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= NEW GLASS FOR HIGH-VOLTAGE INSULATORS

Docents L. A. Zhunina and N. A. 'i‘inyakov.,
- ‘Candidates of the Technical Sciences
.- Byelorus¥ian Polytechnical Institute

ngr:xificant growth 1n the length of the high-voltage electri-

.-cal neb:twc:gr]g has been marked by the control figures for the develop-

B ment of'm:he USSR national economy, approved by the XXIth Congress of

“the’ COMfmnmnlst Party of the Soviet Union., This demands considerable
materiaal resources and, in particular, a considerable number or h:lgh-'
f:voltasea mne insulatora. f : '

E&cause the demand for 1nsu1ators 1s growing 1n all economic

| .__,f”areas Mr the country and therefore 1t 1s difficult to .count on the
"-continlmal meeting oi‘ this demand by 1mportation, the question was

raised‘ on‘ organizing the manufacture of 1nsulators 1n Byelorussian :

superiw-‘ In particular, glassiand glass 1nsu1ator8 have the follow-
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does porcelain which makes 1t possible to reduce the overaall size'of
glass 1insulators as compared to.porcelain ones of the same type.

2. The smaller over-a‘l size of glass insulators makes it pos-
slble to reduce the expenditure of metal for fittings and to reduce
_the over-all size of LEP [power transmission line] supports or,. with~~,

the same supports, to correspondingly increase the span.
3 Widely distributed and inexpensive materials serve as. the
raw material for the manufacture of glass insulators.
.4. The technology of the manufacture of. glass insulators makes
"1t possible to completely automate the: manufacturing process, hence

the cost of glass insulators when mass produced would be .significantly

"~lower than the cost of similar porcelain ones.

Lt

The use of hardened glass supension insulators makes 1t pos-

'“4ﬁin a number of:countries (England France, Sweden, etc.), where these

] \:insulators have found wide use in electrical transmission lines up to
.fifand including 380 kv [3]

S -In recent years a number ‘of studies have been completed 1in the
Soviet Union on the questions of developing designs for glass insula-

tors and various glass compositions for high-voltage insulators.

FTD-TT-63-256/1+2+4 -2-




Considerable work has been completed In thils direction by the Llvov
Polytechnical Institute, which recommends for this purpose regular
bottle-glass with a 15-16% alkall content As is known, alkall glass

o of this composition has low mechanical and thermal characteristics,

however, their technological characteristics are completely adequate.

‘ﬁIn order to improve their mechanical characteristics alkali glass in-'f

: sulators are hardened which increases their mechanical strength 6 to .
7 times [3, 4]. | '

The All-Union Scientifle Research Institute of Glass recommends
glass 13-b for the manufacture of high-voltage insulators [1]. This}
low-alkali glass (Nap0 content of 2%) meets all of the requirements
whlch are set forth for the manufacture of high-voltage insulators.
However, technologlcally this glass 1s very labor consuming since it
requires high melting and working temperatures, has a small range of
working viscosity and -easily crystallizes. .

lnvestigations on the development of optimal glass compositions
for high-voltage insulators are belng conducted at the Byelorussian'
Polytechnical Institute. ‘

On the basls of an analysls of the data.from the literature.and
preliminary studles 1t was declded to search_for efficient»glass compo-

sitions in an S102-A1203-Ca0-MgO-MnO system which would satisfy the
. technological, physicochemical, mechanical, and‘electrical require-
' ments. Such readily avalladble materials as powdered quartz, kaolin,
dolomite, limestone, and manganese ore or its by-products may be used
as.the raw material for this system of glasa,

Table 1 shows the compositions of the experimental bacches and
glasses were selected for further study after preliminary experiments

were conducted.
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TABLE 1 1
Composition of Experimental Batches and Glasses

__ nmdnn.puﬁshrwuﬂn . Glass, ws v
G | e | o T g
!y send | Broltn - [cralk dedemtie  Tatte | $I0:1410; ] G20 | 956 | e ,i
=T ] T R A T N s
1917 (3147 1235 10954 w572 | {55004 550 2000 ]‘rc,oo 1000; L, -
AT {3047 1265 | 194 [TA572 . 5390%5'901‘500.1ch‘.aoovil S
gt 14320 2540 mm;yﬁ% , ”ﬁmfm&)ﬁﬂv 500 hm;
C oy Ta20ei 250 | — 1esss ,55 155,00 1000 135,60 11500 | 560
“lagy sna) stes | tse ) a7 155 ’aaun 100 13560 H1060 | 5000 L
197V 37.34§ 37,95 14251 2286 | 11,12, [8500 (1509 {15607] 500 10,00+
VI {3147 | 5060 [1428 ] 2286 555 |5500 {2000 11500 | 560 500!
9VHL 13734 3795 1 — | &838 555 . {5509.115.00 11000 {1500 | 500,
19X 3734 8795 | — | 4572 | 132 530011500 {1100 (11,00 Lio0p]
119X 137341 3195 1 gsal ooss | 1665 (5500 15,00 L1000 | 500 {1560
/NI |3731] 37905 l23ge i o286 555 Vao\; 11500 {25,00 | 5. | 5,001
I9/XIL 13147} 1285 [1428; 2286 | 222 00‘5”)“0% 550 ﬁMmL
i : . . !

The raw materials were pnlverized, sifted, and formed into
batches according to a developed recipe. The prepared batches were
placed in pre-heated chamotte heating crucibles which in turn ‘were
placed in a 15-pot kerosene prototype furnace.

After trying several founding regimes the following conditions
were selected as the best for ensurling complete melting, satisfactory
fining, sufficient homogenization of the glass melt and a’ satisfactory
working viscosity-

Start of charging — 1,300°C;

End of charging — 1,200°C; , .

Temperature rise ‘during one hour to,1;380-1,4éo°c; f

Soaking at this temperaturevfor 0.5»to 1 hdur; :

© Lowering of temperature to 1,300°c'over a period.of anvhour;
Working at 1,300 to 1,320°C. |
Thus- the total nelting time amounted to 2.5-3 hours.
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Observation during manufacture showed that almost all glasses of
this serles have good working properties; they‘pour,'extrude,,roll,
'.?fand are draWn.into a f1lament well;‘ The range of working viscosity

‘iis sufficiently large for these glasses, which facilitates the manu- |
._ﬁfacture of objects of’ complex shapes.‘ ‘ ' »
. In order to determine the physicochemi al, mechanical, and elec-“
trical properties, samples with diameters of 150-200 mm and thick—
nesses of 2-3 mm were prepared with a handpress; to deterudne the co—
efficient of linear expansion, moldings and rods were stretched

The fabricated glass samples'were annealed in an electric muffle
furnace accordlng to a definite schedule and the maximum annealing .
temperature was 700—650°C. |

In order to obtain detalled characteristics of the experimental
glass, a complex method of analysis was used on which the following
were investigated: '

_ 1) technological properties- melting and norking capability
(visually), o

2) physicochemical properties: 'crystalliaation capabilit& (poly—
thermal method), temperature at start of softening (on the apparatus
of I. I. Kitygorodskiy), density, by means of hydrostatic weighing),_
thermal stability (air—water method), coefficlient of linear expansion
(on a tube dynamometer), chemical stabllity with regard ‘to water and
a two-normal solution of sodium carbonate (by the powder method recom- ‘
mended by the VNIIS [Al11-Union Glass Scientific Research Institute]),

3) mechanical characteristics:' microhardness and microtranspar-
_ency were tested on a PMT-3 apparatus;

4) electrical characteristics were.determined according to All-
Union State Standard 6433-52. Measurement of resistivity was made

with a galvancmeter and also on an F-57 ohmmeter, dielectric loss-angle
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tangent-aﬁd specific inductive capacitance were measured on an MDP

high-voltage bridge, and electrlcal strength on 60 kv, 5 kw high-
.‘voltage supply. '

’ " A comparison of the test results from numerous synthesized glasses

made it ‘possible to select the ones with the best technological, f’

’physicochemical and electrical properties (Table 2).

TABLE 2

Characteristics of. Glasses Recommended for the
Manufacture of High-voltage Insulators -

!!uﬁ)or of ‘glass

Craracteristics . a1 | oo | ey | oieax

Si0y .« v o0 e e e e e s 55,0 55,0 550 | 550

ALOse « v v e ot e 50 11,0 150 150

GO . ... . e e 15,0 15.0 15,0 100

MEO " o e e e e e 100 50 | 50 100

. MAO « v e e e e e 150 i50 1 160 | 100.

*| Specific grevity, g/es® . . . ... . ... .1 29I 273 271 272
Coefficient of linear expansion, : : . .

1/degres-10°7 . . . . . . ... .. ... 528 51.1 435 & 320

Chemical stability (% loss of weight)

a) water resistance . . . . . . ..... 0155 | 0,137 0,15 0,16
. b) soda resistance . . . . . .. ... .1 0236 0,218 0,135 0,2
Microhardness, kg/m? . . . . . e ...l 743 86 - [ 747, 1820 )
Microrupture strength, kz/m? . . . . . 690 580 1673 [ 749 -
Thermal stability (tempersture renge) . | ] ) A .
for sample plates 10 x 10 x 2 om, °C 22020 | 260—20 ; 240—20 | 260—20
Volume resistivity at 20 °C, : . . ©
ohmecl. . . . . ... . - e e e 94101 173101 | 3-10% } 15-101
' Surface ruisti;rity, ohms - ) - ] L
) at 65F mmddity . .. . . . .. . .| 75104 L2108 | 1,5-10 | 1,1.101
Job) st 95 mumdity. . ... . ... 3-108 | 82-160 | 1,6:101 | 7-10M
Specifie inductive capacitance . . . . . . 773 .19 ! 755 1 83
Dielectric loss=angle. tangent at 20°C | 0,0026 | 00468 | 00029 | 0012
Electrical strength, kv/m . . . .. i >3 | >3 | >30 | >3
L]
. oo ‘ " The technological characteristics of these glasses are as follows:

Melting temperature (in a laboratory kiln) — 1,380-1,420°C;
Working temperature — 1,300-1,320°C; o

Maximum annealing temperature — 650-700°C;.
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Temperature at start of softening -745—780°c.
Glasses 19/II and 19/III have the greatest crystallization cap-.
'~ ability while glasscs 19/IV and 19/Ix crystallize Just like normal

S

industrial glaas.‘-'

. 'J.\"“'- ’

CONCLUSIONS

i

1f'lAa'aAresu1tﬁdf iheuwork carried out, glaases were obtalned
that weré suitable with respect to a coﬁplex of prdbefties for the
manufacture‘of high~voitage insulators; ‘Abﬁndant_and'1nexpen§1ve
materials serve as the raw material for these glasses.
2. The finaliréfihement of ali charadteristi¢a‘and'final workiné
out of recommendable compositions of the glasses-mast be carried out
" during the manufacturing of test batches of high-voltage insulators

under 1ndustria1 conditions on machinery of factory size.
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