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Search for new extinguishing media for LV fuses

Josef PAUKERT

There are described the results of a search for new extinguishing media for LV
fuses, especially focused to lowering the Joule integral 12 . dt.

1. Introduction

The aim of the research was the discovering of new extinguishing wedia for LV fuses,
which would be minimally equivalent with a quartz sand, but preferably with a lower value
of Joule integral Iz . dt.

The possibility of exploiting some waste materials was taken in account at choice
of tested extinguishing media, but first of all, this chice was directed to verify the
following hypotheses for improved behaviour of fuses:

a/ the presence of an electronegative compound

b/ the pressure rise inside of the fuse~link caused by chemical decomposition or by loss
of crystal water

¢/ the pressure rise in the immediate vicinity of the melting-element
¢a/ by forming an unpenetrable Layer on the surface of the melting element

¢b/ by reinforcement of extinguisher /in form of & porous filler/.

According to Bron [1] , the pressure rise causes the lowering of ionisation rate and
the rise of thermal conductivity, too. The result is in both cases the rise of
arc~voltage gradient and thus the increase of arc instability.

52 kinds of extinguishing media were investigated, see tab., 1 and 2.
2. Test method

Individual extinguishing media were tested in a fuse, all other parts of which
were taken from a factory made fuse. The reason was not only the easy availabitity of
these parts but especially the use of a al _ready proved construction, verified by a
complete type test. In the beginning of our work we used high~breaking capacity fuses
type PH 0, 100 A, gF characteristics, with a copper fuse-element. Later was the work
directed to semiconductor fuses, type PC, 100 A, with a silver fuse-element.

The breaking-test were made in accordance with 1EC 269-1, /first edition 1968/
and 1EC 269~4 /first edition 1974/ at test current 12, thus with the maxisum arc energy.
Because some of tested extinguishing media were of organic nature, the recovery voltage
.was maintained for 5 minutes at all samples tested.,

In the first Line, the acceptability of test results was evaluated in accordance
with 1EC Publication 269, namely

- nonpernissible overvoltage



- no externam effects /persanent arcing, flashover or daugsrous ejection of flames/

- no desintegration or deformation of replaceable fuse Link, which vould prevent its
taking off in one piece

‘= allready mentioned effects shall not occur even in the period of recovery voltage

= insulation resistance shall not be lower thau 100 k

Furthermore, for every extinguishing medium the Lowering of Joule integral
J =‘f12 dt in comparison to standard extinguisher - quartz sand was evaluated.

Because for our tests no meter for_[izdt was available, it was necessary to eva-
Luate this quantity graphicaly from oscillograms by hand, this has been very laborions
and time consuming. However, the meter for quantity € = j§ . u . dt was at disposal.
As can be seen from fig. 1, the correlation betwen J and E exists

J=f12at w k. E 1/

Therefore, for evaluation of let-through energy the gquantity E was usad and thegraphical
control of J was made for that extinguishing mediums only, which had the value of E
Lower than quartz sand.

5 samples were made with each extinguishing wmedium, The actual number n of tested
samples 1s given in tab. 1 and 2.

Individual extinguishing medis were applied with following methods:
-~ ag filling /F¥/

- 38 coat /C/ on the melting-element, formed by technology of painting, vacuum evapora~-
tion or fluid-bed deposition

- 88 a pressed-on body on the melting-eleasnt /P/
/prism 4 x 14 ma at PC type or 8 x 16 mm at PH type along all active lenght of melting
element/.

When using methods C or P, the prepared melting element was placed in a fitling
of quartz sand of the same grain size /0,3 to 0,4 wm/ as in manufactured fuses.

Characteristics of fuse types used are as follows:

Type PH Type PC
active lenght of melting-element 50 am 50 o= 47 an
dimensions of melting-element 10 x 0,2 am 10 % 0,17 an
number of notches 4 7
cross-section reduction in a notch 12 % 8 X
melting element of Cu. Ag
volume of fuse-lLink 21,95 cl3 19,10 cn3
cavity dimensions of fuse«link 24 x 15,5 x 59 mm $23...46 am

3. Results

The results of the search for new extinguishing media are sumarized in table 1
fexperiments on high breaking-capacity fuses PH/ and in table 2 /semiconductor fuses PC/.,
Besides information oa composition of individaual extinguishing media, about nuaber of
tested samples n and about tested hypothests the tables contsin also informations on the



method ot application of extinguishing medium and about the acceptability of breaking
test results according to individusl criteria /4 complied with, - not complied/.
Effects during tests are characterised by abbreviations: E explosion, 0 deformation of
Lids, C cracks in the body of fuse~iink, F flames ejection. Unacceptable overvoltage
was not observed. Particulars about tests are given in headings of tables.

From tables 1 and 2 can be seen, that a number of extinguishing media is equiva-
Lent to quartz sand as regards the breaking capacity at the xz current according to
IEC 259, the insuiation withstand for 5 min after switching and the {nsulation resistan-
ce greater than 100 kS . They are either extinguishing media in form of a coat or fi-
Lilings, which contain at least 80 X of quartzsand. With regard to the fact, that even
the melting elements with extinguishing medium in form of a coat were placed ip a filling
of quartz, good breaking capacity of these media can be attributed from the theoretical
point of view to the quartz sand, because the relatively thin coat of extinguisher is
rapidly destructed by the arc. This result is in a good agreement also with older,
hitherto unpublished experiments, which followed the influence of impurities in quartz
sand /in form of metal oxides, especially of ferric and ferrous oxides/ up to concen-
trations of about 10 X. The influence of impurities on breaking capacity of fuses was
not found at that time.

The towering of quantity E and of Joule integral J as well was found at three
sorts of special ceramics NE2,NE3, NE7 only. Their base was quartz sand with the sanme
grain size as in manufactured fuses /0,3 to 0,4 mm/ with organic binder of silicate
nature. After thermal treatment the organic component volatitlizes and the remaining
porous body is of anorganic nature. AS however the systematic research of influence
of compositin and manufacturing technology of extinguishing wedia of this type on
value of Joule integral J was not made, the boundary value of Llowering J in comparison
to current fuses with quartz sand is not known,

4. Conclusion

Extinguishing media, which are equivalent to quartz sand, are mixtures with mini-
mal content of quartz sand of 80 %, or coats on melting elements placed in filting of
quartz sand. fFrom the economical point of view they are therefore disadvantageous in
comparison with pure sand. Extinguishing medium of another chemical composition than
Sioa was not found.

The Lowering of Let-through energy /Joule integral can be realited only by use of
reinforced porous extinguishing medfum on the base of sio2 with a binder, which remains
after thermal treatment anorganic silicate Martifical sandstone®i Boundary velue of
Lowering the Joule integral cannot be determined from existing experiments, but the
reached results suggests the way of future work.

From the working hypotheses those of influence of electronegative compounds, of
pressure rise by decomposition of chemical compounds or by loss of crystal water and
of pressure rise in immediate vicinity of the melting element by means of a Layer on it
are to be rejected. The influence on lowering the value of Joule integral has the rein-
forcement of extinguishing medium only /hypothesis ca/.

The mention worth is the failure of Alzo3 as extinguisher, not only in calcinated
but in crystalic form, too, even when a priori on account of chemical composition and
of physical properties at Least the equivalence with sio2 was expected,
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Tab. 1 Experiments with extinguishing media in high~breaking capacity fuses,
type PH 0, 100 A, characteristics gF. No 1 to 112 I2 = 2700 A, cosphi=0,25,
No.12 to 25: 12 = 2800 A, cos phi = 0,2. ALL tests at 550 V, 50 Hz.
Binder LH 20 on epoxy base
No. Composition Hyg::he- Application N::bor Evaluation
samples brea=-|insul./ insul.| Lowe
P king|abi=~ resis-| ring
capac lity | tance |of
lz.g
-1 E-1-4 =2 STV AR SAREINSIEEIISITTNTITASTITITTSZIILT =223
1 Hosz, binder PHANA c3 [ S -CF + + -
L 2 PMMA ca c [ +f + +* -
3 ground mica 0,25 am b F 5 -F + + -
4 ground mica 0,75 am b F 5 -F + + -
S carborundum /Si1C/ grain 0,5mm F 5 -E + + -
[ white corund /Al203/,grain 014 F 5 -Cb + + -
7 brown corund lALzosl,grain 0132 F 5 -E + + -
8 Al203.3uzo, grain 0,1 mm .-_b F 5 ) -F + + -
9 PTFE, powder a F 5 -F + + -
10 MoS,, binder water glass ca [ 5 + + + -
11 water glass ca c 4 + + + -
12 evaporated PTFE,layer 5 sum ca c 5 + + + -
13 evaporated PTFE,lLayer 10 pm ca ¢ 5 + + | + -
14 [PTFE fluid bed deposited ca ¢ 4 +C £ ] - -
15 10X PTFE,10X binder LH 20 ]
80% 510, g a F 5 + €| - -
16 80X PTFE, 20X binder LH 20 a F 5 + -E - -
17 10X PTFE, 15% binder LH 20, -
75% AL,0..3H,0 /grain 0,1/ a F 3 + + +
2°3 2 -
18 ground mica 0,75 mm b F S -F + + -
19 Alzos.snzo‘ grain 0,1 mm b F S + + - -
20 20% .
80% 2:523 3H2°’ grain 0,2 ..+ b F 5 + + - -
21 402 ALZOS.SHZO, dtto b F S + + d -
60% sio
L 2
—— J——
22 60% AL,0,.3H,0
40% 51523 2"’ dtto b F 4 + + - -
23 80X AL,0,.3H,0
3 4 dtto b F 4 + + - -
208 51820 2 : -
-24 100% AlZoé:iHZO dtto b F 5 + ) + - -




- 49 -

Tab. 2 Experiments with extinguishing media in seaiconductor fuses PC, 100 A.
12 = 1800 LYS 550 V, 50 Rz’ cos Dhi - Q,Z-

No Composition “?93:20' ‘2?:;63‘ ‘"::" brea~ i::::?at:::ul. Lowering
samples| yinglabiti=-| resis~ , of
I capacs ty tance I™ .t
25 | 10X MoS,, 90% S10, a F 5 + + + -
26 | 20% nosz, 80% 3102 ‘ a F 5 -F + + -
_37 SX PYFE, 10% Alzc3.3nzo,85z910§ a+b F 4 + * + -
28 1OXPTFE,ZOZAl203.3320,7O¥ 8102 a+b F 5 -D + + -
-;;~-;OXPTFE,6OSA1203.3ﬁ20,301 Sioz a+b F 5 + + - -
30 (10X mica 0,75, 90X ;;02 b F 5 .*-—E +‘ * __-
-;1 20X Ca 804 powder, B0OX 3102 b k F 5 + + : ) - N
-;2 50X Ca SOA powder, 50% 8102 bV F 5 -F + : -
33 | 80% Ca so4 powder, 20X sio2 b f 5 -F + --~+ -
34 | 10% ﬁlzBéo? . 10 H20,9OX 8103 b F 5 + . + + - _
35 20X “028‘0? « 10 H20,8OX $4 2 b F 5 + + - -
36 50% H!23407 . 10 uao,soz Si@z b F 4 + + - -
-27 5 % 83303, 95% stoz ; b F 5 + + + -
38 | 10X H3BO,, 90% Si0, b F s + + + -
39 20X H,BO,, 80X Si0, b ¥ 5 + + + -
40 | TOXPTFE, 8X binder Luzo,szxsioz ca P 5 + ~E - -
41 ;;ngiE;O:X.b;:;;r LH20, ca p 5 + -E
42 |20% binder LHZ20, 80X Sio2 ca P 5 -b + - -
43 ;g: giggar LH20, 10X mica 0,75 ca Py | 5 + -E--‘ - -
44 ;:; ::::er LH20, 102AL,05.34,0, ca » 5 . -t . -
45 special ceramics NE? cb P 3 + + + -
45 dtto NEZ2 ¢b P 3 + * + +
47 dtto NE3 ¢b e 3 + * + +-~~
43 dtto NE?7 tb P S + * + T + N
49 water glass, coat 1 ma thick ca c 5 * + + -
50 PMMA, 0,1 mam thick ca ¢ 5 + + + -
51 i?f ::c:;iigz water glass, ca ¢ 5 + . + -
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