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Figure 1. TRANQUELL Porcelain Station Arrester

The performance and reliability of
today's electric power system can be en-
hanced with the unique characteristics of GE
TRANQUELL® arrester products. Since
introducing the world's first metal oxide
arrester in 1976, offering new concepts in
surge arrester design and application, GE
has developed and applied metal oxide
technology for a variety of traditional and
special applications. GE offers one of the
most complete lines of surge arrester prod-
ucts in the world today; EHV arresters up to
612 kV rating as well as high energy varis-
tors for series capacitor applications.

Starting with the state-of-the-art world
class disk technology, all the way through the
ISO 9001 approved design, assemble and
test processes, GE offers extremely reliable
arrester products.

Product and power systems engineers
work closely to optimize product perfor-
mance on the system. This tradition has
made GE the world's leading supplier of
metal oxide arresters and specialty varistors.

The GE arrester provides both excellent
protective characteristics and temporary
overvoltage capability. The gapless construc-
tion provides a design which is simple and
reliable while remaining economical.
TRANQUELL Polymer and porcelain arrest-
ers are designed to meet the most demand-

ing service conditions.
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General increase during its service life when exarresters is enhanced by its ability to eas-
posed to continuous operating voltage iily transfer heat from the metal oxide ele-

GE TRANQUELL® arresters are designetany type of environment. Stable metal oxments to the outside environment. This

and tested in accordance with ANSI/IEEEde  disk characteristics enabledesign is far superior to the restricted air

C62.11 and IEC 99-4[2,3]. The standarqfRANQUELL arresters to maintain theirconvection utilized in other porcelain de-

TRANQUELL arrester consists of a stacow protective characteristics. As a resultsigns.

of metal oxide disks mounted in a Sealeequipment protection IS never compro-

housing. Each disk is wedged in place ofnised. Porcelain EHV Arrester
fering protection against physical damage TRANQUELL EHV arresters incorporate
during shipment and installation. On thep gk Collaring a heat transfer system utilizing silicone-rub-

ber material wedged between the metal ox-
fde disk and internal porcelain wall. Heat

generated in the valve element from steady
1) To provide an insulating collar to prevenftate, temporary, or transient conditions is

TRANQIUELL arresters pfrov@e exceptlonaﬂashover at high currents. transferred through the silicone-rubber ma-
overvoltage protection of major power sys- terial to the porcelain housing and then dis-

tem equipment. Under normal system corp) To prevent the disk watts from increasingipated to the outside environment.,

ditions, the arrester conducts less than Oraﬁ”‘ing aging from surface oxygen reduc-
milliampere. When a surge reaches the ajipn. Each galvanized end fitting is gasketed and

rester, the arrester conducts only the current cemented to the porcelain housing provid-
necessary to limit the overvoltage. As a rethe GE high dielectric insulating collar sysing a complete moisture tight seal. This
sult, TRANQUELL arresters absorb mini-tem is a nonporous, non-lead ceramic Crygimple and rugged construction protects
mum energy to protect equipment insulaalline that completely seals the circumferagainst internal arrester damage during ship-

end faces of each disk, a conducting surfac
is applied to assure proper contact and un
form current distribution.

%e collaring system used on GE varisto.
isks, has a dual purpose:

tion. ence of the disk preventing any oxygemnent and installation.
depletion from the zinc oxide grains. This
Metal Oxide Disks system insures the varistor disk will have & rraster Testing

. stable aging characteristic in any surround-
Metal oxide valve elements are compos

: >Hing atmosphere; gas, liquid or solid. Many
of a specially formulated compound of zing. systems can provide the insulation QUALITY ASSURANCE
oxide and small amounts of other selecte\i)

DuraBILITY TESTS &

| oxides. These inaredi “'Sithstand to prevent flashover at high curJ RANQUELL arresters comply with the
metal oxides. These ingredients are mix&Q, s 1t only a nonporous inorganic matedesign tests outlined in ANSI/IEEE

in powdered form, pressed to form a disk,o| .o insure long term stable aging chalC62.11 and IEC 99-4. They exceed the

and fired at high temperatures, resulting i aristics. requirements for the duty-cycle test, high-
a dense polycrystalline ceramic. current short-duration test, and the low-
The basic molecular structure is a matrix oArrester Construction current long-duration test (transmission

line discharge test) with no loss in pro-

highly conductive zinc oxide grains sur- . .
gnly g Polymer Surge Arresters tective capability.

rounded by resistive intergranular layers ofg Tranquell polymer surge arresters are
metal oxide elements. Under electricatonstructed utilizing a rugged field-provenThe ANSI/IEEE duty-cycle test and IEC
stress, the intergranular layers conduct, rejjicone alloy housing placed over a operating duty test verify that the
sulting in a highly nonlinear characteristicynique high-strength fiberglass woven ~ TRANQUELL arresters can dissipate light-
For example, a change of arrester current gksembly of stacked metal oxide elementsiing and switching surges while operating
100,000 to 1 (0.1A to 10,000A) results in an order to prevent moisture ingression, at rated voltage, and thermally recover at
voltage change of only 54 percent. Metahe air space between the housing and maximum continuous operating voltage
oxide elements in TRANQUELL arrestersiiperglass housing is filled with a hydro-  (MCOV) of 60°C at an elevated tempera-
maintain stable characteristics. Accelerateghobic dielectric grease. As additional  ture. In other words, the arrester can self-
life tests show that arrester losses will nQ¥rotection, the cast metal end fittings of ~cool under applied voltage after absorbing
increase during an arrester's service lifgye arresters are tightly sealed around thetransient energy.

when exposed to a continuous steady-stg§@lymer housing. This state-of-the-art . :
voltage. Stable metal oxide characteristicgssembly yields an arrester that is stronge? 2PI€SS construction and a special shed de-

enable TRANQUELL arresters to maintaitand more rugged than any polymer arrest&t9” provide excellent contamination per-
their low protective characteristics. As an the industry. ormance exceeding ANSI/IEEE contami-
result, equipment protection is never com- Along with unrivaled mechanical strength"2tion test requirements. More demanding
promised. GE Tranquell polymer arresters offer eX_tests performed on TRANQUELL arresters

; : - Iso indicate they have an outstanding ca-
Metal oxide valve elements inceptlonal e.lectncal chgractenstlcs such oS0 | .
low protective levels, high energy handlmgoab'“ty to withstand the effects of severe

TRANQUELL arresters maintain a ver o i - inati
Q y pability, and improved TOV capability. external contamination. Factory tests are

stable characteristic. Accelerated aging test: . erformed on each metal oxide disk. Lona-
f e electrical performance of the polymeP . | 9
show that the arrester power losses will ndt . POYME erm stability tests are conducted on each
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and optimized. Every disk is subjected toies, consisting of multiple transmission-line
an impulse current of 10kA 8/2( to mea- discharges, is performed to make certain
sure its discharge voltage or nominal prcthat the disk has full energy capability.
tective level. A disk strength test se-

Application Guide for Selection of Arrester Rating

The objective of arrester application is t@f the minimum practical rating is generpower system, but reduces the margin of
select the lowest rated surge arrester thally preferred because it provides the greaprotection it provides for a specific insula-

will have a satisfactory service life on theest margin of protection for the insulationtion level. Thus, arrester selection must
power system while providing adequate proFhe use of a higher rating increases thgtrike a balance between arrester survival
tection of equipment insulation. An arrestecapability of the arrester to survive on th@nd equipment protection.

Table 1 lists arrester ratings that woulgbarticular application, consideration must kV and above, and for capacitor banks
normally be applied on systems of varioube given to the following system stresses and cable applications)

line-to-line voltages. The rating of the arto which the arrester will be exposed: B Lightning surges

rester is defined as the rms voltage at whigg continuous system voltage
the arrester passes the duty-cycle test # Temporary overvoltages

dgfined .by the_ referenced standard. To dgg Switching surges (frequently a consid-
cide which rating is most appropriate for & gration in transmission systems of 345

The arrester selected must have sufficien
capability to meet the anticipated service
requirements in all categories.

Table 1 Typical Arrester Ratings for System Voltages
Arrester Rating (kV) Arrester Rating (kV)
Nominal Sytem Grounded High Impedance Nominal System Grounded High Impedance
L-L Voltage | Neutra Circuits | Grounded, Ungrounded, | L-L Voltage | Neutra Circuits | Grounded, Ungrounded,
(kV) or Temporarily (kV) or Temporarily
Ungrounded Ungrounded
24 2.7 3.0 69 54
60 --
4.16 3.0 -- -- 66
45 45 -- 72
51 115 920 --
4.8 45 -- 96 --
51 51 108 108
-- 6.0 -- 120
138 108 --
6.9 6.0 -- 120 --
- 75 -- 132
- 85 144
12.47 9.0 -- 161 120
10 -- 132 --
-- 12 144 144
-- 15 -- 168
13.2,13.8 10 -- 230 172 -
12 -- 180
-- 15 192 -
-- 18 - 228
23,2494 18 -- - 240
21 -- 345 258 --
24 24 264
-- 27 276 --
345 27 -- 288 288
30 -- 294 294
-- 36 300 300
-- 39 312 312
46 39 -- 400 300 --
-- 48 312
336
360

NOTE: The arrester TOV capability must exceed the magnitude and duration of the expected
temporary overvoltages considering the response time of primary and back-up system protection.

© 2007 General Electric Company
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CoNTINUOUS SYSTEM VOLTAGE
Arresters in service are continually exous power system voltage applied to thshould be given to an arrester application
posed to system operating voltage. For eaelirester is less than, or equal to, then the delta tertiary winding of a trans-
arrester rating, there is a recommendeatrester's continuous voltage capabilitformer where one corner of the delta is
limit to the magnitude of voltage whichAttention must be given to both the circuippermanently grounded. In such circuits, the
may be continuously applied. This has beetbnnection (single phase, wye or delta) angbrmal voltage continuously applied to the
termed the Maximum Continuous Operatthe arrester connection (line-to-groundarrester will be the full phase-to-phase volt-
ing Voltage (MCOQV) of the arrester. Theline-to-line). In most cases, the arrester iage even though the arresters are connected
MCOV of each TRANQUELR arrester is connected line-to-ground and therefordine-to-ground.
contained in Table 2. These values meet arust withstand line-to-ground system op-
exceed those values contained in the refegrating voltage. If an arrester is to be con-
enced standard.The arrester rating must bected line-to-line, phase-to-phase voltage
selected such that the maximum continunust be considered. In addition, attention

Table 2(a) & (b) : TRANQUELL Polymer and Porcelain Arrester Characteristics

Table 2a Polymer Station Arrester Characteristics
8/20 ps Maximum Discharge Voltage - kVcrest

Rated 0.5 psec 10 | Switching Surge

Voltage | MCOV | kA Max Maximum

kvrms | kVrms | IR-kVcerest | IR-kVcerestt | 1L5kA | 3 kA 5kA | 10kA | 20kA | 40kA
3 2.55 8.4 6.0 6.4 6.7 7.1 7.6 8.4 9.6
6 5.10 16.7 11.9 12.8 135 141 15.2 16.8 19.1
9 7.65 25.0 17.8 19.2 20.2 21.1 22.7 25.1 28.3
10 8.40 27.8 19.8 21.4 225 235 25.3 28.0 31.8
12 10.2 333 23.7 25.6 26.9 28.1 30.3 335 38.1
15 12.7 41.7 29.7 32.0 33.7 35.2 37.9 42.0 47.6
18 15.3 50.1 35.6 38.4 40.4 42.3 45,5 50.0 57.2
21 17.0 56.3 40.1 43.2 45.5 47.6 51.2 56.7 64.4
24 195 63.9 455 49.1 51.6 54.0 58.1 64.3 73.0
27 22.0 729 51.9 56.0 58.9 61.6 66.3 734 83.3
30 24.4 80.4 57.2 61.7 64.9 67.9 731 80.9 91.9
36 29.0 95.9 68.3 73.6 77.4 81.0 87.2 96.5 109.6
39 315 104.2 74.2 80.0 84.1 88.0 94.7 104.8 | 119.0
45 36.5 120.9 86.1 92.8 97.6 102.1 | 1099 | 121.7 | 138.1
48 39.0 128.7 91.6 98.8 1039 | 108.7 | 117.0 | 1295 | 147.1
54 42.0 144.4 102.8 1109 | 116.6 | 1220 | 131.3 | 1453 | 165.0
60 48.0 163.5 116.4 1255 | 132.0 | 138.0 | 148.6 | 1645 | 186.8
66 53.0 179.9 128.0 138.1 | 1452 | 1518 | 1635 | 181.0 | 2055
72 57.0 191.8 136.6 147.3 154.9 162.0 174.4 1931 | 219.2
90 70.0 241.8 172.1 1856 | 1952 | 204.2 | 219.8 | 2433 | 276.3
96 76.0 257.4 183.2 1976 | 2078 | 2174 | 2340 | 259.0 | 294.1
108 84.0 288.9 205.6 221.8 | 2332 | 2440 | 2626 | 290.7 | 330.1
120 98.0 326.9 241.3 251.0 | 2639 | 276.1 | 297.2 | 329.0 | 3736
132 106.0 362.7 267.7 2785 | 2928 | 306.3 | 329.7 | 3650 | 4144
144 115.0 386.1 285.0 2965 | 311.7 | 326.1 | 351.0 | 3886 | 4412

Note 1: Based on 500A surge of 45us time to crest through 84 kV MCOV, and 1kA surge of 45ps time to crest fard@koOV
Note 2: For more detailed information on Polymer Station Arresters, refer to page 17.

© 2007 General Electric Company Page 6
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TEMPORARY OVERVOLTAGES
Temporary overvoltages (TOV) can benust meet or exceed the expected temptester application standard ANSI C62.22
caused by a number of system events sucdry overvoltages. Table 3 defines the tengives some guidance in determining the mag:
as line-to-ground faults, circuit backfeedingporary overvoltage capability of eachnitude of single line-to-ground fault over-
load rejection and ferroresonance. The sy$RANQUELL arrester. voltages. These overvoltages depend on de
tem configuration and operating practiceg tails of system grounding.

should be reviewed to identify the mos detailed transient system studies or calcu-

probable forms of temporary overvoltage tions are not available, it is traditional to

which may occur at the arrester location.Th on5|der_ as a minimum, the overvoltages
ue to single line-to-ground faults. The ar-

arrester temporary overvoltage capabili

Table 2b Porcelain Station Arrester Characteristics
8/20 Maximum Discharge Voltage - kVrest
Rated 0.5 pisec 10 | Switching Surge
Voltage | MCOV | kA Max Maximum
kVrms | kVrms | IR-kVcrest IR-kVcrest 15kA | 3KkA 5 kA 1I0kA | 20kA | 40 kA
3 2.55 9.1 6.3 6.9 7.2 75 8.0 9.0 10.3
6 5.10 17.9 12.4 13.6 14.2 14.8 15.8 17.7 20.3
9 7.65 26.6 18.4 20.2 21.1 22.0 235 26.4 30.2
10 8.40 29.3 20.3 22.2 23.3 24.2 25.9 29.1 33.3
12 10.2 355 24.6 26.9 28.2 29.4 314 35.2 40.4
15 12.7 442 30.6 335 35.1 36.6 39.1 439 50.3
18 15.3 53.3 36.8 40.4 42.3 4.1 47.1 52.8 60.6
21 17.0 59.1 409 44.8 46.9 48.9 52.3 58.7 67.2
24 195 67.8 46.9 51.4 53.8 56.1 60.0 67.3 77.1
27 22.0 76.5 52.9 58.0 60.8 63.3 67.7 75.9 87.0
30 24.4 84.9 58.7 64.3 67.4 70.3 75.1 84.2 96.5
36 29.0 101 69.7 76.4 80.0 83.4 89.2 100 115
39 315 110 75.8 83.0 86.9 90.6 96.9 109 125
45 36.5 128 88.3 96.8 102 106 113.0 127 146
48 39.0 136 93.8 103 108 113 120.0 135 155
54 42.0 135 98 105 112 115 122.0 136 151
60 48.0 154 110 120 127 131 139.0 155 173
66 53.0 170 122 132 140 145 153.0 171 191
72 57.0 183 131 142 151 156 165.0 184 205
90 74.0 236 169 185 195 202 214.0 237 266
96 76.0 242 175 190 201 208 220.0 245 274
108 88.0 279 202 219 232 239 254.0 284 316
120 98.0 31 231 244 257 266 283.0 315 351
132 106.0 340 249 264 280 289 306.0 342 381
144 115.0 368 271 287 303 314 332.0 369 413
168 131.0 418 308 326 345 357 379.0 421 470
172 140.0 446 330 348 368 381 404.0 448 502
180 144.0 458 339 359 380 392 417.0 463 517
192 152.0 483 360 379 401 414 440.0 488 546
228 180.0 571 424 447 474 489 520.0 578 645
240 194.0 615 457 482 511 527 560.0 623 695
258 209.0 665 516 522 552 571 604.0 670 752
264 212.0 675 523 527 558 576 613.0 680 760
276 220.0 700 545 547 578 597 635.0 705 788
288 234.0 743 578 582 615 636 676.0 753 839
294 237.0 753 585 589 623 644 685.0 762 849
300 243.0 772 600 604 639 661 702.0 782 871
312 253.0 778 605 609 644 666 708.0 788 878

Note 1: Based on 500A surge of 45us time crest through 88 kV MCOV,1kA surge of 45us time to crest
for 98kv= MCOV = 194 kV, and 2kA surge of 45us time to crest for MCOV greater than 194kV.
Note 2: Special voltage ratings available upon request.

© 2007 General Electric Company
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The primary ef- Table 3- TOV Chart

fect of temporary - - -
overvoltages on Polymer (per unit of MCOV) Porcelain (per unit of MCOV)
metal oxide ar- | Duration Normel Heavy

resters is in- | (seconds) | Prior Duty!| Duty Distribution| Riser Pole | Intermediate | Station EHV Station (396 - 612kV)
creased current 0.02 No 1.75 1.58 1.58 161 1.56

and power dissi- 0.1 No 1.64 152 152 155 152

pation, and a ris- 1 No 157 143 1.43 147 1.45

ing arrester tem- 10 No 1.49 137 137 1.39 1.38

perature. Table 3 100 No 1.43 1.32 1.32 1.34 1.32

shows the tempo- 1000 No 1.35 1.29 1.29 1.30 1.25

rary overvoltage 10000 No -- 127 127 1.28 1.18
capability of all 0.02 Yes 1.73 1.56 1.56 1.56 1.49

GE arrester de- 0.01 Yes 1.62 1.49 1.49 1.50 1.45

signs. This table 1 Yes 155 141 141 1.42 1.38

defines the dura- 10 Yes 1.47 1.35 1.35 1.36 1.32

tion and magni- 100 Yes 1.40 1.31 1.31 1.32 1.26

tude of temporary 1000 Yes 1.33 1.28 1.28 1.28 1.19
overvoltages that 10000 Yes -- -- -- 1.27 1.13

may be applied to [tPrior duty energy levels as defined in Table 4

the arrester before
the arrester voltage must be reduced to tlapabilities, it is assumed that multiple disThe actual amount of energy discharged in
arresters' continuous operating voltage caharges are distributed over a one-minu metal oxide arrester during a switching
pability. These capabilities have been deperiod. TRANQUELL arresters have consurge is a complex function of both the
fined independent of system impedance argiderably more capability in applicationsarrester volt-ampere characteristic and the
are therefore valid for voltages applied awhere the discharges take place over a longégtails of the system. The energy likely to
the arrester location. period of time. After a one-minute rest pebe discharged can best be determined on a
riod, the above discharges may be repeatettansient Network Analyzer (TNA) or with
SWITCHING SURGES The one-minute rest period allows the disR digital circuit analysis program like the
The ability of TRANQUELL arresters 10 gmperature distribution to become uniformElectromagnetic Transients Program
dissipate overhead line switching surges C@nergy ratings also assume that switchinEMTP) where system and arrester details
be quantified to a large degree in terms Qf;rges occur in a system having surgean be represented accurately. GE's TNAII
energy. The units used in quantifying theyneqance's of several hundred ohms ath its associated minicomputer data ac-
energy capability of metal oxide arresters ig,q1d be typical for overhead transmissiomuisition and analysis system or GE's MAN-
kilojoules per kilovolt. This is convenient oircits. TRAP program (enhanced version of
as arresters are constructed of series repeat- _ o _ EMTP) are uniquely well suited for these
ing sections. In low-surge impedance circuits havingsa|yations. Details of arrester modeling are

) cables or shunt capacitors as elements, th\uded in the ARRESTER MODELING
The maximum amount of energy that Maynergy capability of metal oxide arrestersaction of this brochure.

be dissipated in TRANQUELL arresters i§yay pe reduced because currents can ex-
given in Table 4. ceed values stated previously.

In defining these

Table 4 - Energy Capability
Arrester Rated Housing Max. Current for kJKkV of
Voltage (kVrms) Type Arrester Type Energy Rating (Amps) MCOV
3 - 36kV Polymer Normal Duty Distribution 300 14
3 - 36kV Polymer Heavy Duty Distribution 450 2.2
3 - 36kV Polymer Riser Pole 650 34
3 - 144kV Polymer Intermediate 650 34
3 - 144kV Polymer Station 1000 4.9
3 - 48kV Porcelain Station 1000 4.9
54 - 360kV Porcelain Station 1500 8.9
396 - 612kV Porcelain Station 2400 17.0

© 2007 General Electric Company
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Arrester Service Conditions and Other Considerations

ARRESTER CONTAMINATION Once an arrester has safely vented, it nocal position. However, units for other
TRANQUELL® arresters are built in ac-longer possesses its pressure relief/fault cumounting arrangements are available on re
cordance with contamination tests outlinegent capability. An arrester that has ventedjuest. Arresters may be horizontally
in ANSI/IEEE C62.11. More demandingshould be replaced immediately. mounted if the cantilever loading, including
tests than those outlined in the ANSI/IEE arrester weight, icing, and terminal loads,

IE—or a given application, the arrester to b

C62.11 have shown that TRANQUELL ar- lected should h lat/f oes not exceed the maximum working can-
resters have outstanding capability to withSe'ected should have a pressure reliefiauty, o, strength. Where applicable, the pres-

stand the effects of very severe extemngrrent capability greater than the maxig, o rejief vents should be located on the

contamination. fum short-circuit current available at theimderside of the arrester. Units for suspen-

intended arrester location including approgj,, mountings are also available.

In applications where severe contaminatiopriate allowances for system growth. As
is anticipated and extra leakage (creepag#jth any porcelain arrester, the pressure réhe rated working cantilever strengths for
distance is required for other station insuldief apertures should be oriented away fronaarious arrester ratings are shown in Table
tion, the arrester leakage distance should Béjacent apparatus to minimize damage ®and are defined in accordance with ANSI
reviewed. An arrester connected line-tothat apparatus in case of a pressure reli€09.9 [8]. The defined strengths exceed the
ground needs to have a leakage distance @peration. requirements for US Seismic Zone 3 (<
0.29g). For arresters installed in higher zones
to-ground insulation in the station. Extra . o Kismic requirements need to be specified.
. . relief/fault current capability is exceeded, it
leakage distance arrester housings are ava% : . :
: Should be mounted in an enclosure to prén the installation of arresters, recommendec

able. Manual hot washing of TRANQUELL o ;
. ) vent a safety hazard. A physical installatioglearances between the arrester and any ac
arresters with a single stream of pressur-

) o . o of this nature might be used for the protegacent equipment must be observed. Failure
ized, de-ionized water is permissible, pro:

Sn applications where an arrester pressu

. S tion of a large generator. to do so may result in unwanted flashovers
vided electric utility industry accepted safety . .
) and electrical overstress to internal arrestel
precautions are observed. AMBIENT TEMPERATURE clements

ARRESTER FAILURE & PRESSURE RELIEF A_mbier_1t temperature Is an important con- :
In the event that the capability of aS|derat|0n in the appllcatlon OT metal (?X!deTRANQUELL arresters are_de5|gned to
TRANQUELL arrester is exceeded. th arresters. Metal oxide materials exhibit @ave a uniform voltage gradient along the
metal oxide disks may crack or pum':tureempe_rature depend_ent loss charactensule,_ngth of the po_rcela_un c_olumn. Where ap-
Such damage will reduce the arrester inteﬂ-?e h|gh_er the amt_)lent temperature, thelicable, a grading ring 1 mounted on top
| electrical resistance. Although this Wi”hlgher will be_ the disk temp_erature _vvherof the arre_ste_r to _establlsh a more uniform
Iri]r?wit the arrester's abilit)./ to sur\?ive futurethe arrester |§_0perated at its continuougltage _dlstrlbunon along the arreste_r.
o . . ._yoltage capability. Clearly, if the arrester were mounted adja-
system conditions, it does not jeopardize

) : . . o cent to a ground plane, this uniformity would
the insulation protection provided by theThe referenced standards indicate that the, gisturbed. To avoid such a situation, the

arrester. ambient temperature not exceeding 40°C iginimum clearances to ground planes anc

In the unlikely case of complete failure o he standard service condition f_or arrestergtner phase conductors must be observed.
. . RANQUELL arresters are designed to op-
the arrester, a line-to-ground arc will de- .
i . - erate at a weighted average temperature of FiELD TESTING

velop and pressure will build up inside the, _, ~ . : A L .

. . . 5°C with excursions to 60°C. In general, it is impractical to fully test an
housing. This pressure will be safely vente ; ) . .

: : arrester in the field without high-voltage

to the outside and an external arc will be ALTITUDE

. . : ) test equipment and accurate instrumenta:
established provided the fault current iTRANQUELL arresters are designed fokion Instead, the arrester leakage curren

within the pressure relief fault current capagjtitudes not exceeding 10,000 ft. (3000 MYz be used to monitor the over-all state of
bility of the arrester. This low-voltage arcapove sea level. For higher altitude applicassngition of the arrester. For example, an
maintains equipment protection. All ratinggjons, extra clearances may be required Wynormal leakage current measurement ca
of metal top porcelain station arresters wilhe design of the arrester housing. In gefye ingicative of a wet, surface-contaminated
withstand a system available short circuigral, the insulation design of the substatiog, yented arrester. ’
current of at least 65,000 amperes rms. SyRgjl| dictate the arrester clearances. For each '

metrical (169,000 amperes, first crest) iBQo ft. (100 m) above a 10,000 ft. (3000 mMore information regarding field testing is
accordance with the test procedures oOufititude, arrester clearances should increasgailable on the GE website (www.ge.com/

lined in ANSI/IEEE C62.11 and IEC 99.4.appr0ximate|y one percent [7] Capacitor)_
Porcelain arresters with higher pressure re- _
lief capability are available upon request. MOoUNTING CONSIDERATIONS Arrester leakage current can be monitored

Pressure relief/fault current capability forTRANQUELL arresters are designed to b&Y @ surge-counter leakage meter or by ar

all GE TRANQUELL arresters is shown inself-supporting for base mounting in a veroscilloscope connected directly to a surge-
Table 5. counter test connection. Typical arrester

Page 9 © 20071 General Electric Company
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leakage currents of station arresters opespecific to each arrester location. individual criteria, the highest resulting rat-
ating at their continuous voltage capability ing must be chosen. The arresters' capabil-
and at 20°C are in the range of one-half to /ARRESTER SELECTION SUMMARY ity for contamination, pressure relief, ambi-

three milliamperes. Contamination of thel N€ arrester selection process should iRt temperature, and altitude must exceed
arrester housing will contribute another com@/ude a review of all system stresses angle gpecified requirements.

ponent to the leakage current. If leakagg®rvice conditions expecte_d at the arre_ster

current is to be used as an indication dfcation. System stresses include continu-

arrester condition, the arrester must be cleg@/S Operating voltage, temporary overvolt-

and the voltage and temperature must cof9es; and s_witching surges. If arresters of
respond to some standard test conditiong',ﬁere”t ratings are required to meet these

Table 5- Pressure Relief / Fault Current
Arrester
Rated Fault Current
\Voltage Housing Capability (A
(Kvrms) Type Arrester Type sym.)
3 - 36kV Polymer| Normal Duty Distribution 10,000
3 - 36kV Polymer| Heavy Duty Distributior 20,000
3-36kV Polymer Riser Pole 20,000
3.0-144kV | Polymer Intermediate 20,000
3.0-144kV | Polymer Station 80,000
3.0-27kV | Porcelain  Station - Porcelain Top 10,000
3.0-48kV | Porcelain Station - Metal Top 65,000
54 -360kV | Porcelair Station 93,000
396 - 612kV| Porcelair Station 65,000
Table 6 - Cantilever Strength
Maximum Working
Rated Ultimate Carntilever Strength Cantilever Strength
Arrester Rated Housing
Voltage (kVrms) Type Arrester Type in-bs. N-m in-bs. N-m
3 - 36kV Polymer Normal Duty Distribution 1,500 169 600 68
3 - 36kV Polymer Heavy Duty Distribution 3,000 339 1,200 136
3 - 36kV Polymer Riser Pole 4,000 452 1,600 181
3 - 72kV Polymer Intermediate 4,000 452 2,000 226
90 - 144kV Polymer [ntermediate 10,000 1,130 5,000 565
3 - 144kVv Polymer Station 20,000 2,260 10,000 1,130
3 - 48kV Porcelain Station 70,000 7,909 28,000 3,163
54 - 360kV Porcelain Station 150,000 16,947 60,000 6,779
396 - 612kV Porcelain Station 200,000 22,596 80,000 9,038
© 2007 General Electric Company Page 10
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Insulation Coordination

Once an arrester has been selected, timepulse waves. To illustrate arrester pro
protection it provides to the equipment intection for slower transients, the discharg
sulation can be determined. This protecsoltages have been defined for standai
tion is dependent on the protective charaswitching surge currents.

teristics of the arrester, the lightning and . .
switching surges expected on the syste be_arrester pro_tectlve_characterlstlc is
and the insulation characteristics of thgonfmnuous function defmed_over a rang
protected equipment. It is quantified in°! diScharge currents and their resultant dr'%‘gurez Anester oltage and current osillograms

terms of the protective ratio which is theharge voltages. The insulation withstand, 79k, g/20us curent impulse test

ratio of the equipment insulation Withstand)f equipment on the other hand, is generally Front-of-Wave Protective Level

to the arrester protective level. The objec(jefIneOI only at three voltage points thrOUgI?‘his is the discharge voltage for current

o . he use of the standard switching surge, the . ;
tive is to meet or exceed the mlnlmurj Il wave. and the chopped wavge tesqcs .IJmpuIses having a faster time to crest than
protective ratios for the various classes H ' PP :

voltage surges as recommended in the a icilitate comparison with these three With:[(?“3 8/20us current impulse. This resultant
plication standards. An alternate measu ands, three corresponding protective le

crest voltage is listed as the front-of-wave
isels of the TRANQUELL arrester have beexFOW) protective level. This protective
éelected as indicated in Table 6.

is the percent protective margin which level is derived by applying a series of cur-
the protective ratio minus one, times 10 rent wave impulses to an arrester with vary-
%. For example, a protective ratio of 1.53 hree protective levels are selected for cdrg times to crest (1, 2, 8 ms) and extending
corresponds to a 53 % protective margingrdination with the transformer insulationthe measured voltages to Q5 in accor-

ARRESTER PROTECTIVE characteristics. They are described as fotlance with ANSI/IEEE C62.11.
lows:

CHARACTERISTICS ProTECTIVE RATIOS

The protective characteristic ofe  Switching Surge Protective Level The three-point method is usually applied
TRANQUELL® arresters is solely definedThis s the crest discharge voltage that rdor insulation coordination. In this method
by the discharge voltage and is generallyyits when a 36/9@is current impulse is the protective ratios are calculated at three
proportional to arrester MCOV. For any ongpplied to the arrester. To define thé&eparate points within the volt-time domain;
arrester, the discharge voltage is a functiofyrester's switching surge protective level, @amely switching surge, full wave, and
of the magnitude of the arrester current anésyitching surge coordination current" ischopped wave regions. If the following pro-
in the impulse region, of the time to crest offefined for the various system voltagedective ratios are met or exceeded, satisfac
the arrester current. In general, for any spehese currents are: 500 amperes for maxpry insulation coordination will be achieved
cific applied impulse current through themum system line-to-line voltages to 15@ccording to the minimum recommendations
arrester, the time-to-crest for the voltagRy, 1000 amperes for systems 151 to 32given in ANSI C62.22.
wave will be less than the time-to-crest fogy, and 2000 amperes for systems abo
the current wave. Figure 1 shows the tegbs kv
results of a 10 kA 8/2Qs current impulse
test. * Impulse Protective Level

. .. _This is the crest discharge voltage that r
TRANQUELL_proteCtlve <_:haracter|st|csSults when an 8/2Qs current impulse is
have been defined for fast impulse cu_rrengpp"ed to the arrester. The resultant creSiWwitching SugeWithstand >=1.15
with times-to-crest shorter thani8. Avail- 52405 for a variety of crest currents arSWitching Surge Protective Level

able data on lightning strokes and S'mUI??iven in the applicable Arrester Characterx

tion studies on impulse transients Withifjgyies Taple. To allow coordination with FuIIWaveW|thst.and (BIL) >=1.20
Impulse Protective Level

subs_tatlons both |nd|_cate that arresters Wansformer insulation, a specific current im-
service may be subjected to fast current

VFhese calculated protective ratios assume
negligible arrester lead length and separa:
tion distance between the arrester and the
Jransformer.

pulse magni- choppediaveWithstand ~ 195
tude must be : >= 1
Front-of-Wave Protective Level
Table 7 selected based
Transformer Insulation Withstand | Arrester Protective Level and Test | ©On the system
and Test Wave Description Wave Description voltage. Ref- |n many cases, the calculated protective
Switching Surge Switching Surge erence  [5] ratios exceed the minimum protective ra-
(250/2500 ps voltage wave) (36/90 s current wave) provides 9U"_j' tios recommended by ANSI by a consider-
ance for this aple amount in actual power system appli-
Full Wave Impulse :
selection. cations.
(1.2/50 ps voltage wave) (8/20 ps current wave)
Chopped Wave Front-of-Wave As a specific example in protective ratio
(1.2/50 ps voltage wave) (0.5ps current wave front) calculation, consider a 550kV BIL trans-

© 20071 General Electric Company
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GE Surge Arresters

former protected by a 144kV ratedtained from i i ;
TRANQUELL polymer station surge ar-A N S | Table 8 - Example of a 144kV Rated Protective Ratio Calculation
rester. The three transformer insulation with€62.22 and Transformer | Transformer withstand | Arrester Protective | Protective
stand voltages are as specified in ANSReferences | Withstand Tests voltages (kV) Levels (kV) Ratios
C57.12.00[9]. The calculated ratios indi{10] and .
cate that the arrester would provide exce11]. When Swiiching Surge 460 285 161
lent protection for the transformer insulam a kin g Ful Wave 550 351 157
tion. such trans- Chopped Wave 630 386.1 1.63
former

If the separation distance between the trans-

. . Voltage estimates for shielded stations, tal computer studies be performed in which
former and arrester is not negligible, the

. is suggested that the front-of-wave prothe arrester and substation details can be
transformer voltage can oscillate above th

T . . fective level of the arrester be used as emodeled.
arrester voltage during lightning transients S
. . : . rapproximation for the arrester voltage. In
thus reducing the protective ratio. Guid-; . . o o L
: LY decisive situations, it is suggested that digi-

ance in estimating these effects can be ob-

41 mm 33 mm

World Class Disk Technology... the Heart of GE Arresters

GE metal oxide disks are recognized for their leading edge technology by electrical equipment manufacturers around
Our disks have been incorporated in a broad array of products; surge arresters, under-oil protection in transformeretd
termination products, switchgear and distribution panels and power quality devices. GE disks have more combined field e
in various arrester as well as non-arrester applications than any other disk available on the market today. Our diskedie
accordance with IEEE and IEC Standards and are available in a voltage range from 3 to 6kV in five diametric sizes; 33m
51mm, 62mm and 76mm.

Figure 3. GE Metal Oxide Disks

. )

© 2007 General Electric Company
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Arrester Modeling

The TRANQUELL® arrester can be readily banks, cable circuits, switch-connectedTRANQUELL arresters provide improved
modeled for system studies. Typical volt-equipment, Sfsubstations and transmis-protection to the insulation within the sub-
age-current points for TRANQUELL ar- sion lines. station remote from the arrester.

resters can be obtained via your local GI=

representative. The points are norma|ize§HUNT Capacimor Bank & CaBLE CRcur TRANSMISSION LINE SWITCHING SURGE

on the arrester maximum discharge volt' "€ switching of shunt capacitor banks o ProTecTION

age at 10 kA and were generated by apphfaPles can produce surges that may restfRANQUELL arresters connected to the
ing current waves of different magnitudesin Significant duty to arresters. This is paropen-end of switched lines can reduce the
and times-to-crest to the arrester and me4icularly so if the switching device should magnitude of switching surges along the
suring the resultant crest voltages. Th&estrike with trapped charge on the capacientire line. Such an application can result
maximum values are appropriate for thdOr Or cable. The arresters exposed to this more reliable operation or, in the case
computation of protective ratios in insula-duty may be located on either side of thaf new lines, a possible reduction in the
tion coordination and the minimum valuesSWitching device. TRANQUELL arresters cost of line insulation and a smaller right
may be used in computation of maximurrfiMit the surge voltages by diverting theof way. Further reduction in switching
arrester energies. system current from the capacitor to thesurges are possible with additional arrest-
arrester. The duty imposed on the arrest@rs at intermediate locations.

In studies involving switching surges, thedepends on the size of the bank and the
36/90 ps volt-ampere relationship shoultsource impedance of the power system.

be used to model the arrester. This type 0 o
model is sufficient for switching SurgesThe application of arresters near large shunt

of longer duration. For lightning or fast capacitor banks generally requires an ana-
switching surge studies, a conservativdytical investigation of the surge currents
choice would be the use of the front-of-"eésulting from the switching and restrik-
wave characteristic because it yields thin9 of these capacitors. If an adjacent sub-
highest calculated voltages and the lowesttation also has a shunt capacitor bank, the
protective ratio. Depending on the actuaPhenomenon of voltage magnification may
waveforms, however, the 8/20 us characcause higher surge currents in the remote

teristic may be an appropriate choice. iTesters than in the arresters at the sub-
calculations involving ferroresonance orStation where the switching is being per-

load rejection overvoltages, the power freformed.

quency characteristic (1 ms wavefront tesipo application of TRANQUELL arresters

data) could be used to determine the agp, |arge capacitor banks should be reviewed
rester volt-amp curve and the arrester dutyy ;i your local GE representative.

It should be noted that when a metal oxid%wITCH CONNECTED EQUIPMENT

arreTter is uhsed to clontr(;I temporary OVEquipment insulation can be subjected to
ervoltages that can last for many pOwe‘f\igh frequency, low energy transients ini-

frequency ((j:yclesé the n;ateri;i_l G;I)(hibitlsiiated by some types of switchgear includ-
some time dependence. For a fixed amp 'an air break switches. These transients

tude, sinusoidal power frequency VOltagﬁnave resulted in multiple operations and

applied to the metal oxide, the first feWexcessive power frequency energy in sili-

cycles of arrester current tend to be great®l - carbide arresters TRANQUELL ar-
in magnitude than the subsequent Cydeﬁesters, however, maintain a higher aver-

[12]. If the arrester is to be modeled forage resistance during conduction, thus re-

such an appli(_:ation_, the specific VOIt'Cur'ducing the energy discharge and increas-
rent-time relationship should be used. ing the arrester's ability to survive.

AppLICATION OPPORTUNITIES SF. SUBSTATION PROTECTION

Because of their unique operating mode.l,n SF, substations, particular concern is

high energy absorption, and low protective

level. TRANOUELL s placed on the fast front protection of insu-
evel, Q arresters offer Con- |4iinn within the station against lightning

siderable advantages in a variety of Situat'ransients. In this role, TRANQUELL line

o |

-

tions where other types of arresters havg,, nce arresters offer an advantage uflgure 4. TRANQUELL Polymer Station

been difficult to apply. Such situations IN-qer the fast impulse conditions of conArrester

clude the protection of shunt capacitor. o .\ By holding a lower voltage,

Page 13 © 2007 General Electric Company
www.geindustrial.com/industrialsystems/products/amesters.shtml!



GE Surge Arresters

Extra High Voltage (EHv) Arresters

DEescRrIPTION 1993 and IEC 99-4 (1991) standards. amount of energy discharged into an ar-
TRANQUELL® Extra High Voltage surge rester during a system switching surge is a
arresters have provided excellent protec complex function of both the arrester im-
tive characteristics, temporary overvoltage pedance and the details of the network or
capability and switching-surge energy system. The energy likely to be discharged
withstand to power systems of 500kV an(special design can be built to meet Ioalcan be determined on a Transient Network
above for over 20 years. It is an improve ticular application requirements Analyzer (TNA) or by computer Slm_ula-
ment on the field-proven TRANQUELL ' tion where system and arrester details are
arrester and incorporates the latest deveEHV Enercy CAPABILITY represented.

opment in metal-oxide technology ancThe ability of the TRANQUELL arreste gq, applications requiring higher energy
outdoor arrester design. to dissipate system switching surges Cacapability or lower protective levels, or
The TRANQUELL Extra High Voltage be quantified to a large degree in termis Choy  than the standard ratings, special
surge arrester consists basically of twenergy. The units generally used in quantiTRANQUELL Extra High Voltage can be
parallel columns of highly non-linear metalfying this capability are "kilojoules per kV' gesigned. In fact, GE has supplied such
oxide resistors, which are hermetically en (kJ/kV) of rating" or "kilojoules per kVio  4rrester designs that are utilized to protect
closed in porcelain containers. Each colMCOV". This is convenient since the vari- gyira High Voltage circuit breakers and
umn is comprised of metal oxide disksous arrester ratings are constructed Us"large capacitor installations.

connected in series. The discharge cu series arrester units. The maximum amoul

rent, and thus the energy, is essentiallof energy thata TRANQUELL Extra High Arrester serVice

equally distributed between the two col-Voltage arrester can absorb in a singl .

umns. The improved metal oxide disks havevent, without damage to the arrester ¢ Conditions and Other
better volt-ampere characteristics, lowechange in its performance, is 13.6 kJ/k\ . .

power dissipation, and a non-porous glas:of rating or 17.0 kJ/kV of MCOV. In defin- COHSIderatlans

ceramic insulating collar around the disking this capability, the impulse energy is £y CoNTAMINATION PERFORMANCE
which ensures long-term stability in anyassumed to take place as a single dischar . TRANQUELL arrester easily passes
environment. The new porcelain housingor multiple discharges within a very shory,» \NsI/IEEE C62.11 contamination test.
shed profile has outstanding capability tcperiod without a pause for cooling. The,, demanding tests, for example the
withstand the effects of very severe exterarresters have considerably more Capabizo-cycle 7-hour slurry test prescribed by

The designs for the standard TRANQUELL
Extra High Voltage surge arresters for vari
ous ratings and recommended system vol
ages are listed in Table 10. Arrestefs c

nal contamination. ir;yai”t;fg'ing;”zv‘g’:‘ﬁ;elot:eerdisgr‘ii;jgegBPA, AEP and NYPA, indicate that the
Since TRANQUELL Extra High Voltage timg. P ger p TRAI_\IQUELIT arrester has outstanding ca-
surge arresters do not have series or sht pability to withstand the effects of very

gaps, the reliability of the arrester is enTo provide assurance that all metal-oxidSevere external contamination.
hanced: there is no sparkover protectivdisks used in TRANQUELL arresters have
characteristics, no gap reseal requiremerthis capability, every disk is subjected to ¢
and no gap failure due to pollution-inducecdisk strength test series consisting of thre
coupling currents. Also, the response timgroups of multiple energy discharges. Eac
of the arrester to overvoltages is extremelgroup is applied within one minute and the
fast. At normal system voltage, the arrestedisk is allowed to cool between each groug
conducts a very small amount of currentThe total rated test energy applied to eac
when a surge reaches the arrester, it iidisk in one group is 15.5 kJ/kV of rating o
stantaneously conducts the current nece19.4 kJ/kV of MCOV. For TRANQUELL MOUNTING CONSIDERATIONS

sary to limit the overvoltage. As a result,Extra High Voltage arresters with two par-TRANQUELL Extra High Voltage arrest-
TRANQUELL arresters absorb minimum allel columns of metal oxide disks, theers are designed to be self-supporting for
energy to protect equipment insulation. rated test energy is 29.5 kJ/kV of rating 0 pase mounting in a vertical position. The
36.8 kJ/kV of MCOV. rated cantilever strength of the standard
arresters is 200,000 in-lb (22,600 Nm).

Seismic REQUIREMENTS
Standard TRANQUELL Extra High Volt-
age arresters are designed and tested to
withstand the requirements of seismic
Zone 3 of the United States. Arresters with
higher seismic withstand capability are
available.

TRANQUELL Extra High Voltage surge
arresters are designed to meet or exceAlthough the statement of arrester energ
the requirements of ANSI/IEEE C62.11-capability is quite succinct, the actual
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Table 9 - Standard TRANQUELL Extra High Voltage Arresters

Maximum System Voltage*, kVrms 550 550 550 800 800

Arrester Rating, kVrms 396 420 444 588 612

Maximum Continuous Operating Voltage (MCOV), kVrms 318 335 353 470 485

1-sec. Temporary Overvoltage Capability, kVrms 467 496 524 694 722

Max. Equivalent Front-of-Wave Protective Level, kVcrest 1017 1075 1129 1548 1597

Maximum Discharge Voltage, kVcrest, with 8/20us Current Wave
at 1.5kA 772 816 857 1141 177
at 3.0kA 804 849 892 1187 1225
at 5.0kA 827 874 928 1223 1261
at 10kA 869 918 964 1284 1324
at 15kA 897 948 995 1325 1367
at 20kA 919 971 1020 1358 1401
at 40kA 1019 1076 1130 1505 1553

Maximum Discharge Voltage, kVcrest, with 36/90 ps Current Wave
at 1000A 738 780 819 1090 1125
at 2000A 763 806 847 127 1163
at 3000A 779 823 865 1152 1188

Creepage Distance of porcelain housing, in.

Single-impulse energy capability 400 432 444 565 565
kJKV of rating 13.6 13.6 13.6 136
kJkV of MCOV 13.6 17 17 17 17

Rated test energy of factory routine test (3 discharges in oneminute) 17
kJKV of rating 29.5 29.5 29.5 29.5 29.5
kJkV of MCOV 36.8 36.8 36.8 36.8 36.8

Type of housing Porcelain Porcelain Porcelain Porcelain Porcelain

Color of housing ANSI#70 gray | ANSI#70 gray | ANSI#70 gray | ANSI#70 gray | ANSI#70 gray

Radio influence voltage, mV (mex.) 25 25 25 25 25

Insulation withstand of arrester housing:

Lightning impulse voltage withstand, kVpeak 1675 1800 1950 2100** 2100**
Switching impuise voltage withstand, kVpeak 175 175 1300 1425+ * 1425+ *
Pressure relief capability, kA rms sym (0.2s) 65 65 65 65 65
Weight, Ib. 2360 2460 2780 3840 3920
Notes: * The network or power system is assumed to be solidly grounded

** The arrester housing has higher insulation withstand levels than these values, which are the test levels used du

actual tests

Figure 5. TRANQUELL EHV Arresters
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Polymer Station & Intermediate Arresters

GE's surge arresters are designed to prand other substation equipment formmesters is not justified. TRANQUEIL
tect against overvoltages such as lightninigghtning and switching surge generategolymer arresters provide both excellent
or switching. Station Class arresters arevervoltages. Intermediate Class arresprotective characteristics and temporary

used in large electric utility and indus-ers are used where the purchaser feedservoltage capability.
trial substations to protect transformershat the higher cost of Station Class ai

STATION ARRESTER INSULATION CHARACTERISTICS*

Rated Creep Strike M mlggﬁ]sl'z X M inimum Power
Voltage ; Frequency (KV rms)
(kKVrms) . . Withstand .

in [mm] in [mm] (kVcrest) Wet (10 sec) | Dry (1 min)

3 23 [584] 8.9 [225] 120 57 88
6 23 [584] 8.9 [225] 120 57 88
9 23 [584] 8.9 [225] 120 57 88
10 23 [584] 8.9 [225] 120 57 88
12 31 [787] 11.4 [290] 161 74 113
15 31 [787] 11.4 [290] 161 74 113
18 31 [787] 11.4 [290] 161 74 113
21 46 [1168] | 16.5 [420] 241 109 163
24 46 [1168] | 16.5 [420] 241 109 163
27 46 [1168] | 16.5 [420] 241 109 163
30 46 [1168] | 16.5 [420] 241 109 163
36 62 [1575] | 21.7 [550] 321 145 213
39 62 [1575] | 21.7 [550] 321 145 213
45 62 [1575] | 21.7 [550] 321 145 213
48 62 [1575] | 21.7 [550] 321 145 213
54 78 [1981] | 27.0 [685] 401 182 264
60 78[1981] | 27.0 [685] 401 182 264
66 78[1981] | 27.0 [685] 401 182 264
72 124 [3150] | 42.1 [1070] 639 295 415
90 124 [3150] | 33.3 [845] 499 228 326
96 124 [3150] | 33.3 [845] 499 228 326
108 156 [3962] | 43.3 [1100] 660 306 428
120 156 [3962] | 43.3 [1100] 660 306 428
132 186 [4724] | 53.7 [1365] 817 385 530
144 186 [4724] | 53.7 [1365] 817 385 530

*Station Arrester Characteristics are shown on pg. 7

CLAMP TYPE TERMINALE
ZUITAELE FOR USE WITH
CU OR AL COMDUCTOR
25 {8y TO .21 (21 DA

.36 DIA 4 HOLEES 175

56 14y DIA - 3 HOLES
AT 120* ON 10 <2543 DA

Figure 6. Polymer Station Arrester, 3kV through 72kV

CLAMP TVPE TERMINALS
SUITABLE FOR USE WITH
CU OR AL CONDUCTOR

25 &) TO .81 @ DIA

S6 TIA

4 HOLES:

L
ARRESTER NAMEPLATE—/
G6 (4) DIA - 2 HOLES

AT 120° OM 10 (254> DIA

Figure. 7. Polymer Station Arrester - 90kV through 144k

(Hardware and base dimensions are same as in Figure 6)

StaTION ARRESTER DIMENSIONS, LEAKAGE DiSTANCES, MOUNTING CLEARANCES & WEIGHTS

M ounting Clearance (1)
X" Overall | " X" Overall Leakage Center Line
Rated Height Height Distance to Center Center Line Weight Weight
Voltage | M COV (NEMA Pad) | (Eyebolt Terminal)] Terminal to Base Line to Ground |[NEMA Pad]| [Eyebolt Terminal]
(kV) kVrms in [mm] in [mm] in [mm] in [mm] in [mm] Ib [kq] Ib [kq]
3 2.55 13.7 [348] 10.2 [259] 23 [584] 12.3[312] 7.7[196] |22[10.0]| 20.3[9.2]
6 5.10 13.7 [348] 10.2 [259] 23 [584] 12.3[312] 7.7[196] |23[104]| 20.8[9.4]
9 7.65 13.7 [348] 10.2 [259] 23 [584] 12.3[312] 7.7[196] |24[109]| 21.3[9.7]
10 8.40 13.7 [348] 10.2 [259] 23 [584] 12.3[312] 7.7[196] |24[10.9]| 21.6[9.8]
12 10.2 16.4 [417] 12.8 [325] 31 [787] 12.3[312] 7.7[196] |27[12.2]| 25.2[11.4]
15 12.7 16.4 [417] 12.8 [325] 31 [787] 12.3[312] 7.7[196] |28[12.7]| 25.8[11.7]
18 15.3 16.4 [417] 12.8 [325] 31[787] 12.3[312] 7.7 [196] 28[12.7]| 26.3[11.9]
21 17.0 21.7 [551] 18.2 [462] 46 [1168] 12.3[312] 7.7[196] |36[16.3]| 33.6[15.2]
24 195 21.7 [551] 18.2 [462] 46 [1168] 12.3[312] 8.0[203] |36[16.3]| 34.2[15.5]
27 22.0 21.7 [551] 18.2 [462] 46 [1168] 12.3[312] 8.8[224] |37[16.8]| 34.7[15.7]
30 24.4 21.7 [551] 18.2 [462] 46 [1168] 12.3[312] 9.6[244] |37[16.8]| 35.2[16.0]
36 29.0 27.0 [686] 23.5[597] 62 [1575] 13.8 [351] 11.0[279] |45[20.4] | 43.0[19.5]
39 315 27.0 [686] 23.5 [597] 62 [1575] 14.6 [371] 11.8 [300] | 46[20.8]| 43.5[19.7]
45 36.5 27.0 [686] 23.5[597] 62 [1575] 16.3 [414] 13.5[343] |45[20.8] | 44.4[20.1]
48 39.0 27.0 [686] 23.5 [597] 62 [1575] 17.0 [432] 14.2[361] |47[21.3]| 45.2[20.5]
54 42.0 32.4 [823] 28.8 [731] 78 [1981] 18.6 [472] 15.8 [401] | 55[24.9]| 52.6[23.9]
60 48.0 32.4 [823] 28.8 [731] 78 [1981] 20.6 [523] 17.8[452] |56 [25.4]| 53.6[24.0]
66 53.0 32.4 [823] 28.8 [731] 78 [1981] 22.6 [574] 19.2[488] |57[25.9]| 54.6[24.8]
72 57.0 48.2 [1224] | 44.6[1133] 124 [3150] 23.4 [594] 20.6 [523] | 79[35.8] | 76.7[34.8]
90 70.0 48.2[1224] | 44.6 [1133] 124 [3150] 39.2 [996] 31.2[792] |85[385]| 82.5][37.4]
96 76.0 48.2 [1224] | 44.6 [1133] 124 [3150] 41.0 [1041] 33.0[838] |86[39.0]| 84.2[38.2]
108 84.0 58.8 [1494] | 55.3 [1405] 156 [3962] 445[1130] | 36.5[927] [101[45.8] 98.9[44.9]
120 98.0 58.8 [1494] | 55.3 [1405] 156 [3962] 49.0 [1245] | 41.0[1041] |103[46.7]| 101.0 [45.8]
132 106.0 | 69.3[1760] | 65.8[1671] 186 [4724] 53.0 [1346] | 45.0 [1143] |120 [54.4]| 117.6 [53.3]
144 1150 | 69.3[1760] | 65.8 [1671] 186 [4724] 56.0 [1422] | 48.0[1219] |122[55.3]| 120.1 [54.5]

© 2007 General Electric Company
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GE Surge Arresters

Polymer Intermediate Arrester

ProTECTIVE CHARACTERISTICS

Figure 8. TRANQUELL Polymer Interme-
diate Arrester

Rated 0.5psec 10 | 500A Switching ) )
Voltage | MCOV | kA Max IR-| Surge M aximum 8/20 M aximum Discharge Voltage (kV Crest)
kVrms kVrms kVcrest IR-kVcrest 15kA| 3kA | 5kA | 10kA | 20kA | 40kA
3 26 8.7 6.0 6.5 7.0 74 81 9.0 10.6
6 51 17.4 12.0 130 14.0 14.7 16.2 18.1 211
9 7.7 25.7 18.0 19.3 21.0 21.9 24.0 27.0 31.6
10 84 285 19.0 21.2 23.0 24.0 26.5 29.8 34.8
12 10.2 34.8 23.0 259 28.0 294 32.3 36.2 422
15 12.7 431 29.0 323 35.0 36.6 40.2 45.1 52.7
18 153 51.4 35.0 38.6 41.9 438 48.0 54.0 63.2
21 17.0 57.6 39.0 42.8 46.4 48.6 53.6 60.2 70.5
24 195 68.8 47.0 51.6 55.9 58.5 64.2 721 84.3
27 22.0 77.1 52.0 57.9 62.9 65.7 72.0 81.0 94.8
30 24.4 85.5 58.0 63.5 69.0 72.0 79.5 89.4 | 1044
36 29.0 102.8 70.0 77.2 83.8 87.6 96.0 | 108.0 | 1266
39 315 114.0 76.0 84.8 92.0 96.0 | 106.0 | 119.2 | 139.2
45 36.5 1285 90.0 96.5 | 1050 | 1095 | 120.0 | 1350 | 158.0
48 39.0 1425 96.0 106.0 | 115.0 | 120.0 | 1325 | 149.0 | 1740
54 42.0 154.2 105.0 1158 | 126.0 | 1314 | 1440 | 1620 | 1896
60 48.0 171.0 115.2 127.2 | 1380 | 144.0 | 159.0 | 178.8 | 208.8
72 57.0 199.5 134.4 1484 | 161.0 | 168.0 | 1855 | 208.6 | 2436
90 70.0 253.0 175.0 192.0 | 209.0 | 217.0 | 240.0 | 268.0 | 3120
96 76.0 270.0 187.0 205.0 | 2230 | 2320 | 256.0 | 286.0 | 333.0
108 88.0 314.0 217.0 238.0 | 259.0 | 270.0 | 302.0 | 332.0 | 386.0
120 98.0 341.0 236.0 258.0 | 282.0 | 2930 | 322.0 | 360.0 | 420.0
132 106.0 381.0 263.0 288.0 | 312.0 | 327.0 | 360.0 | 402.0 | 468.0
144 115.0 405.0 280.2 306.0 | 333.0 | 3480 | 384.0 | 429.0 | 498.0
INSULATION CHARACTERISTICS
Minimum 1.2 x 50 | M inimum Power Frequency
Rated M COV Creep Strike us Withstand (kV (kV rms)
Voltage (kV)| kVrms in [mm] in [mm] Crest) Wet (10sec) Dry (1sec)
3 2.6 15.4[391.2] | 5.6[142.2] 100 40 60
6 51 15.4[391.2] | 5.6[142.2] 100 40 60
9 7.7 15.4[391.2] | 5.6[142.2] 100 40 60
10 8.4 15.4[391.2] | 5.6[142.2] 100 40 60
12 10.2 30.8[782.3] | 10.8 [274.3] 165 70 100
15 12.7 30.8[782.3] | 10.8[274.3] 165 70 100
18 153 30.8[782.3] | 10.8[274.3] 165 70 100
21 17.0 30.8[782.3] | 10.8 [274.3] 165 70 100
24 195 46.2 [1173.5] | 16.1[408.9] 230 105 140
27 22.0 46.2[1173.5] | 16.1[408.9] 230 105 140
30 244 46.2[1173.5] | 16.1[408.9] 230 105 140
36 29.0 61.6 [1564.6] | 21.3 [541.0] 310 140 180
39 315 61.6 [1564.6] | 21.3 [541.0] 310 140 180
45 36.5 77.0[1955.8] | 26.5[673.1] 390 180 230
48 39.0 77.0[1955.8] | 26.5[673.1] 390 180 230
54 42.0 92.4[2347.0] | 31.7 [805.2] 450 220 260
60 48.0 92.4[2347.0] | 31.7 [805.2] 450 220 260
72 57.0 107.8 [2738.1]| 37.0[939.8] 520 250 300
90 70.0 108.0 [2743.2]| 43.3 [1099.8] 580 320 400
96 76.0 108.0 [2743.2]| 43.3 [1099.8] 580 320 400
108 88.0 108.0 [2743.2]| 43.3 [1099.8] 580 320 400
120 98.0 162.0 [4114.0]| 56.1 [1424.9] 831 335 543
132 106.0 162.0 [4114.0]| 56.1 [1424.9] 831 335 543
144 115.0 162.0 [4114.0]| 56.1 [1424.9] 831 335 543
Page 17 © 2007 General Electric Company
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GE Surge Armresters
Polymer Intermediate Arrester
INTERMEDIATE ARRESTER DIMENSIONS, LEAKAGE DISTANCES,
MouNTING CLEARANCES & WEIGHTS [NEMA PAD]
Mounting Clearance (1)
MCOV | "X" Overal |Leskage Distance|Center Line to| Center Line to Weight
Height Terminal to Base | Center Line Ground

kv in [mm] in[mm in[mm in [mnd Ib

255 | 10.3[262.6] | 154[391.2] | 9.5[241.3] | 55[139.7] 6.3[2.9] S

510 | 10.3[262.6] | 15.4[391.2] | 9.5[241.3] | 55[139.7] 6.3[2.9] =

765 | 10.3[2626] | 154[391.2] | 95[2413] | 5.5[139.7] 6.3[2.9] Tt

840 | 10.3[2626] | 154[391.2] | 95[2413] | 5.5[139.7] 6.3[2.9] CLAtE TYPE LINE AND GROUND

10.2 15.6 [397.3] 30.8[782.3] 9.5[241.3] | 55[139.7] 10.0 [4.5] o WITH COP OF AL CONDUCTLR 25 ¢7)

127 | 156([397.3] | 30.8[7823] | 9.5[241.3] | 55[139.7] | 10.0[4.5] :

153 | 156([397.3] | 30.8[7823] | 9.5[241.3] | 58[147.3] | 10.0[4.5]

170 | 156([397.3] | 30.8[7823] | 9.5[241.3] | 6.8[172.7] | 10.0[4.5] +

195 | 19.7[501.4] | 46.2[11735] | 9.5[241.3] | 7.8[198.1] 13.7 [6.2] e am ARRESTER NAVEPLATE

220 19.7[501.4] | 46.2[1173.5] | 10.5[266.7] | 8.8[223.5] 13.7 [6.2] 56 (14) TIA — 3 HOLES

244 | 19.7[501.4] | 46.2[11735] | 105[266.7] | 8.8[2235] | 13.7[6.2] AT 120 DN 879 (eac) T

29.0 | 26.4[671.6] | 61.6[1564.6] | 125[317.5] | 10.8[274.3] | 17.4[7.9]

315 26.4[671.6] | 61.6[1564.6) | 13.5[342.9] | 11.8[299.7] 17.4[7.9] Figure 9. Polymer Intermediate Arrester,

36.5 31.8[808.7] | 77.0[1955.8] | 15.5[393.7] | 13.8[350.52] | 20.0[9.1] 3kV through 72kV[9L12PPAXXXS]

390 | 31.8[808.7] | 77.0[1955.8] | 16.5[419.1] | 14.8[375.9] | 20.0[9.1]

420 | 359[912.9] | 92.4[2347.0] | 185[469.9] | 16.8[426.7] | 23.5[10.7]

480 | 359[912.9] | 92.4[2347.0] | 20.5[520.7] | 18.8[477.5] | 23.5[10.7] seE NOTE 56—

570 |42.6[1083.1] | 107.8[2738.1] | 23.5[596.9] | 21.8[533.7] | 27.0[12.2] ﬁ f:RE”;jE; :A:E”F_LSSTE

700 | 47.6[1209] | 108.0[2743.2] |40.0[1016.0]| 33.0[838.2] | 55.0[25.0] —_—

76.0 | 47.6[1209] | 108.0[2743.2] |42.0[1066.8]| 35.0[889.0] | 56.0[25.4] .

88.0 | 47.6[1209] | 108.0[2743.2] |46.0 [1168.4]| 39.0[990.6] | 57.0[25.9] CLANP TYPE LINE AND GROUND

98.0 | 70.1[1780] | 162.0[2743.2] |51.0 [1295.4]| 44.0 [1117.6] | 70.5 [32.0] TERNINALS SUITABLE FOR USE

106.0 | 70.1[1780] | 162.0[2743.2] |55.0 [1397.0]| 47.0 [1193.8] | 70.5[32.0] TO &1 (2l Dih

1150 | 70.1[1780] | 162.0[2743.2] |58.0[1473.2]| 50.0 [1270.0] | 70.5[32.0] i e ‘mﬁ SRADING RING

(193
4
75 am

INTERMEDIATE ARRESTER DIMENSIONS, LEAKAGE DISTANCES, MOUNT-

ING CLEARANCES & WEIGHTS [EYEBOLT TERMINAL]

Mounting Clearance (1)
MCOV | "X" Overal | Leakage Distance| Center Lineto | Center Line Weight
Height Terminal to Base | Center Line | to Ground

kv in [mm in [mm in [mm in [mm Ib [kd
2.55 6.9 [175.3] 15.4[391.2] 9.5[241.3] 55[139.7] | 6.3[2.9]
5.10 6.9 [175.3] 15.4 [391.2] 9.5[241.3] 55[139.7] | 6.3[2.9]
7.65 6.9 [175.3] 15.4[391.2] 9.5[241.3] 55[139.7] | 6.3[2.9]
8.40 6.9 [175.3] 15.4 [391.2] 9.5[241.3] 55[139.7] | 6.3[2.9]
102 | 12.2[309.9]| 30.8([782.3] 9.5[241.3] 5.5[139.7] | 10.0[4.5]
127 | 12.2[309.9]| 30.8[782.3] 9.5[241.3] 5.5[139.7] | 10.0[4.5]
153 |12.2[309.9]| 30.8[782.3] 9.5[241.3] 5.8[147.3] | 10.0[4.5]
17.0 |122[309.9]| 30.8[782.3] 9.5[241.3] 6.8[172.7] | 10.0[4.5]
195 |16.3[414.0]| 46.2[1173.5] 95([241.3] | 7.8[198.1] | 13.7[6.2]
220 |16.3[414.0]| 46.2[11735] | 10.5[266.7] | 8.8[223.5] | 13.7[6.2]
244 |16.3[414.0]| 46.2[11735] | 10.5[266.7] | 8.8[223.5] | 13.7[6.2]
29.0 |23.0[584.2]| 61.6[1564.6] | 12.5[317.5] | 10.8[274.3]| 17.4[7.9]
315 |[23.0[584.2]| 61.6[1564.6] | 135[342.9] | 11.8[299.7]| 17.4[7.9]
365 |284([721.4]| 77.0[1955.8] | 15.5[393.7] |13.8[350.52] 20.0[9.1]
390 |[284[7214]| 77.0[1955.8] | 16.5[419.1] | 14.8[375.9]| 20.0[9.1]
420 |325[825.5]| 92.4([2347.0] | 185[469.9] | 16.8[426.7] | 23.5[10.7]
480 |325[825.5]| 92.4[2347.0] | 20.5[520.7) | 18.8 [477.5]| 23.5[10.7]
57.0 [39.2[995.7]| 107.8[2738.1] | 235[596.9] | 21.8[533.7] | 27.0[12.2]

56 (14) DIA — 2 HOLE®
AT 1200 OW 873 w222y DIa

Figure 10. Polymer Intermediate Arrester,
90kV through 144kV [9L12PPAXXXS]

r 213 967

0 .8l <21} IIA

w 43 1A

4

75 a9

ARRESTER MAMEPLATE

5 (142 DIA — 3 HOLES
AT 120" OW 275 (222> DIA

Figure 71. Polymer Intermediate Arrester,
3kV through 72kV [9L12PPBXXXS]
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GE Surge Arresters

Polymer Distribution & Riser Pole Arresters

GE Tranquell Polymer Distribution and is simple, reliable, and economical while
Riser Pole surge arresters are used on offering excellent fault current capability to
distribution systems to protect transformeneet the most demanding service condi-
and other medium voltage power equip- tions. The GE arrester design is based on
ment from lightning and switching surge field-proven metal oxide disks known for
generated overvoltages. The Polymer  maintaining stable characteristics. In order
Distribution and Riser pole arresters  to assure the highest level of quality,
exhibit excellent protective characteristicd,ranquell Polymer Distribution and Riser
temporary overvoltage capability, and  Pole surge arresters are designed and
switching surge energy withstand. Gaplegsanufactured in accordance with the latest
internal construction combined witha  versions of ANSI/IEEE C62.11 and IEC
polymer housing results in a design whict99-4. _ =, 1

Y

BAsic CoNSTRUCTION resters are less than half the weight of
The metal oxide column is centered anén equivalent porcelain housed arrester.
restrained in alignment with tightly wo- This makes transportation, handling, andigure 72. TRANQUELL Polymer Riser
ven fiberglass filament strandsinstallation much easier. Pole Arrester

impregnated with epoxy resin. The interanother significant advantage of the GE,ttachments. A specially desianed alass.
stices between the stranding are filledeRANQUELL polymer arrester construc-g - ool t P | t'y g tg d

with a silicone dielectric material so theijgn is that fault withstand capability Canflro?n tﬁg )z;(rersestre:n'cf)utr?elnl\?Ezl\i/lr,rAnc(re())(ses}gr;
design is free of air and moisture. The maintained throughout the VOItag%racket eliminating the need for instal-

inside diameter of the housing is slightltange. The fault current capability of pory.. . :
smaller than the outside diameter of th@e|ain housed arresters is reduced as t ation of a metal Clamplng band around

— - . . e arrester. The insulating arm not onl
cylindrical element providing a snug fit. housing lengthens. eliminates the rust and cgrrosion somey-
For a typical 10kV rated arrester, the bathe polymer housed arrester can be useighes encountered with a metal clamping

sic polymer housing is only six inchesyith all standard mounting arms anchand, but also has been treated with ar
long — 50 to 60 percent shorter than thgrackets. They come with all the necesinhibitor to resist ultraviolet damage.
porcelain equivalent. Likewise, the arsary fasteners, isolators and terminal

R
T
!

GE'S POLYMER CONSTRUCTION provides excellent contamination performance that meets or exce:
ANSI/IEEE contamination test requirements. The arrester housing is made of ESP silicone alloy weathel
material that resists tracking from surface leakage currents. ESP’s excellent properties have been conf
through a series of industry standard performance tests that include tracking resistance, contamin:
accelerated aging and seal integrity.

WHEN EXPOSED TO HIGH FAULT CURRENTS the epoxy/fiberglass wrapped modules either rupture
burn through to relieve internal pressure. The polymer housings then split to relieve the pressure.

POLYMER ARRESTERS are not susceptible to cracking or breaking like porcelain arresters, so the possl
of damage from mishandling in packing, shipping and installation is virtually eliminated. The risk
damage from vandalism is also greatly reduced. The polymer housing material excels in toleranc
weather extremes from desert heat to artic cold, and resists damage from ultraviolet rays and o:
Samples of the polymer have survived the equivalent of over 50 years of accelerated ultraviolet testint

USING OPTIMUM CONNECTION METHODS for the arrester leads is important in reducing surg
voltage stress. Placing the ground connection of the transformer just under the crossarm where the al
ground leads meet the pole ground reduces surge voltage stress. Many pole mounted transformer in
tions use arresters mounted on the crossarm. Such installations tend to have very long arrester leas
increase surge voltage stress on transformer windings. Arrester lead is the combined length of line
ground lead wire in series with the arrester and in parallel with the protected device (transformer in
case).

THE POLYMER ARRESTERS ARE LESS THAN HALF THE WEIGHT of an equivalent porcelain
arrester. This lighter weight makes transportation, handling and installation much easier. The b
polymer housing is only 6 inches long for a typical 10kV rated arrester. The polymer housing is 50 to €
shorter than the housing of an equivalent porcelain arrester.

i

Figure 13. TRANQUELL Polymer
Heavy-Duty Distribution Arrester

SN
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GE Surge Armresters

Porcelain Metal Top Station Arrester

Mounting Clearance (1)
o Leakage Minimum Minimum Power
e L o B IS I S BT [ O B IOl
Bage (KVrms)
kv kv inches mm Ib. kg in mm in mm in mm in. mm | (kV crest) | Wet (10 sec)| Dry (1 min)
3 255 19.1 485 65 29.4 6.2 157 45 114 12 305 6 152 60 20 21
6 5.1 19.1 485 65 294 6.2 157 45 114 12 305 7 177 75 24 27
9 7.65 19.1 485 66 29.9 6.2 157 45 114 13 330 7 177 95 30 35
10 8.4 19.1 485 66 299 6.2 157 45 114 13 330 8 203 95 30 35
12 10.2 211 536 7 326 11.1 282 6.1 155 14 356 85 216 110 45 50
15 12.7 211 536 73 33 111 282 6.1 155 14 356 85 216 110 45 50
18 153 241 612 80 36.2 20 508 9.1 231 16 406 9 229 110 45 50
21 17.0 241 612 81 36.7 20 508 9.1 231 16 406 9 229 150 60 70
24 19.5 241 612 82 37 20 508 9.1 231 17 432 11 279 150 60 70
27 22.0 2.1 714 90 40.7 317 805 135 343 18 457 12 305 150 60 70
30 244 281 714 91 412 317 805 135 343 18 457 12 305 200 80 95
36 29.0 2.1 713.7 93 421 317 805 135 343 20 508 14 356 200 80 95
39 315 319 810 105 415 41 1041 17.25 438 21 533 14 356 250 100 120
45 36.5 319 810 107 484 41 1041 17.25 438 21 533 15 381 250 100 120
48 39 319 810 109 493 41 1041 17.25 438 2 559 15 381 250 100 120
54 42 38.1 968 180 81.4 60 1524 23.25 591 24 610 18 457 194 81 See Note 2
60 48 38.1 968 185 83.7 60 1524 2325 591 25 635 19 483 21 91
66 53 4.1 1120 220 99.5 80 2032 29.5 749 26 660 20 508 262 108
72 57 50.6 1285 220 99.5 80 2032 29.5 749 26 660 20 508 262 108
90 74 50.6 1285 250 113.1 101 2565 36 914 33 838 27 686 337 139
96 76 50.6 1285 265 120 101 2565 36 914 37 940 31 787 348 144
108 84 57.1 1450 280 126.7 122 3099 425 1080 39 991 33 838 404 166
108 88 57.1 1450 285 129 122 3099 425 1080 39 91 33 838 404 166
120 98 57.1 1450 290 131 122 3099 425 1080 42 1067 36 914 448 190
132 106 76.6 1946 395 179 140 3556 52.75 1340 44 1118 38 965 486 205
144 115 82.6 2098 425 192 160 4064 59 1499 51 1295 46 1168 524 23
168 131 89.1 2263 465 210 181 4597 65.5 1664 59 1499 54 1372 598 253
172 140 89.1 2263 475 214.9 181 4597 52.5 1334 78 1981 59 1499 637 271
180 144 89.1 2263 480 217.2 181 4597 525 1334 83 2108 64 1626 658 278
192 152 96.1 2441 515 233.0 202 5131 60 1524 83 2108 67 1702 693 296
228 180 108.6 2758 590 267 244 6198 71 1803 92 2337 73 1854 821 348
240 194 108.6 2758 595 269.2 244 6198 71 1803 103 2617 85 2169 885 375
258 209 128.1 3254 700 316.7 262 6655 78.25 1988 111 2819 92 2337 952 424
264 212 133.6 3393 725 328.1 282 7163 845 2146 116 2946 96 2438 966 429
276 220 133.6 3393 730 3303 282 7163 84.5 2146 120 3048 100 2540 1001 447
288 234 140.6 3571 775 350.7 303 7696 915 2324 128 3252 106 2702 1069 474
294 237 140.6 3571 786 355.7 303 7696 915 2324 130 3302 110 2794 1082 480
300 243 140.6 3571 790 357.5 303 7696 915 2324 130 3302 110 2794 1100 492
312 245 147.1 3736 800 362 324 8230 97.5 2471 130 3302 110 2794 1119 496
Porcelain Top Station Arrester
3 2.55 2 305 35 158 11 22 8.4 213 11 79 55 140 60 20 21
6 5.1 12 305 40 18.1 111 282 8.4 213 11 279 5.5 140 75 24 27
9 7.65 12 305 40 18.1 11.1 282 8.4 213 11 279 5.5 140 95 30 35
10 8.4 12 305 40 18.1 111 282 8.4 213 11 279 5.5 140 95 30 35
12 10.2 12 305 42 19.0 11.1 282 8.4 213 11 279 6.5 165 110 45 50
15 12.7 16.25 413 50 226 20 508 125 318 11 279 7.5 191 110 45 50
18 153 16.25 413 50 226 20 508 12,5 318 11 279 9 229 110 45 50
21 17 16.25 413 51 23.1 20 508 12,5 318 11 279 9 229 150 60 70
24 19.5 16.25 413 52 235 20 508 125 318 11 279 9 229 150 60 70
27 22 21 533 60 2 29 724 16.5 419 12 305 10 254 150 60 70

Note 1: These are recommended minimum clearances only and as such are not intended to take precedence over existing
constuction codes or specifications.
Note 2: 1 min. drying power withstand is not required by ANSI for 54 kv and above.
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GE Surge Arresters

l .
.56 DIA 3 Holes at .56 DIA 3 Holes at
120°0n 10 DIA 120° On 10 DIA
B.C. B.C.
Fig. 2, 9L11ZGBO##S Fig. 3, 9L11ZGAC##S Series

Series Rating Voltage 3-48kV
Rated \bltage 3-27kV

Temporary Power Fraquency Voltage vs. Time For TRANQUELL Porcelain Station Arresters
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Fig. 1, Temporary Power Frequency Voltage vs. Time
For TRANQUELL Porcelain Station Amesters

(Prior Duty = 4.9kJ/kV of Rating for 3-48kV rating and 8.9kJ/
kV for 54-312kV rating)

Pac 2 2001 General Flectric Cnmnanv

.56 DIA 3 Holes at

120° On 10 DIA S
BC " _f ﬁ*m



GE Surge Armresters

Heavy Duty Distribution Arresters

ProTeCTIVE CHARACTERISTICS

Rated M COV 0.5 psec 10 S‘Mtd_" ng Surge 8/20 M aximum Discharge Voltage (kV Crest)
Voltage KVrms kA Max IR-| Maximum IR-
kv kVcrest kv
15kA| 3kA | 5kA | 10kA | 20kA | 40kA
3 2.6 125 8.0 9.5 10.0 10.5 1.0 13.0 15.3
6 51 25.0 16.0 19.0 20.0 21.0 220 26.0 30.5
9 7.7 34.0 22.5 245 26.0 2715 30.0 350 41.0
10 84 36.5 235 26.0 28.0 29.5 32.0 375 435
12 10.2 43.5 28.8 30.7 329 34.8 38.5 43.8 515
15 12.7 54.2 35.0 384 41.0 43.4 48.0 54.6 64.2
18 15.3 65.0 42.1 46.0 49.1 52.0 57.5 65.4 76.9
21 17.0 69.5 449 49.5 52.5 55.7 61.5 69.9 82.2
24 195 87.0 56.4 61.6 65.8 69.6 77.0 87.6 103.0
27 22.0 97.7 63.2 69.2 73.9 78.2 86.5 98.4 115.7
30 24.4 108.4 71.0 76.8 82.0 86.8 96.0 109.2 | 1284
36 29.0 130.0 84.2 92.0 98.2 104.0 | 1150 | 130.8 | 153.8

INsuLATION CHARACTERISTICS

Minimum 1.2 x 50 | M inimum Power Frequency
Rated Creep Strike us Withstand (kV (kV rms)
Voltage (kV)| in[mm] in [mm] Crest) Wet (10sec) Dry (1sec)
3 8[203.2] 3.6 [91.4] 50 35 25
6 15.4[391.2] | 6.7[170.2] 75 45 35
9 15.4[391.2] | 6.7[170.2] 75 45 35
10 15.4[391.2] | 6.7 [170.2] 75 45 35
12 26 [660.4] 9.7 [246.4] 125 65 45
15 26 [660.4] | 9.7 [246.4] 125 65 45
18 26 [660.4] | 9.7 [246.4] 125 65 45
21 26 [660.4] | 9.7 [246.4] 125 65 45
24 52[1320.8] | 18.0[457.2] 160 90 65
27 52 [1320.8] | 18.0[457.2] 160 90 65
30 52[1320.8] | 18.0[457.2] 160 90 65
36 52[1320.8] | 18.0[457.2] 160 90 65

DiMeNsIoNs, LEAKAGE DistaNcES, MoUNTING CLEARANCES & WEIGHTS

Mounting Clearance (1)
MCOV | "X" Overal | Leakage Distance| Center Lineto | Center Line Weight
Height Terminal to Base | Center Line to Ground

kv in [mm] in[mm in [mm in [mn Ib [kd
255 | 7.0[177.9] 8.0 [203.2] 5.0[127] 3.0[76.2] | 3.2[1.45]
510 | 9.3[236.2] | 15.4[391.2] 54[137.2] | 34[86.4] | 40[181]
765 | 93[236.2] | 15.4[391.2] 6.0[152.4] | 4.0[101.6] | 4.0[1.81]
840 | 9.3[236.2] | 15.4[391.2] 6.2[157.5] | 4.2[106.7] | 4.0[1.81]
102 |123[3124]| 26.6[675.6] 7.5[190.5] | 55[139.7] | 5.4[2.44]
127 |123[3124]| 26.6[675.6] 85([215.9] | 6.5[165.1] | 5.4[2.44]
153 |12.3[3124]| 26.6[675.6] 95([2443] | 7.5[190.5] | 6.0[2.71]
170 |123[3124]| 26.6[675.6] 10.0[254.0] | 8.0[203.2] | 6.0[2.71]
195 |21.0[533.4]| 52.0[1320.8] 12.0[304.8] | 10.0[254.0]| 9.5[4.30]
220 |21.0[5334]| 52.0[1320.8] | 13.0[330.2] | 11.0[279.4] | 9.5[4.30]
244 (21.0[5334]| 52.0[1320.8] 14.0[355.6] | 12.0[304.8] | 9.5[4.30]
29.0 |21.0[533.4]| 52.0[1320.8] | 16.5[419.1] | 14.5[368.3]| 10.7 [4.84]

N B

Figure 14. TRANQUELL Heavy-Duty Dis-
tribution Arrester
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Figure 15. TRANQUELL Heavy-Duty Dis-
tribution Arrester Dimensions
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GE Surge Arresters

Riser Pole Arresters

ProTeCTIVE CHARACTERISTICS

Rated 0.5 psec 10 500A Switching ; ;
M COV : Surge 8/20 M aximum Discharge Voltage (kV Crest)
Voltage kA Max IR- -
KV kVrms KVerest M aximum | R-
kVcrest 15kA| 3kA | 5kA | 10kA | 20kA | 40 kA
3 26 8.7 5.8 6.5 7.0 7.4 8.1 9.0 10.6
6 51 17.4 n.7 130 | 140 | 147 | 162 | 181 | 211
9 7.7 25.7 175 193 | 210 | 219 | 240 | 270 | 316
10 8.4 285 19.2 212 | 230 | 240 | 265 | 298 | 348
12 10.2 34.8 233 259 | 280 | 294 | 323 | 362 | 422
15 12.7 431 29.1 323 | 350 | 366 | 402 | 451 | 537
18 153 51.4 34.9 386 | 419 | 438 | 480 | 540 | 632
21 17.0 57.6 387 428 | 464 | 486 | 536 | 602 | 705
24 195 68.8 46.6 516 | 559 | 585 | 642 | 721 | 843
27 22.0 77.1 52.4 579 | 629 | 657 | 720 | 810 | 948 |
30 24.4 855 57.6 635 | 69.0 | 720 | 795 | 894 | 1044 1 j
36 29.0 102.8 69.8 772 | 838 | 876 | 960 | 1080 | 126.6 ) o
INSULATION CHARACTERISTICS Lf
Minimum 1.2 x 50 | M inimum Power Frequency Figure 16. TRANQUELL Riser Pole Ar-
Rated Creep Strike us Withstand (kV (kV rms) resters
Voltage (kV) in [mm] in [mm] Crest) Wet (10sec) Dry (1sec)
3 15.4[391.2] | 4.9[124.5] 75 45 35 SLonle sTob =
6 15.4[391.2] | 49[124.5] 75 45 35 CLAMP & WIRE PROTECTIVE CAP
9 15.4[391.2] | 4.9 [124.5] 75 45 35 LEAD T NLe ©4 VI ST
10 15.4[391.2] | 4.9[124.5] 75 45 35
12 30.8[782.3] | 6.5[165.1] 130 70 50
15 30.8[782.3] | 6.5[165.1] 130 70 50 P,
18 30.8[782.3] | 6.5[165.1] 130 70 50 o 56 DIa HOLE
21 30.8[782.3] | 6.5[165.1] 130 70 50 v ‘
24 46.2 [1173.5] | 10.0 [254.0] 180 100 80 | |
27 46.2[1173.5] | 10.0 [254.0] 180 100 80 . iﬁjﬂi
30 462 [1173.5] | 10.0 [254.0] 180 100 80 2oz 1| L.
36 61.6 [1564.6] | 14.0 [355.6] 220 130 100 R ; ‘
J RATED VOLTAGE
DiMENSIONS, LEAKAGE DISTANCES, MOUNTING CLEARANCES & WEIGHTS 3/8-16 STUD STAME
RETAINER,
HEX NUT &
Mounting Clearance (1) FLATWASHER
MCOV | "X" Overal | Leakage Distance| Center Lineto | Center Line | Weight Y= 4in.[101.6mm] for 3-10kV
Height Terminal to Base | Center Line to Ground 6 in. [152.4mm] for 12-36kV
kV in [ in [mnd in [mnd in [mnd Ib [kd
255 | 93[236.2] | 154[3912 | 50[127.0] | 30[762] | 47[212] Figure 17. TRANQUELL FRiser Pole Di-
510 | 9.3[236.2] | 15.4[391.2] 5.4[137.2] | 34[86.4] | 47[2.12] mensions

765 | 93[2362] | 154[3912] | 6.0[1524] | 40[1016] | 4.7[2.12]
840 | 9.3[236.2] | 154[3912] | 63[160.0] | 43[109.2] | 4.7[2.12]
102 |14.7[3734]| 30.8([7823] | 7.9[200.7] | 5.9[149.9] | 85[3.83]
127 |14.7[3734]| 30.8([782.3] | 89[2261] | 6.9[175.3] | 8.5[3.83]
153 |14.7[3734]| 30.8[782.3] | 9.9[2515 | 7.9[200.7] | 8.5[3.83]
170 |14.7[3734]| 30.8[782.3] | 104[264.2] | 8.4[213.4] | 85[3.83]
195 |20.1[5105]| 46.2[11735] | 124[315.0] | 10.4[264.2] | 12.0[5.43]
220 [20.1[510.5]| 46.2[11735] | 13.4[340.2] | 11.4[289.6] | 12.0 [5.43]
244 |20.1[510.5]| 46.2[11735] | 14.0[355.6] | 12.0 [304.8] | 12.0 [5.43]
200 |25.4[645.2]| 61.6[1564.6] | 17.0[431.8] | 15.0[381.0]| 15.5[6.98]
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GE Surge Armresters

Normal Duty Distribution Arresters

ProTECTIVE CHARACTERISTICS

Rated 0.5 psec 10 500A Switching ; ;
M COV : Surge 8/20 M aximum Discharge Voltage (kV Crest)
Voltage kA Max IR- :
KV kVrms KVerest M aximum IR-
kVerest 15kA| 3kA | 5kA | 10kA | 20kA | 40kA
3 2.6 12.5 85 9.8 10.3 11.0 12.3 14.3 185
6 51 25.0 17.0 19.5 20.5 22.0 245 28.5 37.0
9 7.7 335 23.0 26.0 28.0 60.0 33.0 39.0 50.5
10 84 36.0 24.0 27.0 29.5 315 36.0 415 53.0
12 10.2 50.0 34.0 39.0 41.0 44.0 49.0 57.0 74.0
15 12.7 58.5 40.0 455 48.5 52.0 57.5 67.5 87.5
18 15.3 67.0 46.0 52.0 56.0 60.0 66.0 78.0 101.0
21 17.0 73.0 49.0 55.0 60.0 64.0 73.0 84.0 107.0
24 195 92.0 63.0 715 76.5 82.0 90.5 106.5 | 138.0
27 22.0 100.5 69.0 78.0 84.0 80.0 99.0 117.0 | 1515
30 24.4 102.8 72.0 81.0 88.5 94.5 108.0 | 1245 | 159.0
36 29.0 134.0 92.0 104.0 | 1120 | 1200 | 132.0 | 156.0 | 202.0
INsuLATION CHARACTERISTICS
Minimum 1.2 x 50 | M inimum Power Frequency
Rated Creep Strike us Withstand (kV (kV rms)
Voltage (kV)| in [mm] in [mm] Crest) Wet (10sec) Dry (1sec)
3 15.4[391.2] 5.2 [132] 45 13 15
6 15.4[391.2] | 5.2[132] 60 20 21
9 15.4[391.2] | 5.2[132] 75 24 27
10 15.4[391.2] | 5.2[132] 75 24 27
12 30.8[782.3] | 6.8[172] 85 27 31
15 30.8[782.3] | 6.8[172] 95 30 35
18 30.8[782.3] | 6.8[172] 125 36 42
21 30.8[782.3] | 6.8[172] 125 36 42
24 46.2[11735] | 10.3[261] 150 60 70
27 46.2[11735] | 10.3[261] 150 60 70
30 46.2 [11735] | 10.3[261] 150 60 70
36 61.6 [1564.6] | 14.3[363] - - -

DiMensIoNs, LEAKAGE Distances, MounTING CLEARANCES & WEIGHTS

Mounting Clearance (1)
MCOV | "X" Overal | Leakage Distance| Center Lineto | Center Line Weight
Height Terminal to Base | Center Line to Ground

kv in [mm] in[mm in [mm in [mm Ib [kd
255 | 93[236.2] | 15.4[391.2] 48[121.9] | 30[76.2] | 3.5[158]
510 | 9.3[236.2] | 15.4[391.2] 5.0 [127.0] 3.2[813] | 35[1.59]
7.65 | 9.3[236.2] | 15.4[391.2] 5.6 [142.2] 3.8[965] | 35[1.58]
840 | 9.3[236.2] | 15.4[391.2] 5.8[147.3] | 4.1[104.1] | 3.5[1.58]
102 |14.7[373.4]| 30.8[782.3] 7.5[190.5] | 5.7[144.8] | 6.7[3.03]
127 |14.7[373.4]| 30.8[782.3] 85[215.9] | 6.7[170.2] | 6.7[3.03]
153 |14.7[373.4]| 30.8[782.3] 95[241.3] | 7.7[195.6] | 6.7[3.03]
17.0 |14.7[373.4]| 30.8([782.3] 10.0[254.0] | 8.2[208.3] | 6.7[3.03]
195 |[20.1[510.5]| 46.2[1173.5] 12.0[304.8] | 10.2 [259.1] | 10.0 [4.52]
220 |20.1[510.5]| 46.2[1173.5] 13.0[330.2] | 11.2[284.5] | 10.0 [4.52]
244 |20.1[5105]| 46.2[1173.5] | 13.6[345.4] | 11.8[299.8] | 10.0[4.52]
290 |25.4[645.2]| 61.6[1564.6] | 16.2[4115] | 14.4[365.8] | 13.3[6.02]

:

"

|
p

Figure 18 TRANQUELL Normal-Duty Ar-
rester
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Figure 19. TRANQUELL Normal-Duty Ar-
rester Dimensions
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GE Surge Arresters

Special Applications of TRANQUELL Metal Oxide Technology

In some power system installations, spe- HVDC TERMINALS achieve ideal energy sharing when mahy o
cial TRANQUELL® arresters are required HVDC back-to-back, separated, ancthese stacks are conducting in parallel.
to address the particular needs of the ap-multiterminal converter stations provide More than one column of metal oxide disks
plication. These requirements include high a unique opportunity for the applicationmay be placed in one porcelain housing.
energy capability, low protective levels, or of TRANQUELL surge arresters. StableThis provides a number of opportunities
unusual voltage stresses such as harmoniprotective characteristics and multiplefor special arresters in circuits requiring
or dc voltages. GE has applied the uniquecolumn arrester designs simplify the in-compact extra high energy dissipation ca-
capabilities of metal oxide disks in many sulation coordination process on both thipability.

situations including series capacitors, AC and DC systems.
HVDC converter stations, and transmis-
sion lines.

Special arresters and multiple parallel
In many cases, equipment insulation castack metal oxide varistors have applica-
be reduced resulting in a reduction irtions in various areas inside and outside
SeRIES CAPACITOR PROTECTION size and cost of the terminal.the power industry. A list of such applica-
A multiple column varistor consistingfo TRANQUELL AC and DC surge arrest- tions follows:
metal oxide disks placed directly in paral- ers can be applied to systems where
lel with a series capacitor can protect it wide variety of steady-state voltage wave |
against overvoltages resulting from faults shapes are encountered. For exampl
on the system. In the GE series capacitorbridge arresters are exposed to DC voli,
protective system, the varistor diverts the ages with periodic polarity reversals,
line fault current around the capacitor for while AC filter reactor arresters are ex-
a predetermined number of cycles after posed to power frequency and harmoni
which time a bypass switch or triggered voltages. GE has supplied the arrestei,
gap will operate to limit the energy dissi- for many HVDC converter stations world-
pation. For most faults, only the varistor wide.
will conduct and the capacitors are rein-
serted immediately following the fault
greatly promoting power system stability
by maintaining continuous power flow.

Shunt reactor neutral
HVDC breaker and current limiting
device
Subsynchronous resonance filters
Static VAR systems
High power laboratory test circuits
Fusion reactor coils
Transformer overexcitation
\oltage limitation during load rejec-
tion

HicH ENERGY CIRCUITS « Motor and generator protection dur-
Individual series stacks of metal oxide  ing transformer through faults
disks are carefully matched by GE tc* Internal transformer windings
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