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Normal insulation life of a well dried, oxygen free, thermally upgraded
insulation system, at the reference temperature 110°C (IEC 60076-7:2005)

Basis Normal insulation life
Hours Years
50 % retained tensile strength of insulation 65 000 7,42
25 % retained tensile strength of insulation 135 000 15,41
200 retained degree of polymerization in insulation 150 000 17,12
Interpretation of distribution transformer functional life test data 180 000 20,55
The relative ageing rate I"= 1,0 corresponds to a temperature of 98 °C for non-thermally

upgraded paper and to 110 °C for thermally upgraded paper.
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This invention reiates to the protection of
cellulose fikers asgainst deterioration of heat
aging,

Deterioration of celiulose fiher upon subjection
to elevated temperatures for prolonged periods
of time is a very serious problem in the ars.
This problem is encountered particularly in the
case of rubber arficles which are reinforeed with
cellulose fiber, slmost invariably stranded and
in the form of cords of fabrie, which may be s
woven fabric having warp and woof threads or
a so-called “weftless fabric” or “web fabrie” com-
bosed of parallel cords joined together by a dry
deposit of rubber latex, as described for example
in the patent to Hopkinson, No. 1,424,020, Such
cellulose fiber reinforced articles include pneu-
matic tives, steam hose, bower iransmission helts,
conveyor belts, etc. These articles are subjected
to elevated temperatures in normal use, either
because they are subjected to external heating,
or because they generate heat within themselves
by reason of repeated rapid flexing, as in the case
of pneumatic tires. The deterioration of the
reinforcing cellulose fAber under the action of
heat is particularly evidenced by Dprogressive
reduction in tensile strength of the fiber, leading
to eventual breakage. This deterioratine action
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(Cl. 152—259)

2

In carrying out the invention, the melamine
may be applied to the cellulose fiber in any suit-
able manner, conveniently by immersing the fiber
to be treated in a solution or dispersion of the
& time sufficient for the fiber to
become substantiaily impregnated with the mela-
mine solution. The cellulose fiber employed is-
usually ordinary grey cotton fiber, although the
brocess of the invention may also be. employed
advantageously with the various regenerated
celluloss fibers, such as viscose rayon. The in-
vention is applicable to native cellulose fibers in
general, such as flax, hemp, ete., as well as to
scoured, bleached and mercerized cotton, ete. In
place of Immersing the fiber to be treated in the
melamine solution, I may incorporate the mela-
mine in the fiber in any other suitable manner,
such as by spraying or brushine

fur convenience, I usually employ the mela-
mine in the form of an aqueous solution, typically
at a concentration of 5% by weight (this being
the concentration of a saturated agueous solu-
tion af the boiling point), although marked
improvement in heat age resistance is also
obtainable with surnrisingly dilute solutions, e. g.,
solutions confaining 0.29 of melamine.
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Al CHARACTERISTICS OF STANDARD INSULA PERS

Irequirement UNIE
|mnamsfacturer Tervakosky | Tervakosky | Tulis Russel | Tulis Ruseel | Tullls Russel | Tullis Ruseel | Tullls Russel | Tullls Rusas! Munkajs Munkajc Denntwon Coltrslt Mastenwsright
of manufacturer Tartrans N Tertrans N HIHD HHD Krafl TU 125
[y asconding to IEC 554 SA2-1MY SAZ-TMI 584-2L4 SR4-2La
|g natural brown | ratural brown | nalural biown | nalural beown
ar ed ng ] ne e
catanderad no na yus _m_
i croereped L) o né B
|neminal thickness M 0,08 0,08 0,065 0.08 0,076
tolerance of thickpess mm 0.005 2,005 0,008 “B.005 £0.008 .00 rog0s ~f  nozs +0.010 0,003
denzity glem? 0,76-0,85 0,78-0,85 0,96-1,08 0,56-1,08 0.86-1,05 0,96-1,05 0, 0.85-1,00 1,10-1,20 0,85-1.30
Fass por Uil drea fm 4 &4 824838 ] 101-109 6268 S7-114 145-170 75-94
alr raxlatancs guriey = 500-1000 500-1000 A000-4 000 D000 10004000 4 (04000 1 10004000 dna mip 800
reslstance pymiPa.s 0205 0,2-0,5 0,03-0,12 0,03-0,12 0.03-0,12 030,12 0.03-0,12 dna dna
nsile strength MO WHim *>3,8 5.1 >52 6,4 >8.3 25,2 ] =10 »5
ftensite strangm co KNim »17 22 >24 2.8 38 >23 .03 =7 >z
siongation MD % > 3 >3 =3 22 >3 =15 =10 =15
ulgngation CO % =4 >4 4 =4 »4 =4 d.ns >4 5
tel.conductivity mEim < <4 Ll <10 <10 <14 bl <4 8.2
Howalus 6,8-7.7 6.87,7 B.540.0 65480 6.58.0 6.58.0 6020 6545 E.8
ash cantant % 0.8 0.6 =1 Ll Ll = <1 <035 <1
Lbreakdown vallage diy Kvimm *3.8 *B8 *B0 =00 9,0 =0,0 =10 11 >0
akdawn valtage In okl ®Vimm =60 =58 =9 *00 >3 =50 2 dns I} —
trogen conlent % oot ke noig not applicable spplicabia  nol opplicatis ana 2.04.0 1,35-4,0 2,040

d.n.a.= data not available



REQUIREMENT UNIT

manufacturer Dennison
type of manufacturer Densiflex 22HCC
type according to |IEC 554 3;1

color natural brown
thermally upgraded yes
calandered yes
microcreped yes
nominal thickness mm 0,076
tolerance of thickness mm 0,01
density g/cm3 0,95-1,15
mass per unit area g/cm? 72-87

air resistance s 1000-4000
air resistance um/Pas 0,02-0,12
tensile strength MD kN/m >8

tensile strength CD kN/m n.a.
elongation MD % >15
elongation CD % n.a.

el. conductivity mS/m <10

pH value 6,0-8,0
ash content % <1

el. breakdown voltage dry kV/mm >9,8

el. breakdown voltage in oil kV/mm >74
nitrogen content % 2,0-4,0
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Papir oregités szarazon 155°-on
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Life of paper under various conditions (IEC 60076-7:2005)

i

Paper type/ageing temperature Life
years
Dry and free 7, With air and
from air | 2 % moisture
Wood pulp at 80 °C 118 o,
g0 “C 38 1.9
98 “C 15 ‘ 0.8
Upgraded wood pulp at 80 °C 72 , 78
‘ 80 “C 34 27
; ! 98°C 18 12
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Papir oregités olajban 155°-on
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Oregitési kisérletek tanulsaga

I”

,Normal” celluldz papir élettartama ugyanannyi volt szarazon és olajban oregitve is.

Szarazon Oregités soran a normal és az emelt héalloképességl Dennison papir kozott
kiilonbséget az élettartamban nem talaltunk. Szarazon a kétféle papir h6 hatasara
ugyanugy viselkedik. Szamolni kell azzal, hogy a transzformator vakuumszaritasa
alkalmaval a magas h6allésagu papir ugyanugy oregszik, mint a sima celluléz papir .

Olajban oregités soran a kétféle papir élettartamaban jelent8s kulénbség mutatkozott
a magas hdéallésagu papir javara. A valds koriilmények kozt, a transzformatorban tehat
a magas h6alldsagu papir sokkal kedvez6bb, hosszabb (a celluldz papir életének
tobbszorose) mikodést biztosit.
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Figure 1: Normalised DP for non upgraded and thermally upgraded oil impregnated papers aged under different conditions, a)wet
paper, Argon atmosphere, T=110°C, b) dry paper, Argon atmosphere, T=110°C, c¢) dry paper, Air atmosphere, T=110°C . d) wet
paper. Argon atmosphere, T=130°C, e) dry paper. Argon atmosphere, T=130°C, {) dry paper. Air atmosphere, T=130°C

(forrds: Ageing of oil impregnated thermally upgraded papers CONFERENCE PAPER - JANUARY 2011)



Table 1: Nitrogen level in paper. before and after 4 months of
ageing in air. dry and 110 °C.

Nitrogen (%) Nitrogen (%)
Paper Start 4 months Air. dry.
110 °C

Upgrade 1 2.7 2.9
Upgrade 2 1.0 0
Upgrade 3 2.0 2.0
Upgrade 4 1.9 1.9
Upgrade 5 1.0 0.9

Non upgrade 1 0 0

(forras: Ageing of oil impregnated thermally upgraded papers CONFERENCE PAPER - JANUARY 2011)
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