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Search for new extinguishing .. dia for LV fuses 

Josef PAUKIRT 

There are described the r •• ults of a search for new .xtingui.hing .edia for LV 
fus.s, 'sp'cially focused to lowering the Joul. integral 12 • dt. 

1. Introduction 

The aiM of the research was the discovering of new extinguishing .edia for LV fuses, 
which would be .ini.ally equivalent with. quartz sand, but preferably with a lower value 
of Joule integral 12 • dt. 

The possibility of exploiting so.e wast •• aterials was taken in account at choic, 
of t.st.d extinguishing Media, but first of all, this chice w.s direct.d to verify the 
following hypotheses for iMproved beh.viour of fuses: 

a/ the presence of an eLectron'gative cOMpound 

bl the pressure ris. inside of the fu •• -link c.u.ed by che.tcal deco.position or by, loss 
of crystaL water 

cl the pressure rise in the i ••• diate vicinity of the .elting-ele.ent 
cal by forMing .n unpenetrable layer on the surface of the Melting eLeMent 

cb/ by reinforce •• nt of .xtinguisher lin forM of • porous fillerl. 

According to Bron [1J , the pressure rise c.us.s the lowering of ionisation rate and 
the ri •• of ther •• L conductivity, too. Th. re.uLt i. in both c •••• the ris. of 
arc-voltag. gr.di.nt and thus the incr •••• of arc fn.tability. 

52 kinds of extinguishing Media were inve.tigated, see tab. 1 and 2. 

2. Test Method 

Individual .xtingui.hing Medi. w.re t.st.d in a fus., all oth.r parts of which 
were tak.n frOM a factory Mad. fuse. The reason w.s not only the .a.y avaiLability of 
these part. but e.pecially the use of a .l,yready proved construction, verified by a 
COMplete type test. In the beginning of our work we u.ed h1gh~breaking capacity fuse. 
type PH 0, 100 A, gF characteristic., with a copper fu.e~eleMent. Later was the work 
directed to s •• iconductor fu.es, type PC, 100 A, with a silver fuse-eLeMent. 

The breaking-test were .ade in accordance with lEC 269~1, Ifirst edition 19681 
and lie 269-4 Ifirst edition 19741 at test current 12, thus with the •• XiMU. arc energy. 
Because so •• of tested extingui.hing Medi. were of organic nature, the recovery voltage 
wa •• aintained for 5 Minutes at aLL sa.ples tested. 

In the first line, the acceptability of test results was evaluated in accordance 
with lie Publication 269, na.ely 

- nonper.issible overvoltage 
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-. nO' externa. effec'ts lP:ttrllNnttnt .,.ein9,,· flashDver 0''' da,u"erDus ejection Df fla ... ' 

- no etesintegratiGn. Dr dit,fQ,r.ation of r.placeable fUI .• Link, vb1ch v,QuLd prevent its 

taking off in one piece 

, - aUready a.n1:ioned ef-1ecta shaU no1: DCet .. • even in the p.'t'ioct of recDve"y V.o.l1:89. 

- insuhtiDn resis,tanee, alHtU n.t be lGwer tn.u 100' k 

FurtheraDre, fGr .very ext.i·l'tltu:iaJtil19: •• IHua the lDver;ng Df Joule integral 

J • J 12 dt in CGapari.Dn to' standard extinguisher - quartz .and "as evaluated. 

Becau .• e for Dur tests no .eter fDr Ji 2dt ",as available, it ",as neceasary to eva­

luate this quantity gra·ph1caly frO'. DscillDgra.s by hand, this has. been very labDriDn. 

and tiae cDn.uaing. MDlIe",.,., the •• 1:'er for quantity E • J i • u • dt IIIIS at di spoul. 

As can be seen frO'. fig. 1, the cGrrelatiDn betwen J .. and E exists 

J &J1 2d1: • k • E 111 

Therefore, fGr evalua,tiGn Df let-thrDugh energy the qua.ntity E Ifas usad and thegraphical 

cDntrDl Df J ",as .aete fO'r that HtiRfJuishing aediUII$ Dnly, .. bien had the value O'f E 

lo",er than qu.artz sand. 

5 sa.ples were .ade ",ith each extinguishing aediua. The actual nuaber n Df tested 

sa.ple. is given in tab. 1 and 2. 

Individual extinguishin, .. dte were appliitd ",ith foLlO'",ing .ethGds: 

- as filling IFI 

- as coat ICI Dn tile .elting-ete.ent, fO'r •• d by technGlGgy O'f painting, vacuua evapGra­

tion or fluid~bed depO'sition 

- al • pr.ss.d~Gn body on the ulting-ele.ent IPI 

Ipris. 4 x 14 ••• t PC type or 8 x 16 •• at PH type a.long all activ. l.nght Gf •• lting 

.lea.nt/. 

Wh.n using .athDd. C or P, the prepared .elting .. le •• nt "' •• placed in a filling 

of quartz sand of the •••• gr.in size' 10,3 to 0,4 •• 1 al in .anufacturfd' fu •• s. 

Characteriltics of fuse typ.s u.ed al'l' a. follow.: 

acthe Lenght of .elting-.le .. nt 50 •• 

di •• nsions of •• lting-.le.ent 
nu.ber Gf notches 

crGss-section reduction ift • notch, 

.elting eleaent Gf 

volu.e of fuse-Link 

cavity di •• nsionl of fuse-lina 

3. Results 

Z4 x 

Type PH 

50 •• 
10 x 0,2 

4 

12 X 

Cv 
21,95 c.3 

15,5 x 59 

Type PC 

47 .a 

•• 10 x 0,17 •• 
7 
8 X 

Ag 

19,10 c.3 

•• • 23 ••• 46 •• 

The r •• ults of the .. arch for ne .. extinguishing •• die are su.arized in table 1 
lexper1a.ntl on high b,..aking-cap •. city fus., PHI and in table 2 Ise.iconductorfuses PC/. 

Besides 1nfor •• tion on cO.PO'sitiDn of individual extinguishing •• die, about nu.ber of 

tested ... pt .. n and about testeet lIypothesh. the table.'contein also inforHtion' on the 
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.ethod of application of extinguishing .ediuM and about the acceptability of breaking 
test results according to individual criteria 1+ cOMplied with, - not co.plied/. 
Effects during tests are cbaracterised by abbreviations: E explosion, D defor.ation of 
lids, C cracks in the body of fuse-link, F fla.e. ejection. Unacceptable overvoltage 
was not observed. Particulars about tests are gtven in headings of tables. 

FrOM tables 1 and 2 can be seen, that a nUMber of extinguishing Medi. i. equiva­
lent to quartz sand as regards the breaking capacity at the 12 current according to 
lEe 269, the insulation withstand for 5 .in after switching and the insulation resistan­
ce greater than 100 kQ • They are either extinguishing •• dia in for. of a coat or fi­
llings, which contain at least 80 ~ of quartz.nd. ~ith regard to the fact, that even 
the .elting eLe.ents with extinguishing MediUM in for. of a coat were placed in a filling 
of quartz, good breaking capacity of these .edia can be attributed fro. the theoretical 
point of view to the quartz sand, because the relatively thin coat of extinguisher is 
rapidly destructed by tbe arc. This result fs in a good agree.ent also with older, 
hitherto unpubLished experiMents, which followed the influence of i.purities in quartz 
sand lin for. of aetal oxides, especially of ferric and ferrous oxidesl up to concen­
trations of about 10 X. The influence of i.purities on breaking capacity of fuses was 
not found at that ti.e. 

The lowering of quantity e and of Joule ;nteg~al J as well was found at three 
sorts of special cera.ics MEZ,NE3, NE7 only. Their base was quartz sand with the sa.e 
grain size as in .anufactured fuses 10,3 to 0,4 •• 1 with organic binder of silicate 
nature. After ther.al treataent the organic co.ponent volatilizes and the re.aining 
porous body is of anorganic nature. As however the syate.atic research of influence 
of co.posit;n and .anufacturing technoLogy of extinguishing .edia of this type on 
value of JouLe integral J was not Made, the boundary value of lowering J in co.parison 
to current fuses with quartz sand is not known. 

4. ConClusion 

Extinguishing .edia, which are equivalent to quartz sand, are .ixtures with aini­
.al content of quartz sand of 80 I, or coats on .elting ele.ents placed in filling of 
quartz sand. Fro. the econo.teal point of view they are therefore disadvantageous in 
co.parison with pure sand. Extinguishing .ediu. of another che.ical co_position than 
SiOz was not found. 

The lowering of let-through energy IJoule integral can be realited only by use of 
reinforced porous extinguishing .ediu. on the base of S10z with a binder, which reMains 
after ther •• l treataent enorganic silicate "artificet sandstone"' Boundary value of 
lowering the Joule integral cannot be deter.ined fro. existing experi.ents, but the 
reached results suggests the way of future work. 

Fro. the working hypotheses those of influence of electronegative co.pounds, of 
pressure rise oy deco.position of che.ical co.pounds or by loss of crystal water and 
of pressure rise in i •• ediate vicinity of the .elting ele.ent by Means of a layer on it 
are to be rejected. The infLuence on lowering the value of Joule integral has tbe reln­
force.ent of extinguishing .ediu. only Ihypothesis cal. 

The .ention worth is the failure of Al Z03 as extinguisher, not only in caleinated 
but in crystalic for., too, even when a priori on account of ehe.ical eo.position and 
of physical properties at least the equivalence with S102 w.s expected. 
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Tab. 1 Experi.ents with extinguishing aedia in high-breaking capacity fuses, 

No. 

type PH 0, 100 A, characteristics gF. No 1 to 11: l Z • Z700 A, cos~i.0,Z5. 
No.1Z to Z5: l Z = Z800 A, cos phi • O,Z. All tests at 550 V, 50 Hz. 

Binder LH ZO on epoxy base 

Hypothe- Application 
sts 

Evaluation 
brea­

king 
capac 

insul. 
abi­
lity 

insul. 
resi s­
tance 

lowe­
ring 

of 
IZ.t 

~ •••• :I •••••••••• == •••••••••••••••••• :a •••••••••••••••••••••••••• ~ ••••••••••••••••• =.= ••••• 
1 MOS Z' binder PRMA ca C 5 -CF + + 

---------------------------- -------------------- -------- ------------- -----
Z PMMA ca c 4 +F + + 

-------------------- -------
3 ground .ica 0,Z5 .a b F 5 -F + + 

---------------------------- --------.----------- -------- -----~----- ------- -----
4 ground .ica 0,75 aa b F 5 -F + + 

---------------------------- --------~----------- --------~-----~----- ------- -----
5 carborundu. ISiCI grain 0,5aa f 5 -E + + 

----------------------------1--------
white corund IAlz03/,grain 0,4 

----------------------------r--------
brown corund IAlz03/,grain 0,3Z 
-------------------------------------

6 

7 

--------~-----~-------------------
5 -CD + + 

--------~-----~-------------------
5 -E + + 

--------~-------------------------

F 

F 

8 ~~~~~:~~~~~-!~~:~-~~~-~~---- b F 5 -F + + 
---.---- ----------- -------- -------1-----

9 PTFE, powder a F 5 -F + + 

---------------------------- -------------------- -------- -------1-----
10 ~~~~~-~:~~~~-~~~~~-!~~~~---- ca C 5 + + + 

--------------1-----_.-------------
11 water glass ca C 4 + + + 

---------------------------- -----~-----:-------------
1Z evaporated PTFE,layer 5 JUa ca C 5 + + + 

-------------
13 evaporated PTFE,layer 10 pa + ca C 5 + + 

-------------------- --------1------------:------ ------
14 PTFE fluid bed deposited ca C 4 +C + 

--------1------------ --------1------------'------ ------
15 10% PTFE,10% binder LH ZO, a F 5 + -E 

~---- ~~~-~:~~-------------------- --------1------------ --------1-----
16 80% PTFE, ZO% binder LH ZO a F 5 + -E 

-------------------- --------1------------' 
17 

F 
10% PTfE, 15% binder LH ZO, 
75% AlZ03.3HZO Igrain 0,11 a 

----------------------------~-------
18 ground aica 0,75 aa b F 

19 Al Z03.3HZO grain 0,1 •• 
~---- ----------£_----------------
20 

21 

r----

ZO% Alz0303HZO, grain O,Z aa 
80% SiO 

-------~--------------------
40% Alz03·3HZO, dtto 
60% SiO 

-------~--------------------
2Z 60% Al Z03.3HZO, 

40% SiO dtto 

b F 

--------------------
b F 

--------------------
b F 

--------------------
b F 

5 + + 

-----------_._------
5 -F + 

--------------------
5 + + 

-------------
5 + + 

------------
5 + + 

------_ ... ----
4 + + 

----r-------~-------------------- -------------------- -------------
Z3 + 80% Al~03·3HZO, dtto b F 

~2!-!!-z-___________________ r----------------__ -- 4 

-------------
+ 

+ 24 
.. ---- 100% Al Z03.3HZO dtto b F 

---------------------------- ------- ------------
5 + 

------
+ 

-----_. ------
+ ------

------------

------

------
------



49 

Tab. 2 Expe,.t •• nu with extinguishing •• dia fn ••• 1conductor fuses PC, 100 A. 

12 • 1800 A, 550 V, 50 ftz, cos phi • 0,2. 

No HYPO'tlle .. Applin-
sis tion 

ttu.b.1' 
of 

a.apl ... ....... ' ..................... ' .............. : ....... -
lOX "0$2' 90X Si02 • F s .... -•..• --------_ .. _------_ ..... --- --------
~~~_~~~~~_~~:-_~~~ ___ .. _._.__ a F 5 

~:-~~~!:.-~~:-~~~~!:~~!~:.!~: ~~~-~~~- F 4 

lOXPTFE,20XAl20 3 .3IfZO,7OX S O2 a+b 

--------------------------- -------- F 5 

10XPTFE,60XAl203.3HaO,30% 5102 a+b --------------------------- ----.'---- F 5 

b F 5 

5 

5 

brea­
king 

capac 

evaluuion 
1RSUl. 1nsul. 
abU t - re.h-

ty tance .... -..... . 
+ + + 

-F + + 

+ --;---j. ---;----
------ --_._---

+ + ------ ,--------
-0 

+ j' -
::~::: ,:::~:::: 

+ 

-E 

+ + + 
i 

------,----------F + + 

low.,.ing 
a of 

1 • t 
•• ;Ii ••••• 

S 

~~:_:~_~~L~~~~:~:._~~:_~~~i ----~---ti --~-----
3a ~~:_:~_~~~_~~~~:~~_~~:_~~~~ ____ ~___ __~ ____ _ 
33 80X Ca 504 powder, 20% Si02 b f -F ------1--------~--------+ , + . ---------------------------- --------- --------- -------i--------~ .. --------
3S 

5 

S 

4 

34 10X N8 Z840
7 

• 10 Hl O,901 5t 2 b f 

i~~-;;;;:~;-:-;~-;;~:8~i-;i ;---;---1--;-----
--- --------------------------- -------- --------:~ __ ~~:_~~~~~~!_:_~~_~i~:~~:_~~~, ___ ~___ __~ ____ _ 

+ + --------
+ 

+ 

+ 

+ 

+ 

5 

5 

37 15 X "38°3' 95X S102 [b. f --------------------------------.. --------.---------I I· 
38 110% H3803, 90X 51°2 • b F 

---.. -------------------------.. -~----.. --- .... _-----

+ + 

+ + 

+ 

+ 

39 .20X "3803' 80X 5iOZ . b F 

---r---------------------------~-------- ---------
5 + + + 

40 10IPTFE, 8X binder LH20,8ZXSiiOZ ca P 

--------------------------- -------- --------
__ ~ ____ l __ ~ __ -E 

17XPTFE, 8X binde,. LH20, 

:~ .. :-~~~~}-:-:~,~-----.. ----
aox binder LH20, 80X S10a ---------------------------- , 

--;-----l--;----i--~;-
-;-----i--;----j--:--

+ 

-E 

10X binde,. L1f20, 10X .1ea 0 
80% S10Z ca -E 

--------------------------- -------- ------- ----- ------~--------110% binder LlflO, 101ALZ03• 
·80% SiOa 

-----------------------------~-

0, 
oa __ ~_____ __~____ __: __ .. __ :~ __ J---:----

45 1 speci.l ce,. •• 10. NEl 

~6-~------d;;;-------;;i-------
--- ---------------------------47 dtto NE3 --- ---------------------------48 dtto NE7 --------

. . 
-------------------------------~--------

p 3 + 1 + + 

--;---j---;---------- -----.. --
+ + 

cb 

,--------cb P 

ob P 

3 

3 

cb P 5 

+ 

+ 

+ + + 
i ----_ ... .,--------49 vater gLass, coat 1 •• thick o. ---... --------------.. ------------~----.. ---- C ... ___ :.. ___ .i.. __ -____ _ 5 + + + 

-----~------
+ + 

~~J~~~~~-~~-~~-~~~:~--.. ----.. -~ .. ---:~-- -.. ~-----t--~----
51 aox .ice, 80X "aUr til ... , Icc 5 

;;- ;;i-;;;~;:~;;i-;;;~:-----~----:~--t--;-----·--;----
[ 0,2 •• tftick 1 a I ... . .. ==...................... ....... . .......•....... 

+ + + 

+ + 
••••• J ....... ... 

--------
--------

--------

.. 

+ 

+ 

+ 

• ••••••• 
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