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APPENDIX

The table in thi= appendis 15 miended as a general 2uide 10 the classification of a number of particulur
insulzting materisds,  This chissification must net be considercd mandualory since only experience or
adequute acceed 1235 should hinally gstablish remperature limits.  Moreover, no list of materials can
be comprehensive. sincy new insulsling materialy are constantly being developed.

itis also recommesed that:

ti} Mauny materisls are aviilable in s numher of variants of differing thermal slability;
(i3 The thermal stahility of some maerials is affected by the wuy in which they are combined with
odher materils;
(i) The suieabilily of some materials for use in u patticular class depends upon the function which
they will he called upen 19 fubfil.

Iy vivw of these factors, the manufactorer of apparatus should sutisty himsell that Biis selection of
mraterizhy for amy partcnlir upphication is appropeate (@ the condivons of service involved,

In the table. the materials in el ehiss-are divided into a prinaipal List end & subsidiary list. The
principal Tist comprises materils peneratly acvepled I the class under consideration.  The subsidiary
fist comprises malerialy of whch sonie expericneg is ivailahle but whose introduction inta the class under
considermtion v nol umversally aocepled.
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TABLE

Materials shown in Column 4 are those dwsed by the manufacturer of the insulating produoces listed in Column 3,

those used by the electrical manufacturer for the treatment of windings and equipment.

Column 5 those which are appropriate for use w'rthxlhc selected products from Columns 3 and 4.

The materials listed in Column 5 are

Far any purticular class he should chnuﬁn.;rf'ram the milerials in

epoxy and polvester resins under severe mechanical stress may be limited 1o Closs A lemperature.

1 2 k1 5
. Bonding, impreg- Impregnstng
) nating or coating sulbsffoces (%)
N substances (%) shilil gy b
Class Insulating Malﬂriu% uwseld in {he iised-fil 1he |
— manufacture of preatmen of the
the materiil Psa i et
inColumn 3 LERETIR ]
. B - - i N il |
Y Principal Cotton None MNone reguired |
Matural silk
Regenerated cellulose fibre
Cellulose acetate fibre
Polyamide fibre
Paper and paper products  9wiavnsaluuiing s
Pressboard CHuLALONGKORN UNIVERSITY
Vulcanized fibre
e
N ~ Wuqd 4
. Antline-formaldehyde resin- "
Urca-formaldehyde resins |
Subsidiary Polyacrylaes y _ None Mone: regiined
) yacry | May be limiled (o less Hhan S0° O by I
Polvethyleny "
: I softening lemperalirs
Polystyreme
Polyvinyl chloride with or withowi plasticizer
Videanized natural rubber
* Bonding and impregnating substances may olten be limited by factors olber tmn thermal stubility . such as mechnmcol propenios ol opemiingtempersivres,  Focesample, somie
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A Principal

Friciedating Material

Caotion
MNatural silk
Regencrated cellulose filbre

Cellulose acetate fibr Men gl A, of
| h ’ Wi §%ﬂp{%’

Polyamide libre when Crapd S

Paper and paper products ‘ imu@‘:?, A
Pressboard / o

Vulcanized fibre SO AN
Wood

Varnished texnile hased on cotton, nf i
erated cellulose, cellilose ;1-.'-.-uk ?
Varnished paper A

1 the el perure of i =

Bondine, npirepiating

oalmE subsiances (") wmed

i Capliienm- A

Mo

Drying oil-modified natu-
ral or synithetic resin var-
nish

FWIAINTUUNIING 1A D

Laminated woor CHuLALONGKORN UNIVERSITY

Phenol-formaldehyvde
resin

PR E TR

Cellulose acetate film
Cellulase acetate butyrate film

FESHSS
(L] R PENLIDNS
i wellutose esters and

elliers

Those listed in higher
temperature classes

Insulating oil and synihe-
tic diclectric Lgquids

Butadiene acrylonitrile elustomers

Cross-linked polvesier resins Mone
Wire enamel of oleo-resinous type
Wire enamel based on polyamide resin
Subsidiary Polychloroprene clastomers None Those listed above and ine

higher temperature classes

* Bonding and impregnating substances may often be limited by factors other than thermal stability, such as mechanical properties at operating emperatures.  For example,

some epoxy and polyester resins under severe mechanical stress may be limited 1w Class A temperature.
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I 2 3 4 5
Bonding, impregnating £
or coating sitbtances (*) Gsed Impregnating subitances (%)
Chisa Imsulsting Muteral le the-manitacture of the materidl which may be used inthe trentment
in Calirin 3 ol the insulated 2ssembly
E Principul -
Substdiary Wire enamels based on polyvinslWornsal, polyurethane Mone Oii-modified asphulr and
OF COXY TEsing Wi seithetic  resins,  Erosse
N hiked  polyester  resins;
. S __/ , ) T epoxy resms
Mouldings with cellulose I'Lﬂur/ 1 Melamme-formaldehvde,
Cotton tabric lammutes ) / phenol-formaldehyde and Thuse Hsted in higher
Paper linminiles ) phenol-furfural resing temperature classes
|
Cross-linked polyesier resins Nene
' Cellulose trincetate film
Polvethylene tercphithalate im S N
Palvethylene erephthalate 0N IMuRINEIaE
CHuLALONGKORN UNIVERSITY
Variished polvethylene terephthulate textile Oil-modilicd alkyd resin
varmish
* Rondirg and lrmprcemabimg subyiiimies e ofren B lmpined Be Goveers ather o thermiod oubitive, such 58 peehnmea) properties st opestiog wempermtores Vot example,

gurme epoxy and polvester mans -andel severe mcBarkial o re gt b Til d o Class A kciperaiure
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crhing and bmplegnating subsiances may often be limited by foctors other than thermal stability, such as mechanical properties al operating temperatures. For example,

paky

AT TH RN

Subs e

Tad

4

Iosulatmez Matecial

Bonding, impregnating
or coating substances (*) used
in the manufacture of the material
in Column 3

Impregnating substances (*)
which may be used in the treatment
of the insulated assembly

MNone

Varmshed glass fibre textile

Yarmshed asbestos

Oil-modified synthetic
resin varnishes

/

Built-up mica iwith or without h;lf///

~———
5

R
—
y
3

Shellac, asphalt or bitu-
minous compounds
Oil-modified synthetic
resins

Alkyd resins
Cross-linked polyester
resins

Epoxy resins

FWIAINTAUNIINY 14D
Cilass hibee laminates CHULALONGKORN UNIVERSITY
Asbestos laminates

Mouldings with mineral fillers

Mﬂlaminc'-ﬁ}rmaldehyac
resing
Phenol-formaldehyde

resins

OQil-modified asphalt and
synthetic resins; cross-

linked polyesier resins;
epoxy resins,  (Under
severe w.echanical stress,
materials above may
prove to be inadequate,
and unmodified phenolic
resins may be needed)

Those listed in higher
temperature classes

Mouoldings with mineral fillers

Cross-linked polyester
resins

Polvmonochlorotrifluoroethylene

MNone

Those listed above, in
this class, and those listed
in higher temperature
classes

fer fening under severe mechamcal stress may be limited 1o Clags A temperature.
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1 2 | 4 [ - s |
Bonding, impregnating )
or coating substances (%1 used Imyproghiating substanciss (%)
Class i the shimulBcture of the muteris || WR may-be sed in the ireatment
in Column 3 ol the dvbaked aasermiily
F Principal
|
Subsidiary Cilass fibre Mo Alkyd. eposy. cross-link-
o a o
Asbestos JWIANNTAlUNIINGI§Y ad polvester wnd polyu
CHuLALONGKORN UNIVERSITY dthanie resins with i
T rior thermm stabulin
Varnished glass fibre texile : Alkyd, epoxy, crosslink- | Stheoncalksd iod sl
Varnished asbestos | wcd polyestes and polyuar- il WL
Built-up mica (with or withou! supporting materials) | cthane resms with supe- Rl ;
rior thermal stabilily temme

Silicone-alkyd redins

* Bonding and impregnating substances muy often be limied by fuctors other than thermal stability. such as machanice] properti
some epoxy and polvester resing under severe mechanieal stross may be limiled (o Ol A Jomperitire.
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Insulating Material \\&W/ 2
= Materia 3§\ ////’x

RBonding, impregnating

or coating substances (%) used
in the manufacture of the material

in Column 3

Impregnating sobalne
which miay be ased inthe tiezrment |
of the tslated Somgnah

H Principal

Glass fibre
Asbestos

MNone

Appropriate silicone
resins

Varnished glass fibre textile
Varnished asbestos

Appropriate silicone
resins
Silicone elastomer

9
Q

Built-up mica (with or wilh&ﬂWW“}M”ﬁﬁ'“
Glass fibre laminates
Asbestos laminates

Appropriate silicone
resing

Silicone elastomer

MNone

Subsidiary

* Bonding and impregnating substances may ofien be limiled by factors other than thermal stability, such as mechanical properties a1 operating temperatures

some epoxy and polyester resins under severe mechanical stress may be himited 10 Class A temperature.

Far example,

Lad
i
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sunding, impregnating
or coating substances (*) used

Impregnating substances (*)

Treated asbestos
Built-up mica

superior thermal stability
(limited stability above
225°C)

b in the mun:l.ll'aclure of the material whm:rn::if ?:;rl:dul{;l ;m;mnt
in Column 3

C Principal Mica None Inorganic binders such as
Porcelain and other ceramics glass or cement
Glass
Quartz
(M. B. — Maximum operating temperature may be limits
ed by physical. chemical or electrical properties)at, ope-
rating lemperature)

Subsidiary Treated glass fibre textile Silicone resins possessing Silicone resins possessing

superior thermal stability
(limited stability above
225°C)

Polyietrafluoroethylene
ihimited stability above 250° C)

None

* Bonding and impregnating substances may often be limited by factors other than thermal stability, such as mechanical properties at operating temperatures. For example,

some epoxy and polyester resins under severe mechanical stress may be limited to Class A temperature.
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EIGNTFICANCE OF ‘THE DIELECTRTIC STRENGTH TEST



SIGYIFICANCE OF TIHE DLELECTRIC STRENGTE 7557

Introducticn;

Als A Yrief review of thrcé postulated methanisss of
breukdewn, namely, the dischgrgc or corona wechanism, the
thermal scchanis:s, ard the intrinsie mechanism, and & discus-
sion of tha ﬁ;incipal factors affecting tests on practical
dielectrics arc given hers to AiG in ieterpreting the data,
The breaxdewr mechznisms Usuzlly operate in combinaticn
rather than singly. The Tollewing disoussicn apelies only

to selid, seoi-sciidyand 1igquid materials. Gascouws dielec-

trics are not included An the scopc of ASTH Methuds D 149,

Poutulated Mechanisms of Dieleocsiric Brealidowun:

Az, {z) Broskdown Caused by Elestric Discharges.

In most tests on codmercial meterdnls; breakdown is causcd

by clectric discharzges, ﬁhich oroduse high leeat fields,

With solid materdicls the discharges uswally occur in the
ambicrnt medium ond rroduce failure at or beyond the electrode
edge, Discharges may ocour in any.inte:nal volds or bubbles
which nare prezsent or which may develop, and may cause local
erosion or chamical decompozition, Thgse procosses may
continue until 2 cemplete failure path is formed between

the eleoctrodes.
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(b} Thermal Broeskdewn. .. Cumulative heating develons
in lveal paths witoin mony materizls when they are Eubje;ted
to high ficic intensities because dislectiric and innig
conduction losées soncrate heant more rapidly than it ¢can bc
dissipated.  Areakdowa mzy then ceceur becnuse ol thermal
instability of the material.

(c) Irtrinsic Ereskdown. If failures by slectric

discharges or thar=al instabkilify arc avoided, breakﬁcwn

will cccur at ficld intensities sufficicnt to accelerats
electrons through the material, Thisg eritical field intenxliy
is gnlled tke dintrinszic dielectrice streagth. I caznnot be
determined by this test methcd, nlthough the mechanism itsolf

may bo lovelvad, .

-

Haturs of Blectrical Imsul:ting Hoterials:

a5, Bolid commercial electrical insulaticg matericls
are generally nonhomofenooun ond %ay contuin dieleciric
defects of vorious kinds, Expericnce nften has revaaled
dicicctrie bregkdown in an ares aof the -est 5pecimen other
than that whers the ealgulsted field inteasity was greniess,
and «t times in na are: remote from the material dirsetly
betwean the clectredes, Dielectric strongth tests Lalnlly

hawe the natoere of weak soot tost, and the probability of
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week spots within the volume under stress may control the

tast results,

Inflaence of Test and Snecimean Conditions:

Ahv, (a) Electredes,_. In general, the breakdown
voliage will tend to deecrease with incrensing slectrode
aret, this area elTfect being oore pronouncec with this tzuat

grecimens, Test results are alse affcoted by the clectrode

geounciry. Besults may oo/ affeeted alse by the material

from winich the eleefrodes arc constructed, since the thornel

wnd discharpo meahanisms are influenced by the Llhermal
corductivity =2nd the work functicn, respectivsly, of <he
electrode materianl, Gederally sveaking, the effeet of ihe
clectrode material iz difficult to estublish because of Lhg

scatfer of experimentzl data.

(b) &8pecimen Thickness._ The deleciric strength of

solid commercial electrical insulating materials iz greatly
deperdent upon the specimen thickness, Experlence has show

thzt for zelid and somi-soiid materiszls the dielectric.

strength varies inversely 13 a fractional power of the saeci-

1

ren lLalckness, and therc is a zubstantisl cmcunt of evidonge

that Tor relatively nomogencous solids the diclectric sirsigh

"
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Fomultg Lo oche =ediagm gcancel e gompared with thosco In o

L -

Al fFeprend meodium,

{n)] Relative Humidity, - Theo relaiive humidity

inflagnges the diegleetris strength Lo the exient that meis-
lure abseried by, or on the gariace of, the material urder
test atfocts the diclectric loss and surfacc.conductivity.
Hanes its importance will depend to o large extent upen thz

naturs of the matorial being tested,s However, evenl materials

becuse of

thif wbsorb Lifttle er podisture may
froatly inersssed ghesigal offTocts of discharges 1n the

afiect of

Ea

resence of ncisture! /Txcoept in cascs whore G

reg

gxposure on dlelectrie /strength is being investigated,
ix ¢ustomory £o control er Limit the relative humidify
cffeetes by stondnrd gonditioniag prascdurcs

(i)l General,— Becaoss the dielectric strength

Jdemends critically on the abowe facters, thoy must be reporicd

-

conpletely olong with the Test rosulins,

Sizuificnnce:

A5, (n) & furndamental rezuirsment of the insclation

4

in elecgtrical appnaratus is that it with-stand fne voltage
iaposced on il in service, There-Tore thor: is o gresnt aecd

for =~ tezt to cvaluate the performance of purticulanr meterials
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at hign veoltoge ctress. The dicloctrie broaldowm voltepgs
test repreosents & convenient wrelinminovy oot Lo debormine

wheiher a materizal mearits Jurther considoradios, but it

fall

1]

gshort of 2 ceompliete evaluatinn in LwWo imaoorbond
recsnccts,  Flrsi, the cenditicon of s omatsrinl os instzllod
in apparatus is much different Trorm its condition ie chis

test, perticularly with repard Goo the contfigoration o Ll

LaL]

clectric ficid Aud fao arse of maferisal cwmoscod fo b, wcooonn,

mechanical strossz, ambient medium, and ossociciion wi

i
r

AMaterizls,  3ccond, EAn/sorvice thoro arg desteriocsnoliag
ml

influcnces, heat, mechanieanl sircass, corcha and its produciso,

contrminants, cotc,, wnigh may voduce il droea:xdown voltapge

[~ i~

far bkelow its velue ps originally iastalled.  Some o

[P

effects ecsxn bo incopporated in iaderatory tesis, nand a hotter

cobtizmotoed of the matorial will result, hut ths Tinal. tost

muxt always ne that of the performancs of tha moterizl in
netunl servicaz,
) The Gieclectric hroakdown b- 36 say uwood o a

matcorial dnspoeciion or ouwality copntrel teust, as o posnzs of

inferrirg other pooporties such as variabilily, or o indica

deterierzting processes such s thermal azics. In thess uscs
ol ¢ test 1t is the relislive wvaluc of Lo bronkdoss voliage

that is importont cathor than the absolute vwline,
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varisg azproximetely as the reclprogal of the ssuare root

of the thickness, ;n the cane of Iliquids, or of solids that
ecan voe melted and poursd to solldify botween fiwed elcctrodes,
the ¢ffeet of electrode separation is less elearly defined.
Since the clectrode separation can be fixed at will in sueh
casiesy 1t Is customary to perform diclectric strength tosts
er ligquids, =and usuzlly on fusible sclids, with electrodes
having o standardized fixed snaecing. Since the dielectric
strength 13 so dependent/ umen thickmess, it is meaningless
to report diclectric strongth data for a material without
slating tha thickeoess /of the tost specimens used.

(¢) Temperature.-~The temperature of the test speci-
men and ombient medium influences the dislectric stirongth,
aithougn for most materisls s=mall variatiens of normal
ambient temperature may have z practically negligible effect.
In gencral, the cdielectric strangth will decremse with
incrersing temperaturs, but the extent te which this is true
depends upon the gaterial under test.  %hen it is kaown
that a material will be reguired to functior nt eother than
narral room termpernturcs, it is cssential that the dieleetric

strength-temperature relationship for the material he

-
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determined over thno range of cxpected opernting temperatures.

Tast results will be influcnced by the

(d) Time.
rrte of wvaltage avrelicaticrn. TIn goneral the Lreakdoun
voltaze will tend to increoase with ingrewsing rate of voliage
application, This is fo be exmecteod because the thermal
breakdeoWn mcenonism is time-dependent and the dischoargo
mechznisn s ustally time-dependent, although in some casos
the lottor mecghanism may eause ranid failurs by wnroducizy
eritically high loczl field strengths.

{e¢) YNeve Form,. In geneéral, the dielsctric strengih
iy influenced by the wnve farm of the applied voltage.
Within the limits speeificd dn this method the influsnce of
wave form is not stgnifTicant.

(F) frequency, — The diclectric strenglh is not
sipgnificantly iafluenced by frecuency variations within the
raapge of codmereisl power frequencies vwrevided for ia this
methad., However, inferences coencerning dielectric strepm:
behi:vior nt other than commercial power frequenciesn {50 ko
£0 cps) must net br made from results obtnined by this methad.

{2z} amuient Yedium,.—_ Thc ambient modium czn affect

the heat trensfeor rate, sxternnl discharges, and fHield

+

unilormity, thereby preztly influencing the test rosults,
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SEESIFICATION FCH 1NSULATION OF

THSULATED CONDUCIORS

SCCIE %

These apscifications apnly to insulatlng covaering
and sneatis ot thernoplastic material and rubber for inguloted
cnbles &nd flexible cerds for clectric power and cormrunicaticn.
These insulation iz only rocomrended for uase at condustor Tap-

. o
neratures aot in excess of 607C.

DEFIHTTION

2.7 Thernmoplagtic natericzl | means pelyrerizates or

polycondensates, With or without the agditior of fillers,vhich
hecore plastic on boing hezted bub do not sot,

o« Rubber neaﬁs vulcanized seft rubber ecopounds
with nntural India rubber, synthatic rubber or a nixture of

hath a5 a base zubstance.

SELERAL REQUIREMEIET )

%.1 {"or the purposc of thess specificatlons 211 proner-
ties of insulationsz gholl be considered as occursng ot the inter-

ratiopally atandardized roference tosting tenperoture of 207C

[
il
v
o
L
=
Ll
Ly
(49
"

5.2 411 uwits in Lhose seegificeations zhe
rotric syste.
z,5 Insulating coverings ond shesths of theriezlastic

naterinl snd rubber shnil have the wroperties specified in Table 1

/ unless



unless otheroize in $he relevont siogifigations for cshles and
[lexibls cords.

3.4 In germerai,the veluaonc resistivity of therooplistic

. , 13 -
raterinl shall be 2t lozst 2 X 0 4 aviecii ft cGOC.

. s s D, .
Note Resistivity of P.V,0,compound ot A0Y0 s 1000 tiies of
o
ghnt at 20U
3,5% Bubber conpounds with o resiotivity of not lesc
12 o - . - .
than 10 ohp=cin ot 200 are adeguate tor core inoulstion.Cuter
cheatha ef “rubbor ecinpound chall haws 2 gurface resistonce of
) . < | 0
rot less than 07 ohrs ot 2Y C
3,6 The winipng insulatian rezistance B of single
. N e L aal
core in neschos buased oo capductor xiloseters i 20 & can be
cateulated From the minlouat voalun of the resistivity given in
3.L ond 3.5 by vegns ob the fcllewing Jorimula:

d 2% A /Ko

where K for ihermoplasiic = iz
K for rubcber = 572
& iz the pooinsl dinnceor ol cho conduztor

{5 tho thiekness of inzuraticn

e

J TABLE I
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i

Properties of Insulaiing Coverirng and Shuiaths of

Fubber ond Therwoplastic Compounds 4
Mechsnicsl Froperftivs Thormnl Properties
at 20 2%
.. Cemyounds
Minimum Mirdinun Hot Defora- Freedom from
Tansile Zlongation| tion Roesls- tackiness
Strength taneae
~ - a8 H [+ . D
W/ e % Jp te ~C Ip to V¢
100 120 7 7o Theraoplastics
b
S0 250 - - Rubhoer for
inuner sheath
mr coreg insula-—
: tion
1
i 1
410G Bl . - .t Eubbar for ouiov
shaath

L, Derforasnce Toesh

4,1 £11 eroperiies of P.V.C, conpounds shall be tostod

in

according to "Sa. oty Standnrd for P,Y,CFinsulated Cokles and

Tlexibls Zcrds™
4,2 All proparties of Rubber cempounds shall be per-

Torted ~s in "Safety Stondard fer Hubber - irsulnied Caklesn o

Tlexible Cords"



	ภาคผนวก
	บรรณานุกรม

