us
us

us
us

us
us

us
us

AV = 24798
At= 0.16653
AV = 26.892
At=0.18262
AV = 26.322
At= 0.17756
AV = 25248
At=0.16958
AV = 25.65
At=0.17342
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Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew
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18-1
Positive
355
44.0
13.19
39.57

18-2
Positive
355
42.0
12.59
37.78

18-3
Positive
355
42.9
12.86
38.57

kV
kV
kV
kV/us

kV
kV
kV
kV/us

kV
kV
kV
kV/us

Setup 10kV

Positive
340
25.0
7.49
22.46

10-1
Positive
340
22.7
6.80
20.40

kV
kV
kV
kV/us

kV
kV
kV
kV/us

@®

@®

@®

@®

@®

368
-0.1098
0.0685

369
-0.1356
0.03676

370
-0.1242
0.04816

375
-0.102
0.07674

376
-0.1286
0.03525

us
us

us
us

us
us

us
us

us
us

AV = 26.382
At= 0.1783
AV = 25188
At= 0.17236
AV = 25716
At= 0.17236
AV = 14976
At= 0.17874
AV = 13.602
At= 0.16385
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Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew
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10-2
Positive

340

23.3

6.98
20.93

10-3
Positive

340

22.9

6.86
20.58

10-1
Positive

340

22.6

6.79
20.38

10-2
Positive

340

23.5

7.05
21.16

10-3
Positive
340
23.1
6.92
20.75

kV
kV
kV
kV/us

kV
kV
kV
kV/us

kV
kV
kV
kV/us

kV
kV
kV
kV/us

kV
kV
kV
kV/us

@®

@®

@®

@®

@®

377

378

379

380

381

-0.1284

0.03962

-0.1138

0.05013

-0.1319

0.03188

-0.1121

0.05821

-0.1086

0.05592

us
us

us
us

us
us

us
us

us
us

AV = 13.95
At=0.16802
AV = 13.722
At= 0.16393
AV = 13.584
At= 0.16378
AV = 14106
At=0.17031
AV = 13.836
At=0.16452
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Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew

NEETRAC Project No. 10-112, Final Report — September 30, 2010

10-1
Positive

340

221

6.64
19.91

10-2
Positive

340

22.9

6.87
20.61

10-3
Positive
340
22.5
6.75
20.24

10-1
Positive
340
22.5
6.74
20.21

10-2
Positive
340
23.2
6.96
20.88

kV
kV
kV
kV/us

kV
kV
kV
kV/us

kV
kV
kV
kV/us

kV
kV
kV
kV/us

kV
kV
kV
kV/us

@®

@®

@®

@®

@®

382

-0.1319

0.02886

383

-0.12

0.07483

384

-0.1374

0.03045

385

-0.1311

0.03376

386

-0.1125

0.05393

us
us

us
us

us
us

us
us

us
us

AV = 13.272
At= 0.16076
AV = 13.74
At=0.19483
AV = 13.494
At= 0.16785
AV = 13.476
At= 0.16486
AV = 13.92
At= 0.16643
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Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew
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10-3
Positive

340

22.7

6.80
20.41

10-1
Positive
340
22.9
6.87
20.60

10-2
Positive
340
23.4
7.02
21.05

10-3
Positive
340
23.0
6.90
20.70

10-2
Positive
340
23.3
6.98
20.93

kV
kV
kV
kV/us

kV
kV
kV
kV/us

kV
kV
kV
kV/us

kV
kV
kV
kV/us

kV
kV
kV
kV/us

@®

@®

@®

@®

@®

387
-0.1144
0.05066

388
-0.1329
0.0313

389
-0.1304
0.03762

390
-0.1119
0.05454

391
-0.1073
0.05681

us
us

us
us

us
us

us
us

us
us

AV = 13.608
At=0.16506
AV = 13.734
At= 0.1642
AV = 14.034
At=0.16802
AV = 13.8
At=0.16644
AV = 13.95
At=0.16411
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Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew
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10-1
Negative
340
23.2
6.96
20.89

10-2
Negative
340
23.6
7.09
21.26

10-3
Negative
340
23.5
7.04
21.12

10-1
Negative
340
234
7.01
21.04

10-2
Negative
340
23.6
7.08
21.25

kV
kV
kV
kV/us

kv
kv
kV
kV/us

kV
kV
kV
kV/us

kV
kV
kV
kV/us

kv
kv
kV
kV/us

@®

@®

@®

@®

@®

397

398

399

400

401

-0.1016

0.06503

-0.08478

0.08854

-0.1007

0.06892

-0.07904

0.0914

-0.09838

0.07252

us
us

us
us

us
us

us
us

us
us

AV = 13.926
At= 0.16663
AV = 14172
At=0.17332
AV = 14.082
At=0.16962
AV = 14.028
At=0.17044
AV = 14.166
At= 0.1709
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Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew
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10-3
Negative
340
23.2
6.95
20.85

10-1
Negative
340
23.2
6.97
20.92

10-2
Negative
340
24.3
7.28
21.85

10-3
Negative
340
23.7
7.11
21.33

10-1
Negative
340
22.8
6.83
20.48

kV
kV
kV
kV/us

kv
kV
kV
kV/us

kV
kV
kV
kV/us

kV
kV
kV
kV/us

kv
kV
kV
kV/us

@®

@®

@®

@®

@®

402

403

404

405

406

-0.07929

0.08781

-0.1015

0.0679

-0.09605

0.08228

-0.1013

0.07083

-0.1028

0.06188

us
us

us
us

us
us

us
us

us
us

AV = 13.902
At= 0.1671
AV = 13.944
At= 0.1694
AV = 14.568
At= 0.17833
AV = 14.22
At= 017213
AV = 13.65
At=0.16468
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Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew

Sample:
Polarity:
Charge
Peak
30%
90%
Slew
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10-2
Negative
340
23.6
7.07
21.20

10-3
Negative
340
23.6
7.09
21.28

10-1
Negative
340
22.7
6.80
20.40

10-2
Negative
340
241
7.23
21.68

10-3
Negative
340
241
7.22
21.66

kV
kV
kV
kV/us

kv
kv
kV
kV/us

kV
kV
kV
kV/us

kV
kV
kV
kV/us

kv
kV
kV
kV/us

@®

@®

@®

@®

@®

407

408

409

410

411

-0.09939

0.06664

-0.101

0.06383

-0.08173

0.07926

-0.09758

0.06722

-0.1001

0.06867

us
us

us
us

us
us

us
us

us
us

AV = 14.13
At= 0.16603
AV = 14184
At=0.16483
AV = 13.602
At=0.16099
AV = 14454
At= 0.1648
AV = 14442
At=0.16877
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