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List of Standard Accessories

This manunl covars the accessories for Fuji large capacity transfarmers (over
15000kVA capacity), and the construction, functions, physical characteriatics,

@te. of the standard acoassories. Opticnal accessories liated in last page af this
manual,
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Bushing

Thu standard specification |s an ordinary
type bushing, no salt-pollution, brawn (n
colour, and no coordination gap provided
for bushing. ' -
Employed by Fujl how as transformar
bushings ara a salld bughing, condersar
bushing and spacer,

Solid bushing
(Plain bushing)

The solid bushing has the simples:
congtruction which lraves Insulation work
mainly to the poreolain tube, snd it is
being Used a5 the standard parf of updar
33kV closs, Fig. 1 shows the construction,
Gap betwean the centar conductor and
porcélain tube s kept filled with oil
comman 1o the transformer proper,

Full is ready to provide high current
bushings moira than listed Table 2,
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Cwnl 12004 Undiur BOOA
Fig. 1 Comtruction of salid bushing
Table 2 Dimenslonsl tabls of solld bushings
Nnrntnlikw Raterd | Dimensians [men] 4 =
villa QUFTEINT ¥ 7 Flango dia,
BILl -~ (Al f we . . A m Lt T
Gl G0 ‘QDCI (170 415 318 100 31133133
(BORV) 1300 100 51 70 820 220 200 ;:!:‘nn 33
2000 100 1170 640 390 250 10
Jaea 100 (170 G674 430 7245 230
i _ 4000 Wb 875 435 240 60
i 800 120 mb' 490 ar 120 (1435143
{HoKv 1200 120 [200 BO0 380 220 Ma3x143
[ 2000 120 (700 710 44d0 270 10
3000 120 [700 745 4R0 205 230
o 4000 (1200 e9b an 210 250
) 600 1 5‘:‘0} 80 510 180 210
{180k ﬁ\ﬂg 180 [270 7986 16 280 210
180 (2701 aan GES 330 230
2000 180 [270 230 6ah 328 230
33 ‘3%3 ;ﬂg”ﬁg' gﬁﬂ o e =
1 20 B20 Zi0 230
(200K V] 1200 210 (210 236 G256 a0 230
2000 210 (310 1030 67 300 750
3000 210 (310] 1066 7 aun 260
Nt (2) An far tha dimension W tis parentlsgiz-

1) Tha dimonslons show s Dashing aeing
ne wnl1-palluian 1vpe porcolnn b,
Moaraoer, lor over 226V, the bushing using
i 3E -raplnting porepla i fube can alio D
man fotared,

afl diimuanniant i sl usably sceording to
roquest for (netallation of BOT, The dimens
sipng A" and "l-."ﬁ&““fﬂbﬁ“‘ln-"nli st
paranthigizad dimeiaons ar omitted.

{3] Thies pranthosizod dimaiglions in thi
aoliumn "F monn those of souars flangh,



Condenser bushing

1) Oil-impregnated papar-insulated
condenser bushing ]

This is a candenser bushing of which
insutating material serving as the main
body of internal insulation is composed
of pilimpregnnted paper,

Fig. 2 shows tha constriction of this
condenser bushing,

Thu candenser core, after being wound, is
made by drying it in vecuum, and deasrat-
ing and impregnating with insulating oil,
and both air and il sides are coverad
with porcelain wbe. ,

The bushing has a seslad In the heyd
chamber and an oil gauge is installed.
Meraover, when using this bushing fitted
horizontally, it Is o constructed as to
allow sealing nitropon with a specisl
conservator put on the mounting flange.
Phata 2 shows BIL 1060kV bushings and
Phota 3 shows BIL 1800kV condenser
bushing.

-l charnbiey
Ol e

Patunlain
tube in s

Infulation.oll

' Condunner cure

Mounting Tlange

Poroalain
b i all

Fig, 2 Construction of oil-impregnated
papor-ingulated gondenger bushing

Phaota 2

® Dimansion of top terminal W -
Table 3 shows the dimensions of air-side top terminals of Fujii's stundard solid
bushing and condenser bushing.

Tahld 3 Dimangions of Hal terminals (Air side) (Uit mm]
Hated ppar IRl AR A =710
ELFTONT BOOA~BOOA 100012504 20004 J000A~3150A
e ozt i
| IJ ‘:—-Pa:‘_: o=t :l‘_‘lv'nf‘ ﬁ ﬁ;.
Bimenslom b 1 ..F‘-" ps
of flat 2 pf -t
tarminals . L L i E i
- K ﬂl' v
Rumarks. (2) Tha laliswing will net mippiied, terminal

(1) Thes @il aoply to the solld busking c:'l:u'l"q:.lh'ipi B, hdd, Balt b, nut, waghuar and

and condenmer tuslilng, provided the (hickneas  [oek wamhisf (a1l o1 thim aie made of coal sl

ol temlon) Tar the candange bushing i ?nivunhud of glvon i baked fnishl 5, )

aceerd g 10 the paronthesized dimenslons, 3) Thae dirreagiang will comply with JEM. 1396
{timansions of qolld bushing Tor transformar )
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2) Bynthatic-resin-bondod paper-insulated
condensar bushing

This is o condenser budhing of whlnh
ingulating mater(al serving as the main
body of internal insulation (s composod
of synthetic resin paper.

Photo B shows the construction of this
bughing. The center canductor, intulating
papur and condanser flim are complotoely
miade into one integral piece, and theieon
a flangs Is fitted, o .
Therefora, this bushing can be assambled
for ail to oll or oil to SF, tonnscting
canstruction,

They ara amployed Tor an insulation leval
(BIL) of over 350kV and solscted aceofd-
ing to the purpose of use.

Phota 4 Oll-filled typs cable junction bax

Fig. & Crous sactiane of cable junation box

o) Oiy wype
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Tranglarmar prapor

Coin guppiort

{bh Qi immorsed typs
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__Hand hiola
T Eonnactian jma

"_:_ _.Cnbin junetion b
~Cabily head

_=——Watar dratn |lgrp

__Coble

T consareator

_—Wal| builhing
Hand hole

Shinkd
Connsetion. i
Shieml

Chble junetian box
Calbila lood

Fig. o
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Spacer

The wall type condenser bushing has
Boen used for some tima far connection
b twenn o transformar Jeacdwire and a
cable ar GIS, But with this methaid tha
pannacting part must be made quite long,
andd the loadout of (vadwiies becomaes
complicated in 4 place where space fs
limited such as a pumping-up powir
statien or underground substation,
This spacer consiits of epaxy molded
iasin and fts interlar includes the electro:
itatic shields for alleyiating on eleetric
leld. WUso el the spacer enablos greatly
redducing the siza af this part, |t can ba
uind for th followlng purposes:
® Agnpartihon betwesn ol immoersed
pauipment sueh as cable Junetion box
{eorresponding 1o ol immersed wall
bushing)
® Ag g partition betwoen ol mimorsed
and gas aquipment such as GIS

Phpio B Spacor

—_—
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No-voltage Tap-changer

MNo-voltnga tap-changor & used For chang
Ing over taps foi valtage regulution afror
the transformer o Boen put in no.
voltago condition, and It canslet of

B changeover part and aperating devien.
For the nowoltage tap-changer, the
following twa types are available: cage
and revolving: "I"I‘I&y are usid acoording to
the scope of applications given In Table &,
Thu eontact 8 rade Trom capper or
aapper alloy and tinned for preventing
cappar sulfide from forming dud 1o active
sulfur cantained In oll, thus permitting
stable contaet ot all times,

Tablo 6 Applioations of various lypes
af tp-changars

~ Goopaol | | .
applica- | Momijool | Rated | Na, of
Lot | volings ourrent | tmow
Type of ‘\%
1A chadnga \
Under | Under | Under
Chwelypn | dowv | 1080 | &
Flavislying Chagr Unilui Uinelar
type Aoky 1000a | &
Photo 11 &
Ravolving 1¥pe

nn-valinge topahangor

Cage type
no-voltage tap-changer

This coge type is usied far transformars
with nominal voltage class of under
30kV, Phota 11 shows an example of the
congtruction, The [lxed contaet is [nstal-
leel on |nedlating shafts arranged on the
circumference, and the maving contact s
of clip type which holds the fixed contac
from both sides and s secured to tha
Insulsting rotary shafl at the center.
Whan this rotary shafi is turned, the
moving contaet thorts we lixed contuols
une taps are ghanged over in tdrm, Since
the cage type js small and tha insulation
closs is low, It is usually installad in the
uppar space of care.

Revolving type
no-voltage tap-changer

This revelving typo is used for trans.
formars with Insulation class of over
0KV, Since the naminal valtage class Is
high, the contact is cylindrical and the
wholé uinil is msde compact, as shown in
Phata 13, 1L is 50 arranged that the eylin:
drical moving contact shorts two reund
fixed contacts with the specified contact
pressure by 4 spring. The outslde of sach
fixed cantact & cavered with an insulat-
ing eylinder in order to raise the insula:
tion strength,

It e Inatalled at thi space Betwenn wind-
ing ane tank,




Operating device of no-voltage
tap-changer

I the mu-voltage tap-ehangar, the tap changing Treguency s (ess
thai in the an-load 1ap-ehangor, and therefore this operating
devige 14 Titted atop the transformar cover as @ standord, Fig, 11
shows the comstruction af operating doevice of cage type nnal
rovalving type nowvoltage tapchangers, When changing taps, the
supplisd handlo may bo Titted onta the aperating shaft afte
ramaying the operdting devica cover, and the shaft may be
wirned 1o the spacified tap position upen loosening the sefting
balt. On the oprrntitg device, a tap position indication plate s
fitted, which bears the same symbaol as the tap symbol given on
the tianalarmor nameplate, On completion of operation, thd
setting bolt should be serpwed in conforming ta the guids hele.
Qil-tightness at the shatt thru-part is maintained with an oll soal
as shown in Fig. 11, Further, a gnnknt in piovidod aven at the
coval sectlen of eperating dovice to allow transtormer operation
without any trouble even in case of an oll leak, Thus, o so-called
double seal construation s adepted. Aceording to requet, It |3
also possible to wrrange 1o that the tap chonging oporation cain b
maila on the ground by mechanical devies as shown in Phato 15
Mareaver, 4 na-valtags tap-changer should never be operoted
when the transformer is in eacited condition, To prevent the tap
changer from working with the transfarmer exclted, It s alko
possibla 1o arranga s that elreuit breakar is not closed while na-
voltage tap-changer (s in operation, by linterlocking with the
asperating cifoult of circult breaker

Painiter

Crpurating slmfi

Soiting jg Covor

]t

Gl

Tup poaitian
indeation glnta

Sdic Em
[Tw ]

O3] Wil
Tranfarmar covir

g, 11 Oparating devies of cage Bypa and rovelving typa
nosvsltago tep chanpors

Photo 14

(b

Phots 16 Mochanlesl dovies of eporiting on the ground. i



Cooling Equipment

The gooling systems of oilammersed transformars arp classiflod
as shown in Tahle 7. Description ol the sccossaries ised Tor
ardimary all-immirsed 1Rnslarmers i glvan,

Table 7 Cooling systems of oll-immaersed transtormars

il nn‘tuml—[ Oil-dmmuptied tatural-coolid typo

cieulation — @i-mmersed fareed.air-cooled type

Dil- type
i ol i
Fivarswet Faread-oil natural cooled type
lype :
¥p il torcad ~+—Foreed-oil Low naise coolar
cliculatlon | forcod-alr- Oredinary noise
typan confed type  cooler

Forced-oll watar -coalad typs

Panel type radiator

The self-cooled radistor is gane ally used tor the oil-immarsed
nitural enoled (ONAN) travifarmers, gnd in addition, it s usod
far ailimmersad fofced-alfcoolod type (ONAF] with coaling
tans installed on the radintor, and for ferced-orl natural-oooled
typa (QFAN] or forgod-oll ferced-ali-coalid typo (QFAF) with
all pumps combined. This redistar serves (o disporse hea
produced in the transformer eare and/or winding to the
atmosphore with tho natural convection of oil, conveotion of air
and radiating action,

A panpl type radiator |s used as s standared Tor the natural
coolad type. The panel type is made by searm-welding sheets and
is installed on the transformer tank with the conneoting pipo
from the header.

Maraovar, sinee a radintor valve 1§ Titted a1 the bottom of
raciatar, it 15 possibile te modnt and demaunt the radiatar with
all to caver the core and windings in the tank during fisld
aspambly. The construction of this panal type radiator is thus
simpla, eliminating cumbersame progedures in maintenance.
The radiatar s very depancable and durabis and used most
widaly for alldmmarsed transfermarns

Oildmmersed forced-ali coaled typa Improves the hoat transfor
Fate ot oif side by Blowing air Torcibly dnd raises the cooling
eificiency, with the coaling tans fitted 1o the radiator,

The coaling fans are inatalled an the side of the under of radis-
tar as showri in Fig. 12 and Photo 16,

Phoio 16 Coollng fan Htted 1o tha radistor u

Adi rolonsg 1angs

Litirg g

— Parmi typo tidletor

Cenibryg Thn (Cuss 1)

Drruin flarpa

lnsilar rdiator valya s .
Coackl g Taee {Cona 23

Flg. 12

10



Phote 17 Separataly installed forced-ail mif-coolod typs rodstor

Inthe oll-dmmersad forced-aircoslad type for economical
wperation of the transformer, (1 {5 alse possible to utilize the
natural cooled operation mode when load is low, and actuate
this cooling fang by energlzing the thermal relay according to the
temparaiure fise &f ofl whaeii land [neroases, And whure nocesan-
v, a step con be takon to divide the cooling fans into a few
groups for further raising the operational efficiency, Forced-oil
natural-caoled type ls mainly used as 8 soparato type cooler for
largo-capacity transformers with specilication Tor very low noise
and an example s shawn in Phota 17, That §s, with oil convect-
od forcibly through the oll pump and a propor oll velacliy
arnurad in the core apdfor winding, heat transfer rate to ol is
inhanced and ot the sama time loss in the piping between trars-
formar and separately (nstalled foreed-oll natural coalad
radiatol (& compuensated. (o this case howayver, not mich
improverment in the egoling afficiency of the radiator itselt can
be expected since the pir sida 15 given a natural cooling. Tha salt-
cooled type ridiator can alio be changed to a ferced-oll forcacd:
air-eooled type by cambining an oil pump and conling fans with
the radiator. Compared with tha farced-ail forced-air type
cooler, howaver, the amount of materials and [nstalling spaco
Increade although o great sell-cooling copacity ¢ ensured, Far
this reasan, such type i@ not amploved in general exeept in
spaginl voses.
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Forced-oil forced-air-cooled
unit type cooler

Somae timas, forced.ail forced:air unit coolar are emploind for
large capacity transformer. This is because [t provides greator
reductian in weight and installing spaca than the oil- mmersed
natural cooled type. Tha foreed-oll forced-air-coolad type cotler
15 a kind of heat excbhanger which uses air as a ceoling medlum
and cools the transformer oil clrgulating n the radiator tibe by
blowing air upon the tube forcibly through the cooling fans.
Fig. 13 shows the construction, Harein, tho cooler of ordinary
noige feval (s desgribod; tor one of low nolse leval, refar o the
sepatate data. For the radlaror tube, a finned ane s usually
s,

Tempataiurs difference batwosn aii and ol depends on the flaow
vata of ait and gil, However, lessening the temporature differ-
ence simply by incroasing the Tlow rate will causo loss in the
auxilinties and increase in noise. Ta improve the eharacieristics
of cooler, the heat trunsfer rate of ail and oil may be rmised,
This rate is determined ehiefly by the flow velocity of air and
oil, and theretare it can bo selected proparly from the relation
With riaisg,

[Alf rolome flanga

Faclintor,
tube

Flnelint e

Gl pump

arain vnilve

PAnd jator waulve

Fig. 13




Parts of unit type cooler

1) Fin wbe

For the forced-oil loroed-air type cooler, Type EF radiator using
fir tube {Photao 18) is employed as a standard. This fin tube is
made by putting a stoel pipe and many taperad disc fins
together Into an integral unit, and (t has superior heat transtar
property and durabliity. The tube Is mada of the material for
boiler steel tube to facilitate the wulding and assembly wark,
wnd sach fin is made of corrosion resisting aluminum.

Tha radiator tubes are arranged in the form of an oquilateral
triangle (zigzag) and walded directly on the top and bottom
headers, Singe the fins are made of alminum, proper countar-
maasures aro taken for singular corrosion or electro-corrasion at
the ends of steal pipe and fins, In particular, the fin surface is
provided with a tough oxide film by a forming treatment for
ensuting o great corrasion-ptaofing effect,

2) Cooling fan

Phote 19 shows thi nmrm( widw of cooling fan, "I’hn impatiar 15
given a proper twist in ordar 16 reduse noite withaut decraasing
alr valume, Tha impelier is couplad direatly with & threa-phase
induction mator and kapt dynamically and statigally balanced
with the mator. A westher-proaf, 1atally-enciosed matar is
nmplwnd mltfl"lﬂ putdoar use Intﬂ nmnum and thﬂfﬂ'fﬂfﬂ' thare
is na pass bility of ingress of moisture inte it, The bearing used
is alio af dust-proof and watar-proof type, and librication-fron
and groass sealed,

3) Ol pump

Fig. 14 shows the construction of oil pump: In this centrifugal
purnp, the impeller with many curved vanas Installed in the
cutlng is retated by & three-phate Induetion mater and anargy s
givan ta the transformor oil through the centrifugal action of
puimp, Tha teansformer ol| Is sucked up from the center by
ratation of the impaller, glvan kinalle eneigy and prassuii
inergy, flows out of the edge of impeller and is fed out via the
spiral ohamber (netalled outside the impelier,

As the mator remains immersed in oil, cooling of motor and
lubrication af bearing are done tagether by the oll, thus
aliminating the need tor parlodical lubrication of the bearing.

4) Qil flow indicator

Tha oil flow indlcator shows whether the oll pump (s operating
or stoppod and also shows oll flowing condition and 1t s fitted
in the viginity of oil pump. Phote 20 shows the external appear
anice of oil flow indicator, The blade instalied in the measuring
passagn is turned by ofl flow, and tha turning angle of this blade
is indicated through the magnetic coupling. Because of using 1his
magnelic coupling, there is not through part in the shatt, and noa
possibifity of oil teak. The nesdle indicates “Stop™ or “"Run®. A
microswitch is provided which turns to *'Close’ when the needle
ig ot *Stop”. The tarminals are fivted [0 erminal box mountaed
an the side of Indication sedtion,

Fhota 10 Fintuba

Phata 19 Coaling fan

Fig. 14 O pump

Photo 20 Ol Hlaw indicatar
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Oil to water heat exchanger

Thee teature of this type of heat gxehangor is that both Tuid ot
high tornporature sicle {oil) anel that at low temperature sido
(water] are Hould, and the unjt ean be madi mest compaet,
PFhote 21 shows a BOOMVA power tranglormer made sompact os
a fosult of employing this typa of haat exchanger. The consists
al & shell druem, heating tube, tube plate, partitien and oll guide,
as shown in Fig. 16. Gooling water is Hlowed inside the heating
tuba and oll is run to the shell drum side. For proventing
tharma| stress origing from temperature difference betwadn all
and water fram being genoratod batween shéll drom and heating
tubie, o shide sydtem has beon employed as p standard, which
pormits one and of tubs plote ta move froely (0 axial direction
without seeuring to theshell deum, For the heating tube,

A phasphorus-deax idized aoppai seamless fube i uied as

o standard.

The tubo plate, too, Is so selectad as to comply with the
inatarial of heating twibe, and batl are fiied securely to cach
athar with an expanding tystem,

At present vortical and horizontal type coolars aie svallable and
are usieel depending an the installing canditlons of transformars.
H i guality of cooling water used is imprapar, the haiting
tuba corrodes and the service |ita iz seriously shorened, There-
fore, Fujl has provided o stnndard far the quality of cooling
watar and always sxamings it bafore thie cacling witer |8 uied. It
in therefore requasted e conault with Fujl whan planning te
amplay sueh a cooler,

The correct maintenance and chocks of thy cooler are vary
impartant in terms of improving eoaling efficiency aned securing

Phnlﬂ 21

ralinbllity, Fujl thorafere recommends cheoking and gloaning ar o — = =
least onoe avery 6.to 12 months,
The samg ofl pump and oil flow indicaior as used for the Toreed- ;
il Torced-air-cooled type are attached as o standard. Al it i | ! | i
-4 l|| I
L !IJ l l I Ol guifeln
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Shatl diiing. "
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Fig- 15 Saetional view af ol to watar heat exchangor




Oil Preservation System

Conventional type conservator

Insulation ol sealed in the tramsformer changes volumentrically
according to variation in (ts tempernture arising fram changes in
tho atmospherig wwmperature and/or transformar load, Thi oil
rasprvoir space necessary for this velumetrie clibnge is

il consarvator,

This is conventlonal type condervator as shown in Fig. 16,
According to request, it is alsa passible to supply the rubber
bag or diaphragm-seal type consarvator,

"'Hﬂ\

: IL ||||||‘ |“

, "' "'thilfiﬁpll

Photo 22

[ O] lavin
| mchloatar

it i s H‘l
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Fifi. 16 Conventiohal 1¥[e conasrviles
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I
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Dohydrating
Bramtliar
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Oil Level Indicator

Dne side of the conservator, a dial typa :jll level indicator |s instal
led, Fig, 17 (llustrates the eonfiguration of dial type oil level
indicator. 1t s so construnied as 1o put a float on the oi surface,
transfer the up-and-down movement of the float ta the rotary
shatt through a lever, transmit the fotation via magnatic
coupling In oil-tight condition and mave the painter on the scale
plate. As the ofl level indicator for large-capacity transformers is

Photo 23

16

installed at a high position, the scale plate is kept tilted dawn-
ward slantwise for anabling easy reading from the ground. The

scale plate dags not Indleate the total amount of ol In the trans

tormer prapar but the rate of rotating angle of the float arm
with a dial scale of O to 10, An alarm contact is provided as
a standard which closes at a certaln lawer limit of oil level,

Tarm| ol bax

Tarminal
&

Magnit
Alarim doninet

Poliier

Fig. 17
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Buchholz Relay

Photo 24

IT any trouble occurs in the wansformar,
the insulating matorials are decomposo:d
and gas |s ganeratid, If the trouble js
minor, genaratlon of gas is slow, and gas
turns to Bubblas, which rise in oll wnd
pocurnulate at the top space in the tank
cover, On the othar hand, if the trouble s
major, gos is ganerated suddanly, ol
pressure in the tank nereases sharply and
ofl Hows toward the conservator of
pressure relief vent, A Buchholz relay s
installed in the course of piping berwoan
coendervaton and tank alming at eatehing
gos possing through tha piping or iocating
abnormality In the transformer with the
detection ol unurual all flow.

Of late, it has become & serious problem
lor system oparation that relays matfunec:
tion due ta vibration g4 the transformer
capacity becomes incraasingly larger, This
Buchholz ralay vaes a microswitch and its
anti-vilbration parformance is far greator
than that of the conventional mercury
switch type. (Table B)

Tabin & Ant-viliration performonos of
Buchhalz mlny fra*d
Graviationsl aogoolers
tign w whileh ng

nallunation aogurs
Huriganal | Yerrical
_Taating dovics dirpction | diraction
Shnungidal casillatisns
it vibistian table '5'3 ;"" ?ﬂp “3"
_10Hz continuoysly ! '
Impaee wanng device ggﬁ %"ﬂ

Construction, operation
and characteristics

Fig, 18 shows the construction of Buchholz
rilay,

1} Ini case of slow gas genaration

{No. 1 {loat operation

Bubhbles which have gone up 1o the top.
spaco I the tank ore collected into the
upper chambaer of Buchholz relay through
a gradient piping from the caver and hold
dawn the oil leval in this chamber, 1n this
case, No. 1 flost A turns with D as

a fulerum and lowars together with oll
level, When the volume of gas collpeted
roaghas 300 10 A60ce, the microswitch §)
works interlocked with the float A and
the contact clases, This No. 1 contact is
uswally vsed for alorm eircuit, Part of the
gide face of Buchholz relay case [z 8 trans
parent scale plate, by which the volume
of gas con be known whila abserving the
il level.

2) In case af unusual redusction in
conservator oll fovnl

(Operation of No. 1 and No, 2 Toats)

If the conservator oil level iowors
wnusually although there is no troubla In
the transformer. No, 1 float A oparates
first and then No. 2 float B trns [lkewlse

Cangurvator slds

Fig, 18 Comtruction of Buchhalz rilay

with E as a fulerum and lowers rogither
with il level. The momant the oll level
raaches nearly the conter height of
conmaeting pipe, the microswitch 5;
interlocking with No. 2 float closes. The
Mo, 2 gontact is ordinarily used for thi
aperition interiipting circiilt,

3) In case of generation ol sudden ofl
flow (No, 2 float operation)

I & sudden oil Hlow oecurs from the tank
to conservator, Mo, 2 flaat B operated as
abovementionad, and whon tha all flow
vilocity reaches 0.86 ta 1.16m/see, the
contact of microswitch 5, closes.
Buchholz relay operatas (n three ways as
mentloned above, and as an suxiliary
funetion, o floar locking unit g provided
which fixes the floats in transit, This unit
functions ta sink 2 floats simultanoously
and Tix thern at the specifiod pesition by
turning one operating shaft running
through the rolay cover, [t s dlso usabla
for thi aperational ehuck of No, 1 and
Na. 2 cortacts of the ralay which i (n
opertion,

Cautions on use

{1} lna nitrogen-sealed typo transfarmir,
there is a tase whare nitrogon separotos
from insutation oil and scoumlates in tha
falay when any chango comas about in
pressure or lemperature, 1t iosult n

No, 1 tloat working, and therefore the
Buchhalz rolay is not used as a standard,
instead, o sudden gas pressure relay s
emplayed,,

[2) When Buchhalz ralay and sudden gos
prossure relay or suddan oll prossure relay
are used tagether on reguest irespeet ve
of the type of tranaformer, it can be 5o
arranged @8 to use Buchhalz reley only
for Mo, 1 Haat and the sudden gas
pressure ot oll pressure relay for No, 2
oné,

(3) In a torced-oll solf-cooled trarns.
tarmur, ol flow |s generated on ocoasion
inalde the conservator Gonneeting pipa
tue to variation In oil pressure caused
duilng start-up or stop-page of the ol
pump, and it results in Mo, 2 float waork-
ing, In such a case, o step such as usd of

W time lmit lock or countarmeasuras an
conttruction will bi pecarsary,
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Thermometer

Dial type thermometer

Use malnly for tranglormars are o dinl type thermoemeter

The Tarmer is usad for measuring the lemporature of insulation
ail, and its heat sonsitive element |5 usually (nstalled anto the
maimum ol temperiture section of the tank cover and the
indicatoi part is provided on an epsy-tosee place ot tho side of
tank,

Fig, 19 shows the configuration of disl type tharmamutar. This
i af liquid pressure type and consists of o henf sengitive
alement, intermediate Flexible pipo and indicator part, The
interiar of heat sengitive metallle eylinder is Tiled with sealed
gas of |lguld, and varlation In the volume of prossiure arising
fram temperature change s transmitted to a Bourdon tubo
fitted ta the indicator part through the caplliary tuba n the
intermodiats Hoxible plpe. It this Baurdan tibe, varlation In
pressure is converted to a mechanical movament, the naadle is
maoved by expanding the movemant and temperature is indicat
o an the dial seale, The standard scale plate has graduations of
0 ta 100°¢,

Furthor, a dial typa thurmomater with a seale of =20 16 +100°C
I# avallable an request Tor use (1 cold areas,

The thermemuter suffigiently withstands shack and vibration
cauwsed in transit and/or ascillation in the tramformer oparatian.
The dial type thermometar Is [lited with one alarm cantac
(“MNO" contact) as 4 rule, and the setting of this alarm tempera:
ture is adjustable,

AISU, 4 maxirmum temperaturs indication polnter can ba
provided at request. This peintor can of course be roset vasily by
an outside control knob. As s pockel s provided for the hint
denditive elament, whan replacing tho metallic eylinder, the
elemant can bo removed and reinsialled without lowering the
ail level In the transfarmer propao
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Pressure Relief Device

Application

The pressura reliel deviee play a'vital role
In the protection of transtormers, Trans:
formars are fillad with ar insulating and
coaling liguid, Should a fault or short
cirouit oceur, the aro instantangously
vaporizes the liguid cabsing axtreamaly
rapid buildup of gaseous pressure. If this
prosaura (s not ralleved adaguartely within
seversl thausandths ol a second, the trans:
formor tank will tipture spraying flaming
oil ovar a wide area, The demage and fira
hazard possibilities of this consoquance
are abvious, and It (s imperative that
reasures be taken to prevent tham,

Goma installations employ porventional
slowacting pressure rellef devices as the
means to prevant the disastrous effects of
a fault ar short eircuit; but It |5 most
Irnpariant to note that thesd conventionsl
devices da nat respoand quickly enaugh o
raliovi an instartaneous prossure biildup.
The design of the presure relie] device,
howivar, |5 sueh that the sansing and
retief of dangeraus prassure inoreases are
sccomplishod immaodiately, Full valve
opanlng accurs within 2 millsooonds,

Design and operation

Tha pressure raliel device 18 pssantially

o spring-loacled vulvir having o unigui
mieans of providing nstantaneous amplifi-
catlon of actuation Toree. In the Fig, 21,
tha unit is :huv&n mounted on the trans-
formar by lugs on Hangae (1) and saalad
by mounting gasket (2), Valve disk (3) is
spring-leaded and sealed agnins gasket
rings {4} and (5) by springs (7). Valve
operation isaffacted whan the prossure
acting ngainst the arda defined by gosket
ving {4} uxceeds the opening pressure
established by springs (7). As disk (3)
moves upwards slightly from gasket ring
(4), the transformar pressure then quick.
ly becomes exposed to the disk s of
thirdiamueter of gasket ring (5], resuiting
in o groatly increased foree, and cousing
Immadiate full apening of the valve
corrasponding to the clomed haight of
the springs (7). The transformar pressure
Is rapidly reduced to normal values and
springs {7) retuen valve digk (3) 1o the
closad position. A minute bleed port 1o
outside from the volume entrapped
between gasket ring (4) and goskat ring
(5] pravents. inadvertent valve aparation
i tha event that fareign particles on
gosket ring (4) present an imparfoct ring:
toeclisk seal,

A liright ealar-coded mechanical indica-

Fig, 21 Gutway drawing of pressure ralisf devics

tar pin (B) in cover (B), althaugh nat
fastaned to valvs digk (3) meves with |t
during operation and is hald in the valve-
fpEn position by an O-ring in the pin
bushing, This pin is clearly visible from
a great distance, indicating that the unit
has functioned, Pin (8} miy be reset by
manually pushing it downward untll It
rests on valve disk (3),

The roilof dovice can be pravidod with

4 senfed, waather-proof alarm switch
assembly (8] mounted on the caver. The
switch assembly included a single-pale,
double-throw switch having a 3 con-
ductor cable for connestion to a remota
ularm ar signal device, Actuated by move-
méent of valve disk (3}, the switch is
manually reset by arm (10),

Relinf prossure settings:

The normal oparating préssute for most
instaliation s 0.0BE MPa .
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Dehydrating Breather

The configuration of the dehydrating
breather is shawn in Fig. 22. The atmot-
pheric air goes in and out automatically
vin silicagel In the duh\(drlting braather
secording Lo dotlarence betwaeh tank
internal pressure and atmospheric
prassure, The silicagel is contained in

i stael plote eylinder, and o window Is
provided through which the molstenad
condition of the silicagel can be checked
visually, In order to pravent tha silicagel
from absorbing malsiure from the atmos-
phare by contacting it at the port opened
to the air, the silicagel is kept shut off
from the atmosphere by sealed oil.

Faor the dehydrating breather, blue:
coloured globular silicagel used. When the
silicogel ger moistenod, L turns plink, and
therefore it discolouration of the silicagel
is recognized through the inspection
window, the silicagel must be axchanged,
The moisture absorbing ability of the
sllicagel can be rocovered by drying with
Pieat until the colout tins blue again,
Thus, this silicagel can be uud repeated-
Iy, 'I“n faclitate malntenance of the
duhydrating breather, the inspection
windaw is provided at a position which
provides easy obsarvation of the dis-
caloured condition of silicagel when
about 70% of the sllicagel has becormnes
rolstened.

19

'I':l-h:m'mvlh'ml ar 4l tank’

Cannecting flangs

EL'HImnni' Il

Bahidrating mgent
(Sioagal )

&liinngni
eutlet

Alr sual

Alrpipe______~"

Mol ol lavil roc s S
Ol qup Laorylio resin] _ Sl cli

{Tranilgnnar g1}
Catall ol alr wnl

Flp. 22 ﬁihvgl rating breather of -ﬁrlnlqlll tvpe

Phato 27

Photo 28

O




Valves

Bellows type valves

The bullows type valve is generally used far oll-drain of main
wnk, canservatar and other oll-immersed fitting if applicable
of the transformer, Each valve hald tha oll-11lling valve or
vacLium valve @1 the instdllatlon,

Fig. 23 shows the corstruction of bellows type valve,

Flap type valve

Flap type valve is installed botween main tank and panel type
radiator, unit typa cooler or oil o water heat exchanger and
butween corservator and Bughhalz relay, 1t Is aperatad 'ﬂith
standard attached toal, locked by shatft clamp plate. Tha opan

or closn conditian of the Tlap Is indicatod on the shaft clamp

plate as shawn 16 Fig. 24,

Hallowi

Fig. 23 Congtrustion of beilows type vilve
Thn shee wiil gomnply wits JIE Sunclar

Photo 28 Dutar view of bellows type valve
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Earthing terminal

Earthing términal as shown in Fig, 25 is attached for
grauntding of main tank.

Terminal
[Hat dlp golvanizx
feluit | galiitend

Balt nut
an wiishaf

{Bo~260mm® )

Fig, 25

Photo 30 3]

List of optional accessories
Bank number plate

Rubber bag type conservator
Diaphragm-zeal type consorvator

Nitrawﬁ seal conservator and its sccessorivs
Main circuit terminal

Bus duct flonge:

Alr and/or il Tilled HY calsle junation bex
Winding temperature indigator

Rusistance bulb

Diaphragm typa pressure relief device
Sudden prassure relfpy

Qi flow relay for an-oad tap-changar
Laddar

Antl vibratian pad

Whaal

Anchor volts

Bushing type current tranafariner

Coaler contrel cublels

On-load tapahanger control cubicle
Oilpurifier for on-load tap-changer
Dummiy insert for an-load Lap-changar
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