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. - KSKAREL M0 DRY TYPT TRANSEQRMERS

A. ASKAREL TRANSFORMERS
N . In the lata 1520°'s and 0381 1030's the domand for eloctric power in
office and public buildings was incrcasing very np'ualy‘ The same was true to

an gven groator degrec fer powar in fictcrics. To provide such power tranaformers

of larger sizes had to ba providud.lt was desiradls to locate them insidu the
dulilding or factory inorder to roduce the nmtn“ sacondary bus runs for tha purpasa
of reducing power lossas and laproving requlation, To do so with oil fillca
transformers, in which tho oil may cousc an oxplosion and a fire, for safoty rcasuns,

tha transformex must be locatod in a fircpreof concroto vault which is axpensive to N
provids
. To provide a solution to this problem tr tacturers in The
Unitos States begen devclopmnnt programs in the pexiod from 1930 to 19)6. The fixot
ion to becoms ially avallahle was a transformer using a non-flammsble
itqutd instead of oil. This liquid, callod by the tradu namo Pyrancl, had no flash
_point and vould not burn and was devcloped by the General Eloctric Co. The hasic fluid
used oonsistod of chemicals called asrochlors, and trichlombenzine . In ordzr to ’
“'ba corpetitive other manufacturorsdevelopsd similar 1iquida. | The ane with which I am
- gamiliar is that of the wostinghouse Lldctric borp. which is uuod Inerteen, As a clase

uwu insulating uqn.hl- ar0. callcd ulu\:u-.

e

Xikarel transformors et ona t.i.u were used guito extensively in the United
"tates, perhap for 5 to 10 percent of the production in the range from 100 to 1500 XVA.
for voltages up to 2% XV, Thera is still a considcrable activity in these sizcs for
network and pcwer center transforwmars. lowever, €ry typo tranaformurs designod for #0°C
tamperature riso ss moasurod by rcairtenca, )2:- lin_‘_\g.cq! the pnl_taxel. transformcr for most

applications, Askarel nctwor). “rans{crmwrihave to seno oxtont resistcd the chargn sver
o dry type construction boozun: of the snace limivation on npoetwork spplicaticna.

Owoy oll insulated trangiorrwrs the 3skayc) had onn, and cssentially
,only onc, sdvantago; Askarcl vill net burp and the traneformer ¢nn 1'e used withoue
A fizcproof concrete vault incile buildints ond facteries. rakarel hao good powcr
dielectric st it The 8icl i of askarol is 2.4 as ermnazed tn

2.2 gor transformar oil whizh gives it an ~ivantagc over 74l in insulsting barricrs
sade up of shasts of pressboard sersratod by ducts. In A wniform diclectrie fi:ld
the atrese in dielectrics in scrics tavuracly as Q;c diclectric crnstany nf the
satarials, Por an. olil avd rreasbnard barrior tho struss in volts per inch is twice
as great in the oll as it io in the by with and agkarcl the
strose im nomly tho som: An the askarel as in the prosshonzd. Aokarcl can be used in
tzansformers vp to 34,5 IY.raximun,
’ A typical askarcl hao propertics as follows)

Pour point ~32°¢ e

Flash Doint none .

Viscocity at 37.§9¢ se 2 navl.\*lt.

Thermal cnpacity 0.251 calories pru gram p-x/a(:

N Rogintivity M~ orma/en’
Blakectrde eos s 2770 A bl gayclev)
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Hoat conductivity 50 Tm300 x .  gram-calories/°C/min
Density .57 kg/liter

i
! type of separation A, ptchc:rlc strongth-Kv
| electrodes inches Ocycle s, Folf wave arolse
i . oi T askarel o1l askarel
i .23 38 20 133 ‘150
! diso to .50 2 87.5 4 190 218
plane 1.00 73 98 200 280
' N 2,00 . 107 116 410 340 (.&8))
. Ttum to .61 . 16,35 7.5 39 36 [.92)
{ turn .04 27.0 29.3 &S 54 {.81)
] with paper .08 44,5 $0.0 100 80 (.74)
B tape .16 74.0 - 1717 -
” bisadvantages. of Askaxels
1. Cost -
' The per unit cost of askarcl was $ to 7 times that of oil whon it was first introducce.
! ) 1 40 not have a comparative cost for the present time which would show the effect of the
. Fegent soaring cost of potroleus products , The oost of is
R -~ 4 d by the ity for duplicate systems for storing, filvering, pumping and
N . processing oil and askarel. Cost of askarel is further incroased by the dou%le pass

.welds roquired for all tank and radiator seams.

. 2. Powar Fagtor

vt askarel bas a much highor power factor than oil. tor axmple

hee A pover fnntor of .05 ag cospared to .00l for good transformer oil.Zakaral ia

extramely sensitive to contaminants and the power faetor can ohly de maintained at an

soceptable value by keeping sll materizls in the cure and coll structure and the intarier

i surfaces of the tank and ccolors clean. Ordinary varnishes), qun.. glus of paint can aunt
b uaod. ’ .

3. Chomically Active

Askarsl is chomically voxy active and reacts with varnishus, palnts, ~n® tr-naf rm:e
" ©oil,vwith incroasses in power fnutox and docsoased dicloctric ntrangth.All tank welds
! st Do double pass wolda to nrevent leaks. Practically it iu nocessary to detcrming by
tost just what materinls are cempatable with tho particular form of askarel which it is
proposcd to use. Initially some sradas of pressboard were found to eontaminate the
askarol liquid and for a tioe two gradus of prossboard were stocked, onm for oil and
one for askarol transformors. iftor ¥Yomo yoars of uso o 146t nf compatable qw;:t.ﬂn
ean be accumulated. -

4. Durmatitie

A ainor disedvantago nf ackarol is that many Peoplc are llesmpic t° it and Lt mvy
cause & skin rash. In such caoc thu use of A protoctiV® ointmunt or ryspor gloves can
yive zoliel. MNost peoplo orc not affoc-ed. '

$. Spocific Gravity .-

» - ot a particular disadvanrage is the fact that askarel 4s haaviur than water. “ny
watar which caturs tho trrrsforsks or whizh may ba formed Lv henting and aging ¢f
colluluse insulaticn will rice to the top surfaca of the askarcl. Sawmpling valurs usesl tn
o”nh\ sasplos of the askarcl to tost for watar contant must be locacod in the tow laval
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O 'ol tho askarsl, It is undesirable that the water poing in the outtoat port of the

askarel tonds to flow down through tho coolimg tubgs of radiators end thon rises
again through the coils whero it can bo absorbed by the celluloso insulation.

6. Docospasition by an Eloctric Axc
A most sarious dofcct of askarol is that short circuits or internal faults which

cause arcing in the liquid produce water vapor anii hydrogon chloride(HCLiwhich in
oombination form hydrochloric acid. After a fault in an askarel transformer i{f tho
coroe and colls are not {mmcdlatcly removed from the tank and clcaned with a solvent
such as bonzons the cora and coils will be ruined. Stedl parts euch as the cors and
ths i{nside of the tank and"d“”'zonode nptdl.y following ah arcing fault., For a
minor fault, such l-.tﬁpn Shich produces Lnt-meun: arcing for a censiderable poriod
of timo without a complote broak down, tha production of hydregen chloride may badly
damage the transformer before tho trouble ie discoverod. Faulty electrical contacts
as kalted joints or even faulty brazes and p . can produce 50 called
dtowing arcs over long‘ptnod- of time without comploto breakdown. 7o at least partially
protact against thsse sffocts & chemical “GETTZR®,or scavangor 15 usually added as A

X of agkarel , Ths er reacts with and neutralizes the HCL until it {e
.nud up. Thie is helpful whan tho stewing axc doos not continue for too long a time.

7. ' Ispulse Strength

. ZE Although askarels havo high dislectric numqt.h against pour frequoncies the

" impulsc lmnﬁh against lightning or switching surges is conouonbl.y lower than that of
oil.. Por a $ osntimeter cap botween a flat disc and n ground plane the impulse stxangth

¢ of askarel is only 83 percont of that for oil.

IEY trm of tum' stvangeh betan Toder tezed elacerical .v:.t-!r.:e'rz wied 3 22liinsten:
of papar turn to turn has an ispulss etrength in askarel of cnly 74 percont of that in oil.’

" i Mhen ask are designed for basic impulso levels highor thaa 130 XVA.
the insulation clearances must be those of the noxt highur basic impulse level. So far
a9 I know askarel is not usod for transformers ovar 300 basic level{i4.5KV.class).

0. Explosions

N Mlun): liguids i 2 uot burn nor support combustion, but when subjocted to high
tempcrature or to an olectric are p tion aro o for tho
case of & high energy intcrnal fault onough gas can be p to rup the

tank. There cammot, » be A Y P duo to ignition of tho docompe~
sition products such as can occur with oil transformors. In the Unitod States askarcl
txansformors are gonorally suppliod with a proseurc reliof duvVico mounted on a handhelo
om the transformor cover. This is Set to open av a prussure bolow that which would ruptrue
the traneformar tank. It is fittod with a flange which permits tho attachmont ct

piping to carxry the reloascd gas and vapor to the air outside the building or vault.
Those dovices are dcsigned to roscal ae socoan as mu‘n"mi pr";.l‘:;:c:l which nmnu the
entrance of wuisturé into tha transformer tank.

B.PRY TYPE TIUNSFORIERS

Another solution to the problem af a oocwer umi!omr which can satoly be
installed insidc buildings "nd factories closs to the load it gerves was develcpad by
the Wostinghouse Electric Corporation and put into prodoction in 1936. This wee tho
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hrr typo } & transformor designed £Or a tempera <o riso by resistance of 60°C.
In the vary first transformor produced and in all subscquont dosigns every effort was
made to oliminate organic naterials from the dosign. For uso in factorios and
buildings the dry type transformor has lfrqoly roplaced askarel transformer, which
era now uscd malnly for sone network transformers and small power conter transformors.
Tor use in factories tho use of dry type transformurs is almost universal in the
United States. They have boon manufactured in sizes up to 3000 KVA. throe phase at
15000 volts in solf ooolod dosigns. %ith fans the rating of a solf coolcd disign cas
at low cost be nearly doubled. 5 wodified disign can be built and hermetically
soaled in a case filled with dry nitrogon or & high molecular woight fluro-carbon

gas which can be used or in ph whero explosive or dust in
P This p tho ultimate in transformer safety. Safety tests .
mado on such a 1{ aro di d in, tho 4 of tho Amcrioan .

Institute of Eloctrical Epginears, tochnical paper No.53~245, April 1953.
Liko any other machine dosign which must bo a compremise between cost, tho
dssizable dosign featurss which can be included, and-ahe undcsirable featurcs which

wast be oxcluded, tho 80°C rise dry type has ges and 4i
hon compared to other types of transformers. ‘

- AOVANTAGES OF DRY TYPE m&mmﬂ!n } :
3o Safety - .
Safaty 'is the primary advantago of the dry typo power « Such
oan be apd sro 1 on pi in the factory. dixoctly ovar the machine for which ..: *

thay lmly‘u'.'\ voltaga. "hey are w-vlufo.’i e plosion prec? £ wseti=)ly 2ira prec’,
While the moisturoc proofing varmish on the coils and core csn bo made to burn st very

high it 18 p 4in very small quantity, and burns foebly and is nearly

0slf oxtinguishing when tho power is switchod off. Binecs it contains no liquid the
transformer can safetly bo mounted in s light veight rhoot metal caso louvered for
wantdilation. -

2. Low Installation and Maintonancé cost )

Sinoe the insulationin A dry type transformer is muinly air the sizc and woight of
. the curo and colls is somowhat groator than that of an cquivalent oil or askarel

. tho 4 ion of the heavy liquid and uso of s light weight shcot

motal cass results i An ovaer all welght reducti Tho cesn ho 1 d on
& platform over factory machinas. Bus runs of olther buo duct of insulatod cablus in
oonduit can be usod. No provisiop.for handling liquid insulation are requirvd.

If the transformer is suwplicd with fans arrangcd to blow sir through the coil
wantilating duct tho woight roduction owor equivalent 1iquid installations is quito
large. In the dry type tranoformor thu cooling ait Firws dircctly over tha heat

gonaraf Ing surfaces, snd Ja much moro of ficdont thun the cooling fane directed on

oxtornal tank or radiator surficcs. ‘3
The dry type transfrormer is naearly miintonance frece. Usually all that is 3

xoquizod is to poricdically chuck to sco that tho coil surfaccs do not bocomo covurcd ;

tith Awst. 1f dust doas accunulate it must S92 wipud off or blown off with dry

comprossed sir. . - 2

3. 'Uso as Power Contors 2

In (e IS 0A Stateg AXy TYPE taele Mxuev ar9 {vecucntly pro¥sded vdek A Anad ) esk



. 3. Impulse Strongth

v

! air switch « the high valtage side. This switch 1. mounted in an extersion of tho

transformar case. It can bo provided with cablc torminals for connection to eithor load *
covered or rubbor insulated powor cables. Xlso it can be providod with expulsion
The case dusign is rado to match that of standard stecl clad low vell'.m)e switahs;
In such a powor centor the high voltage switch compartment, the ur cooled dry type
transfarmer, and low voltage swithgear can bu bolted togother to tom-a small power
centor or substation.

DXSIMITM‘:IS OF DAY TYPE TRANSFORMERS
1.  Cost
A self cooled dry type transformer has a coat comparablo to that of an askarel
transformer of equivalont rating. The higher cost is due to the largor ingulavion
clesrances which are rcquirod by alr insulation and by the high cost of insulating
matorials capable of with ding a of 150°C. these factors aro partially
sosponsatod by the climination of liquid insulation and by the lowar cost of the

-

u'lnl!omr case.
Dry type transformcrs pmld.d with fans can on & cost per XVA basis be duilt '

with casts comparable with oil filled tmng!or-o:l.

* A few words sbout the insulation materials used for dry type transformer st
prosent and in tho past might. clarify tho roasons for higher costs. Por turn insulstion
highly puritied ashostos paper, glass,fibor oovered wire applied with a varnioh,
and & paper sade of finvers of poly-amideimide have bosn usod. Asbestos is an erratic
insulator and is hygroscopic. Fiber qlass provides.no insulation but maintains an .
air separation wMich {s the insulation. It has boon succcasful for wvoltane up to
18 XV. Special coating machincs are roquizred to spply glass fibor to the conductor.
Polyssideinide paper such os Nomex made by Dupout Co. is an cxeallent insulation and
oan bo applied with standard paper taping sachines. It is possible to meke 25 KV.

© transformor with this matarial.

Radial spacers betoen disc type cnils may da made of porcolain blocks 9 m.a.

_ thich for windings up to 1S KV. Plates of glass-plastic such as qxuu.c can also

be uscd.
Spacors for vortical SB511 ducts can bo made from pyrex glass tubas or qluuc
type qlass-plastic scrips. ) :
Ths end blocks for tha ¢coils are best made of cylindrical goraolain insulacors . ;
with sharp edgas corrugations. . ;
~ Up to 15 KXV, the high to lovnnd low to ground barriors can be mado of & high- H
grado paper-phenclic tube thcmu'ly. curod by baking. Dusigns can bu madc by omitting
the low to ground barriss but by providing a eloar air duct. In the high to luw space
a claar air duct may bo used if glasa-silicone or silastic sheots are wrapped around .
the outside of the L.V.coil and coiled inaide the 1.V.coil. '
For protection against woisture both the coze und coils of dry type transformers
st be coatud with a high tumroratuce vernish., A voestinghouse varnish brsed on
polyamidoinides and callid Doryl is oxcellsat . Thore are alse avallakle silicone
varnishes. . . ‘

Dry type transformcrs do not have impulse strengths as high as do liquid t
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2i1led transfoivess. The “wrican Standards pei-tt & lower basic impulse level
and a lower power frequoncy tost as follows: '

Ingulation Dasic_Impulso levels gon,

Class XV Liquid Dry 1ypo Liquid Dry Type
2 . L 10 10 ]
5.0 5 k13 19 12
8.66 95 35 26 19

15 e 50 p L] b3

Tho {ustificaticn ls bared on economics and ona the fact that the transformers

aro ueed inside bulildings and factor.os on protocted circuits. Usually tho conncetion
to tho tranomizsion cixculit is Ly moans of cables and & lightning axrester is required

to bs logstod at tho polo wiiere tho connection ia wmade. Millione of connected XVA.

ard yoars of sarvice have justifind tha practice.

Scalod dry typa transformers which are suitable for outdoox use have the
aame insulation lovals as iquid fillod transformor.

"3, Limited Voltago Rauge

Vantilatod dry typo transformors wore originally made for 'voxnou 18 xv. and
below . lLator the wo of natex paper turn insulation and intorlecaved windings have

. puxsittod designs zog 25 XV. In the Uni%od States higher voltages are seldom uscd
.4anido bulllirgs and t:- torics.

4. Whon ino.alled in losatloas whore thers is cxecsivo dust such at uchent wills,
axplosiva dust as in grain ohwueérs. m.ploaive gasos as in mines, OF corrosive
gooes, tho vontilatod dry typo teansformer cannot e uacd unless such matarials
are excluded and a surply of cloan cooling ai: is pipod to the transformor.
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