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RESEARCH ON THE TECHNIQUE OF FILLING QUARTZ S&ND IN FUSE

CHEN Su-tsing

Shanghai Electrical Apparatus Research Institute
of Ministry of Machine Building,PRC

ABSTRACTS

The performance of fuse can be improved by filling in the
cartridge of fuse compactly with quartz sand, The higher filling
compactness can be gained, when the fuse link is fixed on the
plane of a vibration stand with an inclination of 10 degrees and
submitted an impacting vibration in horizental direction, the

vibration frequency should be changed adequately in the course
of vibration.

1. INTRODUCTION

Filling in the cartridge of {use with appropriate quartz sand may provide two effects, first,
the quartz sand can be served as an arcing~quenching medium, which would raise the breaking
capacity of fuse; second, it is also a heat dissipation medium for lowering the temperature
of fuse; The chenmical composition, shape and size etc of quartz sand can all effect the
performance of fuse. Then the filling compactness of quartz sand can also effect it directly.
Generally speaking, the more compactive the quartz sand is Tfilled, them the higher the
breaking capacity of fuse will be and the lower the temperature will be.For the same property
and breaking capacity of fuse, the more compactive the <quartz sand is filled, the nore
vell-knit the volume and structure of fuse can be made and the more the cost can be reduced.
Sc¢ it becomes one of the important techniques of fuse whether the «quartz sand is [filled

compactly or not. What is the best way to fill quartz sand? VYou can get the answer in this
paper.

2. The method of [illing quartz sand and its evaluation criterion

The method to fill quartz sand in fuse is to put the fuse link on the vibration stand, and
makes it vibrate with the vibration stand continuocusly, then the quartz sand in the quartz
box are poured into the cartridge through the tube and hole until it is full. Obviously, the

filling compactness depends on the vibration mode of vibration stand and Lhe mounting mode of
fuse link.

2.1 The folloving feour vibration modes are adopted

A. Vibration in horizontal direction

The fuse link vibrates right and left with the vibration stand in the horizontal direction.
The amplitude and vibration frequency of vibration stand can be adjusted.

B. Impacting vibration in the horizontal direction

The fuse link vibrates with the stand ip horizontal direction, at the same time an impacting
force is applied on the fuse link (about 5 kef) in the horizontal direction.

C. Vibratien in vertical direction

The fuse link vibrates up and down with the stand. The amplitude and fregquency of the
vibration of the stand can be adjusted.

D. Impacting vibration in vertical dircction

The fuse link vibrates up and down with the vibration stand, at the same bime an impacting
force is applied on the stand with a specific frequency.

2.2 The folloving two mounting modes of fuse link on the vibration stand are adopted

A. Fuse link is fixed vertically on Lhe vibration stand

B. Fuse link is fixed on the plane of the vibration stand at dilTerent inclination

Various mothods of filling with gquartz sauwd are established by wusing Lhe above-mentioned
different modes of vibration and mounting.the tesls of the compactness of filling with quartz
sand in the fuse link have been made one by one and the best method of [illing has been
found, The vibration amplitude on the vibration stand of the fuse link may be 0.4, 0.3, 0.25,
0.2, 0.15 mm, the frequency may be 55, 52, 50, 48, 45, 40, 30, 20 Hz, the vibration time may
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be 2.5 min, the filling hole of fuse link are all covered with quartz sand during the

filling. In order to establish a criterion for evaluation of different wmethods, we adopt a
conception of compactness All:

vhere: Qo the weight of filled quartz sand before vibration,

0 the weight of filled quartz sand alter vibration.
For defining the weight of quartz sand of every fuse link, the measurement is carried out
three times and an average value is adopted. (Quartz sand {illed by little and little through
the filling hole from the tube near the cover. The quartz sand is weighed with the balance
of 0.01 g precision. The granule diameter and chemical composition of quartz sand used in
the test are indicated in Table 1.

Table 1
il it T T T T T e T T !
: Granule Diameter | Chemical Composition and Content ¥ :
|

i

! oo kit it poos i B R -
, nn | sig, | A1L,0,, Ca0 | Med | Fe,0 | Loss due to
{ | 1 I } | burnout |
b o e e po-mn A Jmm e 1
! 0.2-0.5 :99.?9 ; 0.08 | 0.004 :0.004 1 0.01 : 0.112 !
1 f |
e I SR, Jmm____nL____h_s ...... dee Y

3. Results of tests

3.1 Fuse link is fixed vertically on the vibration stand and vibrated in horizontal direction
A. As amplitude A=0.2 nwm, duration of vibration t=2.5 min, the vrelations between the

compactness of filled aquartz sand A% and vibration freaquency f are shown in Table 2 and
Figure 1.

Table 2
prommmeemmes o prosmmes i o promTmees 1
| f Wz o, 45 ) 48 . 50 ! 52 | 55 |
f i i ! I
i
e T e T
i {
P A0 % [ 10.16 ) 16.60  14.12 y 13.44 ) 12.45

Table 2 and figure 1 show that there is an optimum vibration frequency vhen fuse link 1is
[ixed vertically and vibrated in hovizontal direction. WYhen freguency is below or over this
optimum frequency, the compactness of filling with quartz sand will reduce obviously. It is
better to take 48 lz here,.

B. The relations between the compactness of filled quartz sand AQ and the vibration amplitude

A under the vibration freauency =48 Hz and duration of vibration t=2.5 min are shown in
Table 3 and Figure 2.

Table 3
r P [ . T 1
: A mnm : 0.10 ; 0.20 ! 0.25 ; 0.30 ; 0.40 }
e R O S U 1
: AT % : 5.58 : 16.60 : 16.50 : 15.48 : 14.88 |
S RS o R F 1 !

It is not appropriate to use an amplitude larger or smaller than (0.2-0.25)mm.

3.2 Fuse link is fixed on the vibration stand with a specific inclination angle and vibrated
in horizontal direction.

A. Under amplitude A=2.5 mm, frequency -f=48 Hz, duration £=2.5 min, the fuse link is [ixed on
the vibration stand with 2n inclination of 10° and vibrated in horizontal direction, the
compactness AU will be higher than that without inclination. The test resulls are shown in
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Table 4.
Table 4
1 1 —————————— | !
; irclination 1 o? : 10° ;
{
I e e e e | R |
{ f i
; FARN A % i 16.60 1 17.11 [
| {
L e IR b |

B. Under the same condition ss 3.2.A, the compactness AQ will be raised, when 5 kgf impacting
force is applied on the fuse link. The test results are shown in Table 5.

Table 5
oo T oo [~ 1
|
| inclination | of 10° ro10f i
f ' i
R T |
g oo e e :
jeondition of | without | without 1 with {
| impact | impact force | impact force iimpact forceI
| \ !
[T I B R !
i A6 3% = 16.60 ! 17.11 | 17.80 |
LR L 1 ! |

C. Under the same condition as in 3,2.8, if the vibration frequency is reduced adequately at
two-thirds of the specified vibration duration, then AQ will be brought to an optimum value.
The results of the tests are shown in Table 6.

Table 6
prmmmmmmm T T”"'—""; """"""" [FToTrTm T oI N i
| inclination | 0 10’ ro10° ! 10° !
H
L Vo] i R b J
r ! | x ! |
1 inpact force | without ! without | with J with |
[ I impact force iimpact force | impacl force! impact force |
| ! ]
b e O { ------------------- 4
|
{  changing t | ! ireduce adequately :
! vibration | without | without i without Ithe frequency at |
: frequency i | | ltwo-thirds of the |
| | ! | lspecified duration!
1 ! ! I jof vibration l
oo pormmooee e fremmemn e enmmoe oo R ,
LoAD % : 16.50 i 17.11 | 17.60 : 19.17 |
[ b e e b S 3

D. Prolonging the duration of vibration in horizental dircction as A=0.2 am, [=48 liz, will
not obviously raise the AQ. The resulls of the Lesls are shown in Table 7.

Table 7

| | 2 b 2t -
! . | ! i
| t min i 2.5 i 3.5 |
i | { i
% ———————————————— b o A 3

!
boAg % ‘ 16.60 ! 16.70 ;
i 1
b b e b

3.3 Fuse link is (ixed on the vibration stand in vertical direction and vibrated in vertical
direction.

A. Under amplitude A=0.2 mm, duration of vibration t=2.5 min, the rclations between the
compaclness AR and vibration frequency f are shown in Table 8 and Figure 3.
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Table 8 and Figure 3 show that fuse link has also an optimum vibration frequency when it is
fixed 1in vertical direction and vibrated in vertical direction. It is better to adopt 30 Hz
here. It is lower than the optimum frequency vibrated in horizontal direction.

B. Under vibration frequency (=30 Mz, duration of vibration t=2.5 min, the relations betveen
the compactness AQ and vibration amplitude A are shown in the Table 9 and Figure 4.

Table 8

(T T oo T 1
{ A ma o 0.15 1 0.30 :' 0.30 | 0.40 |

! i i
[ SN | Y S !
i 3 v ! T 1
p A% : 7.31 1 15.05 ! 14.12 ! 12.50 :
{
b ] SN DU SN Lo .1

Table 9 and Figire 4 show that it is better to adopt the amplitude of vibration stand 4A=0.2
mmn here, when fuse link is fixed on the vibration stand and vibrated in vertical direction.
€. Under amplitude A=0.2 mm, vibration freauency =30 Hz, adequately prolonging the duration
of vibration will obviously raise the AQ0. It is shown in Table 10. ’ -

Table 10
I [T Tttt ?
bt min boo2.s 5 ,
R — b S 1

| 15.05 17,47
i

D. under amplitude 4=0.2 mm, vibration frequency f=30 Hz, duration of vibration t=2.5 min.
The compactness of filling quartz sand AQ can be raised by continuously impacting the fuse

link, but it is not more obvious than that vibrated in horizontal direction. The results of
the test are shown in Table 11,

Table 11

1 T"'"'_———-__""T ______________ I
: Condition : without impact ; with impact | with impact !
 of impact 1 (300 time/min) | (160 timeimin)}
| i | | i
pomeneneeoes S  — demmnno o) .
P A0 % 15.05 1578 | 16.28 !
(IR S [N N I

E. Under the same condition as 3.3.D, the compactness of filling quartz sand AQ can be
raised, when the vibration stand is vibrated to a certain time, the vibration frequency is
reduced adequately. The results are shown in Table 12.

r

t Condi tion of

I Frequency (f) |

i {
-
|
!
|

N (U



- 97 -

3.4 Tuse
direction,
Under amplitude A=0.2 mm, vibration frequency =30 Hz, duration of vibration t=2.5 min the
relation between the compactness of filled quartz sand AQ and the inclination angleol can be
abtained by altering the angle between the plane of stand and fuse link,as shown in Table 13.

link is fixed on the vibration stand at different angles and vibrated in vertical

Table 13

Table 13 shows that if it filled sand under vertical vibration, the fuse link can be mounted
without inclination.

4. The influence of the compactness of filled quartz sand AQ upon the breaking capacity of
fuse.

After a fuse link of rated voltage 415 V ac and rated current 100 A is filled with quartz
sand in different ways, the test at the maximum joule integral (Izt) is performed under the
test voltage 460 V ac, current 6.3 kA and cos®w=0.29. Results of tests are shown in Table 14.

Table 14

[rooTToTmrm T | ; ____________ R

modes of filling quartz sand general according |
! ! |
| P t to the |
! | | mnode of ]
{ results of tests | | 3.2.C |
| . | [
__________________________________ R O
‘ |
| Pre-arcing 1°t.10° s L oass 32 |
1 ! Ny
__________________________________ *._,_____,,H,,_,,V_.__...__.,___.‘_...W
! ! {
| Oeerating 2t.10 Ms : 85.7 i 64 |

|

O P R . .
| ‘ |
{Peak value of cut-off current k&; 6.63 g 5.92 :
b ] e J

Table 14 shows that in a certain range, to increase the compactness of filling quartz sand AQ
may raise the breaking capacity of fuse. The reason for this is that to raise the compactness
of filled quartz sand can increase the thermal capacity of sand in unit volume of cartridge
and the capacity sucking up arc energy (2.1 kw.s per gram of quartz sand). At the same tinme
it may liwit the expansion of arc diameter and the increase of pressure in arc area, so as to
strengthen de~ion of arc area, thus making the arc-quenching easier.

5. Results

5.1 No nmatter how vibration is performed in horizontal direction or in vertical direction,
vhen the quartz sand is filled, the best vibration amplitude A and frequency [ are existed in
all cases. So we can gain higher compactness AQ under these circumstances.

5.2 Vhen the quartz sand is filled, no matter how vibration is performed 1in horizontal
direction or in vertical direction, AQ will be raised by reducing the frequency adequately
after two-thirds of the specified duration of vibration.

5.3 VWhen the fuse link is fixed on the plane of the vibration stand with a certain
inclination, wvibration 1in horizontal direction can raise the compactness of filled quartz

sand. But vibration in vertical direction can't obviously increase it.

5.4 Under the same compactnessAQ and optimum condition, the duration of vibration |in
horizontal direction will be one hall of that in vertical direction.

0
5.5 The fuse link is fixed on the plane of the vibration stand with an inclination about 10
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and vibrated in horizontal direction with impact, the vibration frequency is reduced af?er a
certain appropriately time of vibration the methods can bring the compactness AQ to maflmuT.
Besides, the duration of the vibration may be shortened. This method is suitable for using in
the factory production.
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Fig.3 Relation between the compactness Fig.4 Relation between the cowmpactness
AQ and frequency f at amplitude A=0.2 Al and amplitude A at vibration freaquency
me duration of vibration t=2.5 min f=30 Hz, duration of wvibration t=2.5 nin
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