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SORESTER

Metal Oxide Surge Arrester

ZSE-E Series



Meidensha Corporation was the first company in the world to pioneer the
development and commercialization of metal oxide gapless surge arresters
(MOSA). As a result of our efforts, the world’s first MOSA was delivered
to Kyushu Electric Power Co., Inc., in 1975 and since then about 300,000
gapless surge arresters (AS of 2017) for 3 to 500kV power systems have
been delivered to many electric power companies and utilities in Japan
and overseas. This MOSA was awarded an IEEE Milestone in 2014 by the
Institute of Electrical and Electronics Engineers Inc.

We have named this gapless surge arrester the SORESTER (SOLID-
STATE SURGE ARRESTER). The SORESTER (ZSE-E Series) is a pure
gapless surge arrester which operates
without series or by-pass (shunt) gaps. This
is possible in large part due to the fact that
the SORESTER incorporates ZnO blocks
with extremely outstanding voltage-current
non-linear characteristics and an ample
discharge current withstand capability.

M Principle

The silicon carbide (SiC) elements which are employed -~ Electrods Electrode

as the characteristic element for conventional arresters are @sm particles Zn0 grains

obtained by sintering solid contact SiC particles of about - jyft;imzr-ea bond ﬁﬁ;? gfc.unm
onding agent) high resisthaty

200 microns using clay or other porcelain bonding agent, ﬂaectmde ~Electrode

and its voltage-current non-linear characteristic is obtained {a) BiC element b Zn0 elerment

by the properties of SiC particles contact. On the contrary,

the sintered element (ZnQO} using zinc oxide as the main

companent is composed of fine ZnQO crystalline particles

of about 5-10 microns, surrcunded by very thin high- Fig. 1 Structure of Element

resistance layer, in such a manner that the sintered Zn0

particles make contact with each other through this thin

layer. Its non-liner characteristic exisis at the boundaries

between these sintered particles, and these boundary Residual voltage

layers are laminated innumerable. (Fig. 1) ZnQ element

The resistivity of the sintered ZnO particles is far lower

than that of the boundary layer. Accordingly, when a high SiC element

voltage is applied across ZnQO element, almost all of this % Normal line to ground

voltage is applied to the boundary layer to produce a current § voltage

multiplication phenomenon, making an ideal non-linear Leakage current Power follow | Surge

characteristic between voltage and current. {Resisitive component) current current

As shown in Fig. 2, follow current flows at normal line-to-

ground voltage in the case of SiC element while it scarcely 10-1000A 100 500A TOKA

flows in the case of Zn0O element excepting capacitive
current. As a result, Zn0O element substantially serves as
an insulator at the normal operating voitage and does not
require any series gap.

Current

Fig. 2 Voltage-Current Characteristics of SiC Element
and Zn0 Element

BFecatures

1. Stabilized protective performance

Since the SORESTER operates without series gaps, its
protective performance is stable. Also, the SORESTER has
an excellent response against a steep wave front voliage.
Compared with conventional arresters, therefore, the
SORESTER has excellent protective characteristics.

2. Improved operating duty characteristic

Since the ZnQ blocks have high non-linear voltage-current
characteristics, they do not permit the flow of follow
current caused by AC voltages. The amount of energy
abscrption is smaller than that for any other conventional
arresters, Thus the operating duty characteristic against
multiple lightning and multiple switching surges is greatly
improved.

3. Improved capability to withstand discharge
current

Compared with conventional SiC blocks, the ZnO blocks
have a high capability to withstand energy. In addition,
the SORESTER enables the use of ZnO biocks in parallel
arrangement. This makes it possible to manufacture
arresters for ultra-high-voltage systems and HVDC systems
where extremely heavy operating duty capability is
required.

4, Compact and light

The volume of internal element blocks in only 1/6 to 1/10
that of conventional types. This feature is highly effective
in the reduction of overall size and mass of the unit. In
particular, the SORESTER is extremely suitable for use
with compact substation or integration with other equip-
ment units.

5. Improved reliability

High reliability is assured since the SORESTER has 3
simpler construction and fewer constitutive components
than conventional types.

B Performance

1. Applicable standard

SORESTERs of the ZSE-E Series are manufactured in
accordance with IEC 99-4 (1991). Table 1 shows the major
ratings of the ZSE-E Series, and Table 2 shows its protec-
tive characteristics.

2. Continuous operating voltage

Continuous operating voltage {COV or MCOV in abbrevia-
tion) is a permissible rms value of power frequency
voltage that can be continuously applied between arrester
terminals. This value is specified in Table 2. When ap-
plying SORESTERs to a new system, it is essential to
confirm that the highest system voltage does not exceed
the SORESTER's MCOV multiplied by /3.

3. Temporary overvoltage capability

Fig.3 shows the power-frequency-voltage-versus time
characteristics specified for SORESTERs of the ZSE-E
Series. The temporary overvoltage curve indicates the
capability available after surge energy specified by IEC has
been absorbed. Fig. 3 shows the time range from 0.1 to
2000 seconds. If an overvoltage continues for more than
2000 seconds, however, queries should be made to
Meidensha Corporation or the arrester rated voltage should
be selected so that its overvoltage is identical with MCOV.

4. Energy absorption capability

The energy absorption capability determines the amount
of energy to be absorbed during operating duty test for the
IEC Standard. ZSE-E1, ZSE-E2 and ZSE-E3 types belong
to Classes 2, 3 and 4 respectively. Their energy is the total
of long-term current impulse absorbed twice. It is always
the absorption energy measured after preheating at 60°C.
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Fig. 3 Power Frequency Valtage versus Time Characteristics

Tahle 1 Major Ratings

Type of SORESTER ZSE-E1 ZSE-E2 Z5E-E3
Rated voltage:Er {kv)| 3~198 18~444 | 240—~444
Max. continuous
operating voltage (kW 0. 78Er 0.78Er Q.78Er
Mominal discharge
current {kA} 10 10 20
Line discharge class 2 3 4

Discharge current
withstand capability {kA} 100 100 100
14/10us, 2 shots)

Energy abscrption capability

{k.J/ k¥ -arrester raiting, 4.5 7.5 a5
within one minute}
Prassure relief current  {kA) 40 40 40

Residual voltage level at
nominal discharge current 2.74 2.45 2.53
{per unit of kY rating}

* Data other than shown above will be provided upon request.



5. Pollution characteristics

SORESTERSs of the Z5E-E Series are designed so that their
creepage distance is suitable for 16mm/kV—the highest
system voltage. They are, therefore, not a pollution-resist-
ant type. Salt deposite density must be for use below
0.01mg/cm?.

The creepage distances of the ZSE-E Series are specified
in a separate table. if a SORESTER is to be installed in a
high-pollution area where it calls for a longer creepage
distance than mentioned above, queries should be made
to Meidensha Corporation.

Table 2 Protective Charactgristics

{a} Type ZSE-E1

N_Iax, Max. residual voltage with current wave
v‘;ﬁ‘:: 3 c;):;r::i?":s Switching surge 8/20us 1/2us
voltage 126A, 500A Tka SkA 10kA 20kA 10kA
(kv rms) k¥ rms} RV crest) {kV crest) kV crest) (kW crest) {kV crest) KV crest} {kV crest)

3 2.3 6.1 6.5 68 7.8 83 9.2 9.2

4.5 35 9.1 9.7 102 11.6 i2.4 13.7 13.7

& 4.5 121 129 1356 15.4 16.5 182 18.2

75 58 151 16.0 168 19.3 20.6 227 227

9 70 181 19.2 20.2 23 247 27.2 27.2

10.5 8.1 211 224 235 26.9 288 317 37

12 93 241 2h8 2649 30.7 329 352 362

15 1.7 301 320 338 384 41.1 45.3 453

18 14.0 36.2 384 40.3 46.1 49.4 54.4 54.4
21 16.3 425 45.1 47.4 55 58 64 64
24 18.7 48.3 52 54 62 66 73 73
27 2.0 bb 58 61 69 74 82 82
30 234 a1 Bo 68 78 83 92 92
33 257 67 Fal 75 856 91 1M 10
36 28.0 73 77 81 a3 99 109 109
39 304 79 84 88 100 107 118 118
42 327 86 ag 95 109 116 128 128
48 374 97 103 108 124 132 146 146
54 421 109 115 121 139 148 163 163
60 468 121 129 135 154 165 182 182
72 56.1 145 154 162 185 198 218 218
75 58.5 151 160 168 193 2086 227 227
84 655 169 180 188 2186 231 255 255
90 702 187 192 202 231 247 272 272
a6 748 194 205 216 247 264 291 291
102 795 205 218 229 262 280 308 308
108 84.2 217 230 242 277 296 326 326
120 9386 241 256 269 o7 329 362 362
132 102 265 282 296 338 362 399 389
138 107 278 295 310 354 379 417 417
144 112 289 307 323 368 395 435 436
150 17 301 320 336 384 411 453 453
168 13 338 358 376 431 461 508 b8
180 140 362 384 403 451 4584 544 544
186 145 374 396 418 476 510 561 561
192 149 386 410 430 492 527 580 580
198 154 398 422 443 507 543 598 598

(b) Type ZSE-E2

Max. Max. residual voltage with current wave
vi?ttaegde cg:;:';%?‘;s Switching surge 8/20us 1/2us
voltage 250A 1000A 1kA BkA 10kA 20kA 10kA
{kV rms) (k¥ rms) {kV crest) {kV crest} (kV crest) k\ crest) (kW crest) (kV crest) {kV crest)
18 14.0 34.6 36.7 371 41.3 a4 1 47.8 48.6
21 16.3 40.8 43.3 437 48.6 52 57 58
24 18.7 46 3 491 49 6 56 59 64 65
27 21.0 b3 66 57 63 67 73 74
30 234 58 62 63 70 74 81 82
33 25.7 64 67 68 76 81 88 80
36 28.0 70 74 75 84 89 97 98
39 304 76 80 81 90 96 104 106
42 327 a1 86 87 97 103 112 114
48 374 93 99 100 111 118 128 130
54 423 105 111 112 125 133 144 147
60 46.8 116 123 124 138 147 160 162
72 b6.1 139 148 149 166 177 192 195
75 585 145 153 155 172 184 200 203
84 60.5 162 172 173 193 206 223 227
80 70.2 174 184 186 207 221 240 244
96 748 18b 197 199 221 236 256 260
102 79.5 196 208 210 234 250 271 275
108 84.2 208 2 223 248 265 287 292
120 93.8 231 245 247 275 294 319 324
132 102 254 270 273 303 324 351 357
138 107 266 282 285 317 339 367 373
144 112 277 294 297 330 353 383 389
150 117 289 306 310 344 368 399 405
168 131 323 343 347 386 412 447 454
180 140 346 367 n 413 441 478 4886
186 145 358 380 384 427 456 494 502
192 149 370 392 396 441 471 510 519
198 154 381 404 408 454 485 526 534
216 168 416 441 448 496 530 574 583
240 187 461 489 494 550 588 637 647
246 191 473 501 507 564 603 653 664
258 201 496 526 531 591 632 685 696
264 205 507 538 544 605 647 701 712
276 215 530 562 568 632 676 733 745
288 224 563 587 593 660 708 764 777
294 229 565 599 605 674 720 780 793
300 234 75 611 618 687 735 796 809
312 243 599 636 642 716 7656 828 842
336 262 646 685 692 770 823 891 906
350 280 692 733 741 825 882 955 971
372 290 715 758 766 8562 911 987 1005
396 308 761 807 815 907 970 1060 1070
420 327 807 855 865 962 1030 11156 1135
444 346 853 904 914 1020 1090 1180 1200




{c} Type ZSE-E3

Max. Max. residual voitage with current wave
v?;?tt::e cg::rg;’i?_lgs Switching surge B/20us 1/2us
voltage 5Q0A 2000A 1kA 10kA 20kA, 40kA 20kA
{kV rms} (kY rms) {kV crest} (kV crest) (kV crest) {kV crest] {kV crest) (kW crest) {kV crest}
240 187 481 492 480 562 606 665 668
246 181 472 504 492 576 622 681 685
258 201 495 529 516 604 652 714 718
264 205 507 541 528 618 667 7 735
276 215 530 565 552 646 697 764 768
288 224 653 580 576 674 728 797 802
294 229 565 602 588 688 743 814 818 .35[}. Line terminal
300 234 576 615 600 702 758 831 835 1o} i
312 243 599 639 624 730 788 864 868 -
336 262 645 688 671 786 gag 930 935 @—)
360 280 691 737 719 843 909 997 1000 25 e terminal *_Jlf;?gd,
372 290 714 762 743 871 940 1030 1035 o ' I
396 308 760 811 791 927 1000 1095 1100 62? . _ Ty gt
420 327 806 860 839 983 1080 1165 1170 25 . Line terminal . *
444 346 852 909 887 1040 1120 1230 1235 6... Line terminal o - |jse , 14230 |
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j__L, Earth terminal :
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Earth terminal

® Type ZSE-E1

Ingtallation plan Insulation withstand voltage®'
Rated Blrereiom Termir_ral Approx. Approx, Glrading Creepage

V?E\?’?e diagram d:jrgzr:zﬁn he{rr?]:: J:H ngs]s r{lgg m ? dl?;arz‘)ce P LE Powe:{' Vf\rlrc;gur-znc:\,r Fsnse

{mmy} {mmj {KV rms) {kV crest)
3~10.5 {1} {at 425 11 — 205 320 185 18 a8
12-18 12) {a} 450 13 — 289 370 230 29 65
21~24 2} {al 530 15 — 492 415 275 39 86
27-36 (3} {a) 710 27 — 877 510 365 58 129
32-48 13} {a) 800 30 — 1096 610 465 78 172
54--75 {3} {a) 1010 37 — 1628 820 660 120 268
84102 {3} {a) 1220 44 —_— 2160 1080 890 164 364
ii‘i_:: 108~120 {3} {a} 1360 43 — 2563 1200 1025 192 428
132~150 {4) {b} 1860 72 500 3256 1730 1380 240 65356
168 {4} ib) 2060 79 500 3788 1870 1520 269 800
180~198 {4 {b} 2270 87 660 4320 2280 1830 317 706

Note: «1 The listed values are equal t¢ minimum requirements according to the proposed JEC standard.

Type ZSE-E3 420kV
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(5) (6) {8)
® Type ZSE-E2
) ; Installation plan Insulation withstand voltage*!
voltage Dimension dimansion | hipaniH | “bose | tingD | dmanee | e LE | Powerlequency | impuise
{kV) diagram {mrm) {kg} {mm) {mm] {mm) {mm)} KV rms) (kY crest)
18~24 {5} {b} 630 35 — 666 445 280 33 77
2736 {5} b} 720 39 — 877 536 365 56 116
3948 {b} (b} 210 43 — 1096 625 450 75 164
54~75 {5} 1} 1020 52 — 1628 815 630 1% 240
84~102 {5) b} 1210 60 — 2140 1000 850 156 325
108~120 {5} b} 1370 67 — 2563 1150 950 184 383
132~150 {6} b} 1870 85 800 3256 1600 1270 230 479
168 {6} {b} 2060 103 500 3768 1730 1390 258 536
180188 {6 {b} 2250 112 650 4280 1880 1600 285 593
192198 {6} b} 2410 120 650 4703 2100 1670 303 631
216 (6} {b) 25870 127 650 5126 2230 1790 3 689
240278 (7 o] 2980 250 750 7085 2760 2240 — 879
288~300 {7) {o) 3240 270 960 7950 3160 2520 — 856
312-360 {8) o]} 3960 370 1400 9330 4070 3150 — 1147
372396 9 {b) 4540 450 1400 10625 4320 3390 — 1261
420444 (9 {b) 4930 480 1400 11925 4660 3720 — 1417

Nate: «1 The listed values are equal to minimum requirements according to the preposed IEC standard,
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® Type ZSE-E3
Installation plan Insulation withstand voltage*!
Rated " ] Terminat | Approx. Approx. Grading | Creepage
voltage Dé?r;e?::ﬁn dimension | height:H mass ring:D distance LP LE POWEEJ\'ES”B"CV Impulse
kV} 9 diagram {mm} {kg} {rmrm) (rm} {mm) {rnmj} {kV crest)
{kV rms)
240~276 {7 {b) 2980 260 750 7088 2830 2300 — 907
288~300 {7 {b) 3240 280 960 7950 3230 2580 — 986
312~380 {8 {b) 3960 380 1400 9330 4150 3220 — 1182
372~396 E]] b 4540 470 1400 10625 4400 3470 — 1300
420~444 % ib) 4930 500 1400 11925 4750 3800 — 1456
Note:  #1 The listed values are equal to minimum requirements according to the proposed {EC standard.



B Construction

SORESTER accommodates Zn0O blocks inside an
insulator housing and seals Zn0 blocks by a suitable
clamping system using guality synthetic rubber based
on the gasket system of an angular sectional ring which
has been proved from its long term experiences in
service conditions. Containing a desicating agent,
SORESTER is free from any fear of moisture absorp-
tion, deterioration, etc. for a long time.

2. The pressure-relief structure is designed with a thin
pressure-relief plate provided at the top and bottom of
each stack in such a manner that these plates shall
break at fow internal pressure. Accordingly, even if
SORESTER should burn out due to an unexpected
duty, the insulator housing is protected from being
broken and flown asunder to prevent injuries and
damages to surrounding equipment.

3. The internal structure is very simple, that is, composed
of stacked ZnQ elements only, thus giving features of
high reliability in assembling transportation. Figs. 4
and 5 show the inner view of SORESTER.

M Accessories

1. Standard Accessories

{1} Clamp type line terminal

{2) Clamp type earth terminal

{3} Insulation base

{4) Grading ring (above 132kV rating)

{5} Mounting bolts and nuts

2. Special Accessories

The following special accessories can be furnished to
order with extra charge.

(1)
{2)
(3}
(4)

Surge counter

Surge counter with leakage current meter
Surge recorder

Special terminal

Line terminal

Pressure relief plate
o LIEUS

Gasket Upper cap _

Insulator

—

ZnQ element

Lower C:"lﬂ_

.'IIII{_ -

/ Earth terminal

/ Insulator

', Mounting base
.

Fig. 4 Construction Drawing of
Type ZSE-E Series (216kV below)

SORESTER
Pressure relief plate Line terminal
W
Dl f l Insulator
il
Gasket :
s

i Zn0 element

Height adjuster
Insulating rod

]
- Gasket
Lower cap IBE
P m Earth terminal
Insulater I T 1 —
Mounting base ‘:% Fﬂ =

Fig. 5 Construction Drawing of
Type ZSE-E Series {240kV above)
SORESTER

Notes for Installation

Keep vertical position during the period of removal or
storage of SCRESTER.

SORESTER must be handled with special care so as
not to give strong impact,

To prevent contamination or mechanical damage of
cther important equipments from gas or arc as the
result of the operation of pressure relief device, at the
time of SORESTER installation keep appropriate
distance from other equipments.

Information Required When Ordering

The following information for inquiries and ordering:

Since the information in this brochure is described only for standard type arrester {porcelain housing) of Meidensha
Corporation, some of data are not applicable 1o special application. In such case, please contact Meidensha

OO -NDO W=

Type of SORESTER
Rated voltage

Nominal system voltage, highest system voltage and neutral earthing conditions

Long duration discharge class {Arrester classification)
Pressure-relief current

Color of porcelain {for color other than brown)
Creepage distance {when used in contamination area)
Special accessories

Other special requirement

Corporation. Moreover, all data are subject to change without notice.
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