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““Thist inverition relates” to'the protecﬁron’* of
électric circuits” and-the” protectmn of'té
rotating: machmery, apparatusand devic
are ‘connected into -éléctrie  ‘cirtuits - an
Tates more- partlclﬁa,rly to fuses-of -thé: current-'
limiting - type.' “Thé‘térm current-limiting-fuse
is “generally ‘apphed -to' fizses” ‘which limit the
flow -of  clirrent’ ‘well* ‘below-th ‘1ghest short-
circuit-current Whlch the -cireuit’ mto Which’ the
fuse' is-inserted- i --able 1o produce “That ‘cur-
rent is*referred:to-as'the’aviilable’ short "_tnrcult
current; wh11e ‘the highest currént - which & cur-
rent-hmltmg “fuse ‘permits*topass is Yefétrred-to

as’ ‘the 4et-through’ current. :
¥ The cun'ent-hml‘mng actxon of ‘most’ cdrrent-
limiting ‘fuses’ is-due*to’ the“mteractlon of ‘the
metal* vapors' resultlng ‘from “the “"vaporization
of ‘the’ ink of “the fuse ‘and ‘an-inert pulverilent
arc-quierniching* filler by which the Tink" is &ur-
réunded.’ “The “Hnk conststs generally, though
not - necessarily, of “$ilver “becduss” sﬂver “has a
relatively high conductivity in“itsd6liq’ state,
whlle 1ts va,pors are  Very poor conductor of

arc. quenchmg filler as,.for mstance quarf:z e?,nd
the tempera,ture of the silver vabors 1s ‘rapidly

no ‘longer & conductor of electmmty I 14
the'* duration™of ‘arding” throigh the’ Iabynnth
path formea by the mtersinces between the. par-
be, “or* actuany is, " véry short a’ por‘ﬁlon of the
particles fuse and are sintered toéether The
slagslike body>tormed by "fusmg ‘and’ smtenng
of “filler “particles -i§" freqiiently: referred™ “to -as
fulgurite. It is a semi-conductor of electricity
as'long: as’it is at g fairly elevated Stemperature.
As:it cools-down: it:turns into: a-honi-céndiictor
of electricity: or:insulator.” Metal ¥&pors: whick
are-blasted:into the:portions:of ‘the pulverulent
arc quenching- filler :relatively-rémote: from'the
arcing :zone-and which- diffuse -further:toward
the- boundary walls .of the fuse, i.~e:;>the-casing
thereof, condénse on the large cool surfaees of
the filler particles and form-a.silver-quartz-con-
glomerate Which has.an extremely h1gh electric
résistance and may be | considered . as.an msulator
of electrmlty for all practlcaI ends and purposes.
‘Short-circuit currents “which' circulate in’.an
electnc éircuit’ subJect all ro“oa,tmg electrical ina-
chinery, -#pparatus’ and - dévices" throtgh . ‘which
they flow £6° electro-«magnetic Stresses: and strains
and- éausea ‘risé-of temperature of*thé condtictors
thirough 'which ‘they “flow “which -may éndarger

10

even cause ‘the therma_,l destructmn ‘thereof.
The higher thé short-circuit éurrents ‘which iiay
oceur, the*higher *the' Teéqiiited --mechafii

strengths .of-rotating: electrical maechinery: i
paratus-‘and’ devices-which may be subjected to
them.- Fhus-electrical eénginéers aré constrained
to-build meehanical strensth into rotating ‘elec-
trical-machinery, -apparatus-and-tevices which
is-never -heeded" ‘during-their normal fe- -exeept
on-rare ‘occasions -during -smallfractions-of a
second-between the'tinié of oéeurrence of‘a short-
circuit -dne*the- interruption “thereof: by a-suit-
able “protective “device, - Tt* is - obvmusly “iidom-
patible with ‘ecolomic reasoning to- desrgn ro-
tating-electrical ‘inachinery;’ ‘gpparatus ‘snd“de-
vices for the ‘extremeé split isecond* requn‘ements
of - fault -conditions rather than’ for normal ‘all
year round- -operating - cond1t10ns Prior to the
application - of - current-limiting fuses rotatmg
électrical -michineéry,’ apparatus and devices
could not be designed on ax-ecotiomic: basm Sifice
all designs *had “to-"be- predicated ‘on rare” fault
conditions rather tHatt' Aidrmal ‘operdting condi-

» tlons Whlch v1rtua,11y prevail all’ of the‘time

“While it is“true that ‘méchanical strength Te-
qulrements decréase ' as the ‘duration’ of the ac-
tion of theforce decreases, thus making it pos-~

vsible to bmld Iess mechamcar strehgth mto'ro-

85

eéoniomic desigh of electiical ¥

that the mechamcal propertles of" rotatmg élec-
trical ~mach1nery, a,ppa,ratus and dé‘ i¢

upon normal operatmg ‘conditi

step’ m the ‘direction” toward & ré ra,tlonaI, nd

ting machmery,
efectrical appa¥atus snd dévices consisted in the
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advent of the current-limiting fuse which made
it possible to interrupt short-circuit currents ex-
tremely rapidly at relatively low values, i. e., be-
fore they reached the highest values which the
circuit is capable of producing. This enabled a
drastic reduction of the short-time ratings of
rotating electrical machinery, electrical appa-
ratus and devices.

Heretofore it was necessary to design rotating
electrical machinery, apparatus and devices,
even if protected by current-limiting fuses, in
such a way as to render them capable of with-
standing the relatively high let-through cur-
rents prevailing if the fuse was designed for
high minimum fusing currents, i. e., if it had a
high current carrying capacity. This limita-
tion resulted from the fact that the current-
limiting fuses which were known prior to this
invention had a fixed or inflexible ratio between
their minimum fusing current or rated current
and their let~-through current which was rela-
tively small and could not be increased. This
ratio and its inflexibility for any prototype of
current-limiting fuses made it impossible here-
tofore to take full advantage of the potentiali-
ties inherent in the current-limiting principle.
In other words, it was. still necessary to design
much more mechenical strength and thermal
shock resistance into any piece of electrical

equipment than is warranted by its normal op- g

erating conditions and reasonable safety factors.

It is, therefore, an object of this invention to
provide a protective device in the nature of a
current-limiting fuse permitting a drastic re-

duction of the mechanical strength and thermal :

shock resistance requirements compared to those
which had to be imposed heretofore.

Another object of this invention is to provide
means enabling electric systems and any type
of electrical equipment associated therewith to
be designed on a more economical basis than
was possible heretofore. )

Another object of the invention is to provide
means enabling the use of electrical equipment
having smaller short-time ratings than were. re-
quired heretofore under the same or similar con-
ditions, and enabling a reduction of the short-
time ratings even though the available short-
circuit current of the circuit in which the equip-
ment is intended to be used is considerably in-
creased.

Another object of the invention is to provide
a type of current-limiting fuses which is designed
in such a way that the let-through current can
be determined independently, or substantially
independently, from the minimum fusing cur-
rent and the rated current thereof.

Another object of the invention is to provide
a type of current-limiting fuses which enables
an increase of the ratio of minimum fusing cur-
rent. to peak let-through current compared to
prior art current-limiting fuses.

Another object of the invention is to provide
a type of current-limiting fuses which makes it
possible by minor changes in design to vary the
ratio of rated current to let-through current.

Another object of the invention is to provide
an improved current-limiting fuse which is par-
ticularly suitable for the higher end of the low
voltage range; i. e., the range around 1000 volts.

A still further -object of the invention is to
provide a current-limiting fuse of very small
overall size suitable for the highest available
short-circuit currents that may oceur in present
day practice and in forseeable future practice.
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In carrying out my invention I prefer to usé
fuse  links of which substantially the entire
length, or at least the preponderant portion
thereof, consists of a variable cross-sectional
area section having a relatively large number of
serially related portions of relatively small cross-
sectional area and intermediate portions of rela-
tively large cross-sectional area.

Fuse links of this kind make it possible to
distribute the thermal duty of the arc quench-
ing filler relatively evenly over the entire filler
body. This in turn tends to permit a reduction
of the overall size of the fuse and more particu-
larly of the internal space of the fuse casing.
Puse links of the above kind have a relatively
even longitudinal temperature distribution and
are therefore capable of forming rapidly a gap
of the length required for interruption or a
number of small gaps in series having the same
effect. This in turn tends to limit the arcing
time and the arc energy and makes it possible
to limit the internal space of the fuse casing, or
the required amount of arc quenching filler,
respectively. Another factor tending to permit
a decrease of the size of fuses according to this
invention consists in the possibility of prede-
termining the let-through current irrespective
of the minimum fusing current,” thus enabling
to limit the interrupted power on the occurrence
of fault currents of short-circuit current pro-
portions to any desired minimum value. The
heat absorbing capacity and the volume of the
arc. quenching filler may be limited in propor-
tion to the limitation of the interrupted power.
The combined result of all these features is a
drastic limitation of arc energy on.interruption
of small protracted overloads as.well as on in-
terruption of fault currents of short-circuit cur-
rent proportions and this makes it possible to
provide -a current-limiting fuse having much
smaller dimensions than any comparable cur-
rent-limiting fuse ‘known or proposed hereto-
fore.

For a better understanding of my invention
reference may be had to the accompanying
drawings wherein: )

Fig. 1 is a substantially central longitudinal
section through a single fuse constructed in ac-
cordance with my invention. Certain parts of
gig. 1-are shown in elevation rather than in sec-

on;

Fig. 2 is'a transverse cross-sectional view of
the fuse shown in Fig. 1 taken along the:line
2—2 thereof;

Fig. 3 is'a front view of a fuse link intended
for fuses of the general type shown in Figs. 1
and 2;

Fig. 4 is a substantially central longitudinal
section through a composite fuse which com-
prises a plurality of fuses of the kind shown in
Figs. 1 and 2.  Certain parts of Fig. 4 are shown
in elevation rather than in section;

Fig.' 5 is ‘a transverse cross-sectional view of
the fuse shown in Fig. 4 taken along the line 5§
thereof; : :

Fig. 6 is a diagrammatic representation illus-
trating the mode of operation of fuses accord-
ing to this invention in comparison to the mode
of operation of prior art current-limiting fuses;

Figs. 7(a) and 7(b) are two diagrams which
illustrate the behavior of a fuse embodying the
invention under normal load conditions;

Figs. 8(a) and 8(b) are two diagrams which
illustrate the behavior of a fuse embodying the
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invéntion undetofaiilt ‘cutrents-ofshort-eircult
current’proportions;

- Fig. 9 is’ the maximum: let-through ‘current
versus available ‘short-cifeuit current character-
istic of &' prototype prior :art-current-limiting
fuse and of a current-liriiting fuse of the same
prototype -chatiged; ‘however, 'in- secordance with
this invention;

“Fig, 10 lustrates afamily: of ‘euives: referring
to ‘a':certain’ type lof :prior ‘art Zurrént-limiting
fuses,  This figure §hows the total clea¥ing time
in seconds plotted ‘Ve¥sus: let~th¥otich current in
amperes. ' 'Both the-abscissas and the ordihates
are drawn on 4 logarithric scale;

‘Fig. 11 shows  a - family ‘of ‘cutves of g kind
similar to that:shown in:Fig. 10 but-Fig. 11 refers
to ‘a group of ‘fuses-hHaving the same ‘rating yet
differing as fegards let-thredgh current: and
* Fig.-12 shows “twototal ‘cleatring ‘time versus
let-through ‘current characteristics of ‘which one
refers"to a prioriart fuse-and the other to the
same-fuse provided, however, with thelet-through
current- control feature according to this inven-
tion.
~Fig. 13 i§ a diagtammatic Tepresentation of a
protective system embodying the invention and
comprising & pair of serially tonnected fuses hav-
ing the-same cuirent rating, vet operating selec-
tively on the occurrence of high fault ‘eurrents.

" "LiKe reference siénshave been applied through- 3

éut-all figures to designate like parts,

‘Refefring now t0 Figs. 1°and 2, reference nu-
meral ‘I-hds been spplied to'a-casing of laminated
insulating material in-which:the ribbon-type link
2 of silver is mounted. "Thelink 2‘might be made
of -a°metal-othef than- silver, however, for the
reasons stated ‘above ‘silver is preferable. Link
2" is provided with a plurality ‘of equidistant
circular ‘perforations- of ‘holes 2a. Casing [ is
filled i part with @ suitable sand-filler 3. Clean
chemically pure quartz sand is the preferred
filler material' for ‘this ‘type ‘of fuses. The right
end of casing f is filled with a gas evolving ‘pul-
verulent - material ‘8a -such -as ‘chemically pure
chalk. ' ‘The préessure generafed “bythe chalk
filler 3a under the heat of the arc remains within
reasonable ‘limits since ‘only a’ relatively short
lehgth of link 2 is-surrovnded by the gas-evolving
filler-3a. The increase of pressure ‘Wwithin casing
| ‘due to the evolution of gas from filler 3a re-
siilts in an increase of the dielectric strength of
the space’ within the fuse in accordance with
Paaschen’s law. That portion of link 2 which is
stirrounded by ‘the gas evolving filler 3a may be
provided with an alloy-forming element 5 in the
form-of a tin rivet. Tin has a lower fusing point
than silver'and forms an alloy with silver which
has a fower fusing point than silver. If tin rivet
5 is-inserted in one’ of ‘the holes - 2a; fusion will
generally 'be initiated on the occurrence of small
protracted overloads at the point where the rivet
5 is situated. - If, on the other hand, rivet 5 is
emitted, fusion ‘will ‘generally be ‘initiated on the
occurrence of small protracted overloads at the
restricted cross=section: portion 2¢, 2c formed
adjacent the pair of circular-holes 2a¢-at the cen-
ter ‘of the link 2. It will ‘be ‘Observed that each
restricted cross-section portion 2c, 2¢ consists of
two current paths in-parallel. “Upon -vaporiza-
tion of these two-parallel current-paths the gaps
thus:formed-are -occupied by ‘a’pair of small ‘are-
Iets‘in-parallel. Since arclets in ‘parsllel are un-
stable,> one -arclet will- extinguish - very ‘rapidly.
The ‘other arclét will f6llow: tourse within a very
short-time, . R v
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oIt s importantito avoidimixing ofifillers $-and
3o 'when: the Tuse is shipped or: ‘Handled zgnd,
therefore, a partition $:is-arranged-between, fillers
37and 3a. v -
- It -will “be :noted :that the:internal dtameter
of -easing 1is relatively-small, i.-e!, it is:in*the
range:of*twice"the- ‘width -of"the ‘fuse link -2,
This reduction’of size is‘due tothe factthat the
fuse is ‘designed-to limit are energy - more ‘dras-
tically thanh: any ‘currént<limiting fise kfiown or
pr¥oposed heretofore, and more:particularly to'the
feature” which will be ‘described below “énaling
a-reduction of the let-througheurrent:below the
minimam-“values ‘which ‘were ‘thought heretofore
to-bé the lowest possible limit. " On thé “otHer
hand, the thickness of ‘the wall* of ‘thé ¢éasing I
is'Considerable to provide themechanical strength
Recessary -beeause of thé generation of a °rela-
tively -high amount ' of -pressure therein. : Both
ends of the fuse casing are’ ‘closed by teFminal
caps or ferrules indiéated by reference sienscéa
and €b.” Fuse link 2 is conductively connected
to-the caps or ferrules-6a, 65 by suitable ‘means
such as, for ihstance, spot welds. -Ferriiles 6a,
6b are rolled into-the easing | ‘for -added strength.
- Puse link 2 is also provided “Wwith @ portion:of
reduced cross-section 2. The portionsof tediised
cross-section 2b is smaller in-cross=section’ than
the'sum of the cross-sections.of the patallel cur-
rent paths 2c, 2¢ formed laterally adjacent egch
hole 2a.  The length of:the “portion .of -reduced
cross-section 2b is relatively:shortand this lithits
the amount of heat which is being generated: at
this point. - Since the geometry-of theleft side
of the link 2 is different from: the geomeétry .of
any point at ‘the right side thereof: (seeFig. 1),
the thermal characteristics of hoth lirk séctions
will ‘be different. The minimvam fusing cudvert
is mainly determined by-the iight sidé Lot ithe
link. -Assuming that ¥ivet 5 hag been’ omiitted,
then fusionr will be initiated on the oceirrence of
small protratced overloads atthe point of reduced
cross-section ‘2c, 2¢ at the center of link 2. “The
reduced cross-section portion 2b is formed by two
lateral juxtaposed square rotches T.. ~Fheigéom-
etry of:the entire link and:the design’ of the-parts
associated with it are-determined in:§tch d way
that the ratio’ of the raté of heat generation to
the rate' of “heat dissipation Is+largerfor “edch:
redueed cross-section portion consistingof :
of -parallel -current ‘paths 2¢, 2c, than for ithe
neck ‘portion 2b ‘on’ the: veeurrence: of -Gurrents
having 3: relatively small ‘rate. ofrise:and lavper
for said neck portion 2b than said reduced - eross~
section portions2c, 2¢-oni ‘the oceurrence-of 6ver-
currents having a relatively rapid-rate. of-iFise.
If -there is a small protracted’ overload the ra-
tio of heat generation to heat dissipation will ‘be
relatively- close-to uhity at the:ineck’ 2bBecaise
of the relatively short length of-‘the:samedand be-
cause-of ‘the relatively large metal’ surfaces sand
masses immediately adjacent ‘theréto; ineluding
the large cap-6a. ~Hence the rise 0f tempefatire
at-the neck portion: 2b will bé:slow: sompared to
that-at the restricted cross-sectional ‘gted por-
tions 2¢, 2¢ where in case of small protracted

_overloads ‘the ratio”of ‘hedt ‘generation “to heat

dissipation -differs'more from: ‘untity than at the
neck’ 2b. “Consequently, -fusing “and ‘areing will
be‘initiated at the hottest of ‘the -serially related
restricted - cross-section “portions ‘2¢,'2¢ ifrand
when ‘the-overload is’small but protracted: :Such
as, for-instance; hardly exceeding the ‘minimum
fusing «éurrent. : L.

- The behavior -of the .fuse is, “however, very
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different if the fault current is high and the rate
of its rise high. A typical case of that nature
would be the occurrance of a short-circuit cur-
rent. The geometry of the serially related re-~
duced cross-section portions 2¢, 2¢ and of the
portions of link 2 immediately adjacent said
reduced cross-section portions of link 2 and the
geometry of the neck portion 2b and of the im-
mediately adjacent portions of link 2 are deter-
mined in such a way that the rise in temperature
at the neck portion 2b is much more rapid than
at the reduced cross-section portions 2¢, 2c¢ if
the fuse is subjected to fault currents of short-
circuit current proportions. The rise in tem-
perature at the neck portion 2b will be so rapid
as to cause fusion of the neck portion 2b in a
small fraction of a half cycle of the current wave
if the fuse is used in an A. C. circuit. If the
fuse is used in a D. C. circuit fusion of the neck
portion will occur in a comparatively short time
upon initiation of the short circuit. In both
cases arcing will last less than 3429 second. In
the A. C.case and in the D. C. case the interrupt-
ing time will generally be in the order of a few
milliseconds, e. g., 2-10 milliseconds. The inter-
rupting time is the interval between the fault
initiation and arc extinction. The current re-
quired to fuse the neck 2b is the let-through cur-
rent of the fuse. Vaporization of neck 2b acts
like a trigger resulting in almost instant vapori-
zation of the preponderant portion of the length
of the link situated to the right of neck 2b as seen
in Fig. 1.

It follows from the foregoing that fuses ac-
cording to this invention are provided with a uni-
tary fuse link 2 consisting of a strip or ribbon of
sheet metal which has two dissimilar portions of
reduced cross-section. The relatively wider of
said portions determines the minimum fusing
current while the relatively narrower of said
portions determines the peak of the let-through
current. The relatively narrower link portion 2b
fuses in considerably less time than Y20 of a
second, generally in less than half a millisecond,
on occurrence of fault currents in the nature of
short-circuit currents because its heat dissipating
ability is extremely small or negligible if the rate
of rise of the fault current is high. The rela-
tively narrow link portion 2b of the fuse link 2
remains at a lower temperature than the other
portions 2¢, 2¢ of reduced cross-section on the
occurrence of -fault currents of the same order
as the minimum fusing current because its heat
dissipating ability is extremely high if the rate
of rise of the fault current is small, or the fault
current is small. TIf the fault current isrelatively
small and tin rivet 5 is omitted, arc: initiation
will oceur at the reduced cross-section portion 2c,
20 situated at the center of link 2. Fusion of the
other reduced cross-section portions 2c, 2¢ will
soon follow. The formation of a plurality of arc-
iets in series effects more rapid inseration of arc
resistance into the circuit than can be achieved
by arc initiation at one point only and, there-
fore, tends to limit the arcing time and the arc
energy.

If the fault current is relatively small and
tin rivet 5 is in. place, arc initiation at small
protracted overloads will occur only at the point
where the rivet 5 is situated. The arc gap thus
formed will grow to the left and right, as seen
in Fig. 1, preponderantly to the left since that
portion of the link 2 is relatively warmer. The
fact that the fuse link comprises a plurality of
points of reduced cross-sectional area 2¢c, 2¢
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situated adjacent the -point of arc initiation
causes more rapid formation of the length of the
gap required for interruption of the circuit,
since each of said points of reduced cross-sec-
tional area 2c, 2c¢ is at a relatively high tem-
perature at the time when the arc is initiated
at the point where rivet 5 is located.  On ac-
count of the pre-heating of all points of re-
duced cross-sectional area. 2c, 2¢ a relatively
small amount of arc energy is required for va-
porization of a sufficient length of the link to
effect final circuit interruption.

Considering a fuse according to this inven-
tion having a link without tin rivet or similar
means for local reduction of the fusing point,
there is - critical value for protracted relatively
high overloads at which, and above which, fu-
sion of the link is initiated at the narrow neck
portion 2b rather than at the reduced. cross-
section portion 2c¢, 2c¢ situated at the -center of
the link. Similarly there is a critical rate of
rise of current at which fusion is initiated at
the neck portion 2b rather than at the reduced
cross-section portion 2e¢, 2¢ situated at the cen-
ter of the link. At protracted overloads which
are below -the critical overload value at which
fusion is initiated at the neck portion 2b in-
itial fusion may occur at a reduced cross-section
portion 2¢, 2c.

A similar shift of the point of initiation of
fusion may be observed with fuses according to
this invention having links which are provided
with a tin rivet or a similar means for local re-
duction of the fusing point. - A fuse according to
Ffig. 1 the link of which had the dimensions
more fully stated below in connection with the
description of Pig. 3 was found to have a min-
imum - fusing ‘current of 20 amperes. If sub-
jected to continuous currents in the order of 20
amperes, fusion would be initiated at the point
where rivet 5 was arranged. Upon increase of
the -overload to 40 amperes, initial fusion would
occur at the neck 2b rather than at any of the
portions of restricted cross-section 2c, 2¢.

Referring now to Fig. 3, the ribbon-type fuse
link of silver which is shown therein comprises
eight series holes 2¢ each having a diameter
of .046 inch. The centers of holes 2a are spaced
.203 inch apart. The total length of the link is
314 inches, its width .086 inch and its thickness
.093 inch. Upon mounting of the link in the
casing of the fuse the length of the link is re-
duced to 2 inches. The length of the neck por-
tion 2b which determines the let-through cur-
rent is .031 inch and the width thereof .010 inch,
The ratio of the cross-section of the neck 2b
or ‘its width, respectively, to. the cross-section
of the fuse link at its point of largest width, or
to its width at these points, respectively, is in
the order of 1:8.6 and this ratio proved to- be
rather critical.’ The distance between the left
end of the link and the center of neck 2b and
the distance between the right end of the link
and the last hole 2a farthest to-the right side
of the link are each 1% inch. The distance be-
tween the center of neck 2b and the center of
the hole 2a¢ farthest to the left side of the link
is .203 inch. The ratio of the cross-sectional
area of neck 2b to the cross-sectional area of
each pair of current paths 2¢, 2c is 1:4.

The metal parts 2b’, 2b’-formed by link 2 are
arranged immediately adjacent .the neck :por-
tion 2b and at opposite sides thereof. The metal
parts 2c¢’, 2¢’ are arranged immediately adja-
cent each reduced cross-section portion-2c, 2¢
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and at opposite sides:thereof.  The cross-sec~
tional area. of neck portion: 25 determines the
let-through current of the fuse in which link
2 'is mounted. The cross-sectional area of the
adjacent link sections 2b’, 2b’. and their length
and the.parts with. which: they are in contact,
including terminal ‘cap: 6a,. cause a relatively
rapid and-intense cooling of the-neck portion
2b as:long as the link 2 is subjected to a rela-
tively small overload.: In spite of the fact. that
the cross-section of.. the reduced cross-section
portions. 2¢, 2c¢:is four:.times as. high as the
cross-section of neck: portion. 2b,: the tempera-
ture-of the former portion rises more rapidly on
the ‘occurrence of small protracted overloads on
account of the fact that.the. intermediate link
portions..2¢’;, 2¢”: are.relatively ineffective cool-
ing means sinece each:intermediate link portion
2¢’, 2¢’ is heated by two. reduced. cross-section
portions 2¢, 2¢.- The zxially outer spot heat-
ed portions- of link 2 form effective thermal.in-
sulators of the axially inner portion of link..2
and on account of this the temperature of the
latter portion. follows rapidly changes. of. cur-
rent intensity within the lower overload range.
In other words, the fact. that fuse link 2 is pro-
vided with a plurality of reduced cross-section
portions 2¢, 2¢ reduces the temperature gradi-
ent between the center of the link and the ad-

jacent axially outer parts. thereof and the small- :

ness. of said temperature gradient greatly in-
‘creases the. rate.of change of temperature by
which the center portion of the link responds to
changes of current intensity within the overload
range.
of reduced cross-section..2¢, 2¢ where the tem-~
perature of the link 2 is highest, if a fuse of
which link 2 forms part -is subjected to long
protracted. overloads such as; for instance; over-

loads in the range of the minimum fusing cur- :

rent-and larger currents: of . load current pro-
portions.

On. the occurrence of large fault currents in
the nature of short-circuit.currents the rate of
rise of current is so rapid: that . heat dissipation
from the points of reduced cross-section 2b and
2¢, 2¢ by radiation, conduction and..convection
is virtually zero and hence negligible. 'There-
fore the fusing process.is merely -governed by

the heat; generated-at the reduced cross-section

portions 2b and 2¢; 2c¢: and. the. heat absorbing
ability. of the adjacent portions .2b’, 26’ and 2¢’,
2¢’ and of' any other parts of the fuse structure
does not come into: play. Consequently: among
all portions- of reduced cross-section 2b: and 2c¢,
2¢ that. will: melt ‘soonest. which has the smallest
cross-sectional area. : This. is the neck portion 2b.

It is of - considerable importance to properly
choose.the average. grain size-of the quartz filler
for: filling the individual fuse units. - The flow of
hot: metal: vapor through the interstices between
the quartz particles is obviously highly turbulent
and this:tends- to: increase.the rate:of deioniza-
tion:-of :the arc-produets but tends:to: increase
flow: resistance: Quartz sand:of 30740 mesh- size
proved-to be most satisfactory:in fuses. aceord-
ing tothis invention. -

Referring now to Fig. 6, line-Ir indiecates the
rated current-of -a given -current-limiting fuse
and-Ir max the- peak value of -Ir.  Line I indi-
cates- a -completely: asymmetrical « short~circuit
current. The shert-circuit is- initiated: at- the
time_ To-and - its-initial rate of rise has been in-
dicated by drawing a . tangent to line I through
point Too If & prior art current-limiting fuse

Hence arc initiation occurs at the point &
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is-provided: in the-circuit, both:the maximums let=
through:-current and the-rated current and: also
the minimum fusing current are determined by
the cross-gectional ‘area of the point. of smallest
cross=section: of ‘the fuse link. The rated: cur-
rent is determined:by the prototype of fuse under
consideration: - including.” many’- design:- factors
among ; which:' the: cross=sectional- ares - of - the
point of smallest cross-section. is one.; The max-
imum: let-through: current depends only upon: the
poinit - of : smallest: cross=section . since “heat ex-
change -phenomens ‘have: very little, : and :prac-
tically no: part inthe heating of:the point of
smallest: . cross=section:” There "is; therefore, a
fixed relation between.rated: ‘current and: maxi-
mum let-through -current, i. e., any changé of
the :one affects the-other.. To- be more specific,
any Jincrease of the rated current results: in an
increase: of the maximum-let-through current;
thus precluding to increase ‘oné and reduce the
other.. This applies:-to fuses of the type wheresin
both the. interruption of relatively high currents
and :of  relatively ‘low: currents “is initiated by
fusion of a unitarylink and to fuses with a com-

‘posite fuse link including a section of metal hav=-

ing a-relatively low melting point. wheéreiti inter~
ruption of relatively low currents:is initiated by
fusion of the low melting: point section. Iii the
latter type of fuses a portionor portions .of re-
‘duced- cross-section serve to'generate at least
in part the héat required for fusing: the low
melting point section; and, therefore, in fuses of
that kind the rated current and minimum fusing
current and ‘the let-through current are -liké-
wise in g fixed relation to each ‘othier.:

In Fig. 6 line Ii‘indicates the let-thfough cur-
rent which is allowed to pass through a- prior
art current-limitihg  fuse ‘wherein let-through
current and- rated-current ‘(and also minimum
fusing currenty are interdependent ' and any
change of one of them has a marked effect upon
the other. Line Ir refers’in particular to a cur-
rent-limiting fuse of* the type wherein any in-
crease of the rated current (and minimum fus-
ing current) results in a correspondingly’ large
increase of' the let-through current.” The let-
through current Ir rises from To to Tz in sub-
stantially the same way as the available short-
circuit current I. At T the let-through current

' begins to: decrease from its peak value Ti max to

zero.. Actual current zero is reached about the
time T3 prior to the first natural zero of the cur-
rent wave following fault inception,
. In a fuse according to this invention having
the same rated current I: the fuse link is com-
plefely melted at .a much earlier timé and a
gradual reduction of the let-through current
from its peak .value i1 max-to zero. begins at the
time T1.

Actual current zero is reached shout-the time
T3, generally prior to that time.

It is apparent that

7 'max«I' 1 max

and this enables to" include into the circuit ro-
tating electrical machinery, apparatus and de-
vices which have much smaller short-time rat-
ings than.was possible heretofore, 'The rotat-
ing electrical machinery, apparatus and devices
which are. applicable, if protected by fuses ac-
cording to this invention, are unable to with-
stand. impulse. currents of the peak value Iimax
and. duration. To—T2. and,; therefore,. cannot. be-
used.where merely prior art- curent-limiting fuses
with their fixed relationship between maximium
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let-through current and rated current (and
minimum fusing current) are relied upon for
‘protection.

Since the arc energy which is dissipated dur-
ing the arcing time is fi2-r-df and since the
let-through current values in the case of the
prior art current-limiting fuses are much higher
than in current-limiting fuses according to this
invention, it is apparent from Fig. 6 that fuses
according to this invention result in a substan-
tial limitation of arc energy and consequently a
substantial reduction of the bulk of the cooling
means required for dissipating the arc energy
and, therefore, in a corresponding reduction of
the overall size of the fuse.

Referring now to Figs. T(a) and 7(b), these
two diagrams show the temperature of the neck
portion 2b and the teéemperature of one of the
reduced cross-section portions 2¢, 2¢ near the
center of the link plotted versus time.
time 0 the neck portion 2b and the reduced
cross-section portion 2c¢, 2¢ are at ambient tem-
perature. Upon closing of the circuit at the time
0, the temperatures of portions 2b and 2¢, 2c
begin to rise. The rises of the temperatures of
both follow different exponential curves. Though
the cross-sectional area of the neck portion 2b
is considerably smaller than the cross-sectional
area of the reduced- cross-section portion 2¢, 2¢
under consideration, the rise in temperature of
the former is smaller than that of the latter. Tt
takes also more time for the neck portion 2b to
reach its steady state temperature than for the
reduced cross-section portion 2¢, 2¢ under con-
sideration to reach its steady state temperature.
It has been assumed that the current to which
the fuse is subjected is of permissible magnitude.
Hence the temperature of the fuse link remains
under the fusing temperature level which has
been indicated by dotted lines f parallel to the
abscissa. .

The steady state temperature of the neck por-
tion 2b is obviously less than the steady state
temperature of the reduced cross-section portion
2c, 2c.

Assuming now that the load current would be
increased, this would result in an increase of the
steady state temperature of neck portion 25 and
of the reduced cross-section portion 2¢, 2¢. In
spite of its small cross-sectional area the rate of
rise in temperature of the former would be less
than that of the latter. If the increase of load
current is sufficiently high to cause fusion of the
link, the fusing temperature will be reached first
by the reduced cross-section portion 2¢, 2¢ and
the neck portion 2b might never reach the fusing
temperature of the metal of which the fuse link is
made.

In drawing Fig. 8(a) and 8(b) it was assumed
that the fuse was subjected for a considerable
period of time prior to and at the time {=0 to
the same load current as in the case shown in
Pigs. 7(a) and 7(b). Consequently, the neck por-
tion 2b and the reduced cross-section portion 2¢,
2¢ will be at their respective steady state tem-
perature equal to the steady state temperatures
shown in Figs. 7(a) and 7(b). It is assumed
that a fault current of short-circuit current pro-
portions is initiated at the time Ts. Conse-
quently the temperature of both the neck portion
2b and the reduced cross-section portion 2¢, 2¢
will then rise at a very rapid rate indicated by
the temperature versus time characteristics of
Figs. 8(a) and 8(b) wherein time is expressed in
terms of microseconds. The neck portion 2b is
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cooled  much moie effectively than the reduced
cross~section portion 2c¢, 2c. Yet, nevertheless,
the rise in temperature of the former is much
more rapid than the rise of temperature of the
latter. This is due to the fact that heat genera-
tion at the neck portion 2b occurs at a more
rapid rate than at the restricted cross-section
portion 2c, 2¢ under consideration and that the
rate of heat generation at 2o and at 2¢, 2¢ is so
rapid that their temperature is virtually unaf-
fected by heat exchange phenomena which would
take more time in order to have any significant
effect upon temperature distribution aiong the
link. After the interval Af:; following initiation
of the fault current the fusing point of the neck
portion 2b has been reached and the interrupting
process proceeds from there on in normal fashion.
if the temperature of the reduced cross-section
portion Zc, 2¢ would continuously rise at its ini-
tial rate, reduced cross-section portion 2c¢, 2¢
would reach its fusing point after the interval
Ata. :
Afap Aty

Actually it takes more.time for the reduced
cross-section portion 2c¢, 2¢ to reach fusing tem-
perature. This is mainly due to the fact that
vaporization of the fuse link begins at the end of
the time interval Af; resulting in a considerable
increase of the resistance of the current path
through the fuse and a concomitant decrease of
current flow. Because of that decrease of cur-
rent flow the rate of increase of temperature of
the reduced cross-section portion 2¢, 2¢ decreases
at the end of Af; and it takes Alz’ rather than Atz
for the reduced cross-section portion 2¢, 2¢ to
reach fusing temperature.

At yAts

It is of considerable importance with regard to
the desired operation of the fuse that the neck
¢b which determines the maximum let-through
current be arranged immediately adjacent one of
the caps or ferrules 6a, 6b (see Fig. 1) rather than
relatively close to the center of the fuse link 2.
If the neck 2b is arranged relatively close to one
of the axially outer ends of the fuse link, the
cooling of neck 2b is increased on account of the
relative nearness of the large mass of the termi-
nal cap 6a and the relative remoteness of the
additional points of relatively large heat genera-
tion formed by the reduced cross-section portions
2¢, 2¢. The cooling action of cap 62 upon neck
2b varies in accordance with ambient tempera-
ture conditions but is always so large as to keep
the neck portion 2b at a lower temperature level
than any of the restricted cross-section portions
2¢, 2¢ as long as the current which flows through
the fuse is of lesser magnitude than a short-
circuit current. The fact-that the rate of heat
flow from neck’' 2b to cap 6a may widely vary
with ambient temperature conditions has, there-
fore, no bearing upon the operation of the fuse.

Where high current carrying capacity is re-
quired which may be in the order of many hun-
dreds of amperes or of the order of thousands of
amperes, a plurality of fuse units of the type
shown in Figs. 1 and 2 may be arranged in paral-
lel in the circuit to be protected and integrated
into one single self-contained structural unit.
Such a composite fuse may have two terminal
elements at opposite ends thereof to which a plu-
rality of links may be directly secured so as to
be in immediate contact with the terminal ele-
ments. However, this type of design has not been
found as desirable for embodying the invention
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inicomposite’high current-carrying capacity cur-
rent-limiting - fuses - as- the -structure shown in
PFigs. 4 and-5, particularly if the circuit voltage
is relatively high, e. g. in the order of 1000 volts.
Figs. 4 and 5 show a composite fuse structure
having .a very high- current-carrying capacity
particularly designed and adapted to limit the
peakof. the: let-through  current- well below the
order to’ which this-could be achieved with any
prior art current-limiting power fuse, -

Referring now to-Figs. 4 and 5, reference nu-
merals.8a-and 8b-have been applied to two metal
blocks-which are preferably made of copper and
are: provided with blade. contacts-9a - and 9b in-
tended . for insertion into a fuse holder (not
shown). - Metal blocks-8a and 8b are.provided
with a plurality of pairs.of substantially cylin-
drical :recesses- 10a; 10b;.10a’, 10b";. {0a’’, I10b'’;
10a!’%,  10B”’’; (0a’’’’, 10b’’’’.. The fuse com-
prises a.plurality of fuse units which.are identi-
cal.with-the.fuse unit.shown.in Pigs. .1.and 2 and
which .are, therefore, only. more or less: diagrams=
matically illustrated-in Figs..4.and; 5. .-Reference
numeral l. has.been.applied to the.tubular-cas-
ings.of each.of said plurality of: fuse. units and
reference numerals. 6q;. 6b- have been.applied.to
the:.pair of terminal -caps:.of. which. one.is ar-
ranged.at.each. end..of -each casing: I.. Each.of
said.pair. of terminal -caps.6a, 8b is.inserted . un-

der pressure into.one.of .said. plurality. of.recesses ¢

(0a, _10B; ..10aZ. 1067 10a’’, 10b’’; ete. and
tightly. held .therein to provide for minimum re-
sistance teo.current.and heat flow. Theé pulveru-
lent cooling. substanee I{, e. g.,.quartz sand, is
arranged.in the spaces formed between.casihgs
. . Intercasing. filler. ii. is 'a safety means. ih
case.that.one. of the. casings | of the fuse units
should burst under the.pressure developed there-
in or in case that hot.gases should leak out of the
casings. I. without. impairing. the same.. . The in-
sulating shield. 12 is arranged. between. the blocks
8a- and. 8b.and éncloses the fuse units which
are_arranged between blocks 8a and 8b and. the
sand. filler {1 arrahged in the spaces formed be=
tween the fuse units. .Eaceh casing | accommo-
dates a fuse link 2 and a . lihk-surroundihg .inert
arc-extinguishing fillér 8, preferably clean quartz
sand.- Each link hag a plurality of serially re-
lated portions . 2¢, 2c. of reduced cross-section

adapted to determine thé minimum fusing cur- &

rent of the link. “Each link has at least one addi-
tional neck portion.2b of smaller cross-section
than said reduced’cross-section portions: 2¢, 2¢:
The neck portioris 2b are arranged.immediately
adjacent: the terminal caps 62 and the terminal
¢aps ‘6a are under -considerablé pressure in - im-
mediate contact with the block 8a. Herce . block
8a will"tend" to considerably cool the: neck porsz
tions 2b during the normal operation of the fuse
and during times when the fuse is subiected to
overload’ currents which-have a relatively small
rate of rise. " Becauseof the combihed  coolinig
action of the caps 6a'and the block 8a:the necks
2b'remain normally at a lower temperature than
each of the serially related portions 2c¢; 2¢ of rex
duced cross-section, a5 clearly ‘shown in " Pigs:
T(a) and 7(®). ] .

Pig. 9 sHows two maximum let-through- cur-
rent versus available short=circuit current ¢har=
acteristics. - The maximum let-through current
is measured in peak. amperes and.the gvailable
short-circuit eurrent in.R. M. S. amperes... Both
the abscissae and the ordinates are drawn in a
logarithmic scale.. The.upper curve refers.to..a
prior.art .multiple. link .current-limiting. fuse:of
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a given prototype similar-to.the-fuse shownrin
Pig: 4 but lacking any let-through current limit-
ing:neck means. The fuse is rated at 200 am-
peres. The lower curve. refers: to a fuse-of the
same prototype rated:at 200 amperes and gener-
ally:identical with-the fuse to which the upper
curve - refers; “except- for the: provision - of let-
through: current-limiting neck portions in.the
nature. of the neck portions. 2b. shown- in Figs.
1.and 4. - While the peak- of the let-through cur-
rent of - the prior art-fuse.is way above 3000 :peak
amperes, if the-available. short-circuit. current
is-2000 R. M.. S. amperes, the peak let-through
eurrent: of the.same fuse, upon. being modified
according to this invention, .is reduced. to the
order of 1500 amperes. For the fuse which. is
modified aceording to this invention, the reduc-
tion of the peak-let-through current holds true
throughout. the. entire range. of available short-
circuit. currents. - If the. available short-circuit
currents -is 100,000 R. M. S.. amperes, the peak
of .the let-through.current is way above 40,000
peak. amperes for. the. prior. art. structure.and
merely a fraction of this for the structure ac-
cording to this invention. .

For low voltage circuits the ratio of peak cur-
rent-fto total. R. M. S. current—including a.D. C.
component—is in the order of 1.68. The upper
curve in Fig. 9 shows that at available short-cir-
cuit. currents of 2000 R..M.'S. amperes and above
the. fiise permits. the entire available short-cir-
cuit current—whose peak,. on basis of the above
1:68 ratio is 3360 amperes-—to.pass. The cur-
rent-limiting action of the fuse.becomes. effective
only at considerably higher available short-cir-
cuit currents. The lower curve of Fig. 9 shows
that the peak of the. let-through current may be
limited at the.occurrence.of short-circuit curs
rents of relatively small magnitude at whick no
current-limiting action takes place in.the prior
art current-limiting fuse represented by the up-
per curve.

Fig. 10 shows thé need of using fuses having
different’ ratings for achieving selectivity when
applying prior art current-limiting fuses:

Fig: 11 shows that. four different fuses accord-
ing  to- this invention' which ‘have the same
rating operate selectively if. the fault current
is"in .excess .of 1359 of.the rated current. In
other words; by varying the let-through current
a group of fuses.may be obtained which permit
cascading and.limitation of interruption. to the
faulted section of the circuit.

In Pig. 12 the upper curve refers to a prior art
current-limiting fuse- and the lower curve to
the same.fuse with an addéd neck portion which
determines. the let-through current. The upper
curve in Fig. 127is one of the family shown in
Fig. 10/ and the lower curve.one-of the family
shown in Fig: 11.. THhe term let-through current
applied fo the absecissa of Fig. 9 refers to the
current which the fuse permits to pass and in-
cludes load and overlodd currents well below
the eurrent range at whiéh the. current-limiting
action cccurs. .

Having disclosed several preferred. embodi-
ments of my. invention,. it is desired: that the
same Ye not limited to the varticular structures
disclosed. Tt will be obvious to any person skilled
in’the art that many modifications and changes
may be made witlhiout departing from the broad
spirit and scope of my.invention. Therefore it
is desired that.the invention. be interpreted as
broadly. as. possible ‘and. that it be limited only
as.required. by the prior. state of the art.
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T claim as’ my invention:

1. A current-limiting fuse comprising o pair
of link sections each consisting of a unitary strip
of sheet metal, and each having a reduced cross-
section portion of different cross-sectional area,
one of said pair of link sections having a reduced
cross-section portion of relatively large area
being adapted when surrounded by a pulverulent
arc-extinguishing material to have a required
current-carrying capacity but having an exces-
sive let-through current, the other of said pair
of link sections having a reduced cross-section
porticn of relatively small area and a smaller
let-through current than said one of said pair of
link sections, and cooling means associated with
said other of said pair of link sections sufficiently
effective to keep the overload current carrying
capacity thereof above the overload current car-
tying capacity of said one of said pair of link
sections, said pair of link sections being serially
arranged in a common pulverulent filler filled
casing to combkine required current-carrying ca~
pacity and required let-through current char-
acteristic.

2. A current-limiting fuse comprising & cas-
ing, a fuse link mounted in said casing and sur-
rounded by a pulverulent arc-quenching iiller,
said fuse link having a. plurglity of substan-
tially identical serially related portions of re-
duced cross-section and at least -one serially
related neck portion of smaller cross-section
than said reduced cross-section portions, the
geometry of said reduced cross-section portions
and of the. portions of said link immediately
adjacent said reduced cross-section portions and
the geomietry of said neck portion and of the
portions of said link immediately adjacent said
neck portion being determined. in such a way
that the rise in temperature at said reduced
cross-section portions is more rapid than  at
said neck portion if the flow of current in said
link is in the nature of a .relatively.small pro-
tracted overload and that the rise in tempera-
ture at that neck portion is more rapid than at
said reduced cross-section portions if the fow
of current in said link is in the nature of a short-
circuit current.

3. A current-limiting fuse comprising a cas-
ing, a fuse link mounted in said casing and sur-
rounded by a pulverulent arc-quenching filler,
said fuse link having a plurality of portions of
reduced cross-section and a plurality of portions
of relatively large cross-section intermediate
said reduced cross-section portions, the length of
each said relatively larger cross-section portions
being a multiple of the length of said reduced
cross-section portions and each said reduced
cross-section portions consisting of a pair of
conductive elements forming separate parallel
current paths, said fuse link further having at
least one neck portion of smaller cross-section
than said reduced cross-section portions, the
dimensions of each constituent part of said link
being determined in such a way that the ratio
of the rate of heat generation to the rate of
heat dissipation is larger for each said reduced
cross-section portions than for said neck portion
on the occurrence of overcurrents having a rela-
tively small rate of rise and larger for said neck
portion than said reduced cross-section portions
on the occurrence of overcurrents in the nature
of short-circuit currents.

4. A current-limiting fuse comprising a cas-
ing, a fuse link of silver mounted in said casing
and surrounded by quartz sand, said link having
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a plurality of substantially identical -gircular
perforations arranged - along the center - line
thereof to form a plurality of portions of reduced
cross-gection, the spacing between said perfora-
tions cxceeding the length thereof hut being suf-
ficiently small to cause dissipation of substan-
1izlly the entire perforated length of said link
on {he oceurrence of currents in the order of
the minimum fusing current, said fuse link fur-
ther having at least one neck portion formed by
a pair of lateral notches and smaller in. cross-
section than each said reduced cross-section
portions, the dimensions of each constituent part
of said link being determined in such a way
that the ratio of the rate of heat generation
to the rate of heat dissipation is smaller for
each said reduced cross-section portions than
for said neck portion on the occurrence of over-
currents having a relatively rapid rate of rise.

5. A current-limiting fuse comprising a casing,
a fuse link mounted in said casing and sur-
rounded by a pulverulent arc-quenching filler,
said fuse link having a plurality of serially related
portions of reduced cross-section and at least one
serially related ~additional portion of smaller
cross-section than said reduced cross-section por-
tions, the geometry of said reduced cross-section
portions and of said additional portion and the
geometry of the portions of said link immediately
adjacent said reduced cross-section portions and
immediately adjacent said additional  portion
being determined in such a-way that the ratio of
the rate of heat generation at each said reduced
cross-section portions to the rate of heat flow
away from each said reduced cross-section por-
tions to the portions of said link immediately ad-
jacent said reduced cross-section portions exceeds
the ratio of the rate of heat generation at said
additional portion to the rate of heat flow away
from said additional portion to the portions of
said link immediately adjacent said additional
portion on the occurrence of overcurrents having
a relatively slow rate of rise, while said first men-
tioned ratio is smaller than said last mentioned
ratio on the occurrence of overcurrents having a
relatively high rate of rise.

6. A current-limiting fuse comprising a casing,
a fuse link mounted in said casing and sur-
rounded by a pulverulent arc-quenching filler,
said fuse link having a plurality of substantially
identical perforations arranged along.the center
line thereof to form a plurality of serially related
portions of reduced cross-section; the spacing of
said reduced cross-section portions being suffi-
ciently narrow to cause dissipation of the entire
perforated length of said link on the occurrence
of relatively small overcurrents, said fuse link
having at least one serially related neck portion
of smaller cross-section than each said reduced
cross-section portions, -said neck portion having
at least the same current-carrying capacity as
said reduced . cross-section portions, and said
neck portion being adapted to rise more rapidly
in temperature than said reduced cross-section
portions on the occurrence of overcurrents of
short-circuit- current proportions.

7. A current-limiting fuse comprising a casing,
a fuse link mounted in said  casing and sur-
rounded by an arc-quenching filler, said fuse link
having a plurality of serially related substantially
identical portions of reduced cross-section adapt-
ed to fuse substantially simultaneous!y at the oc-
currence of small protracted overloads to dis-
tribute the thermal duty of said filler along a
substantial portion of the length of said link, said
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link further having an additional serially related
portion.of reduced cross-section adapted to carry

higher currents than said reduced cross-section.

portions.and to initiate arcing more rapidly than
said reduced cross-section portions if the rate of
rise of current is relatively high.

8. A current-limiting fuse comprising a casing,
a fuse link mounted in:said casing and sur-
rounded by a pulverulent arc-quenching  filler,
said fuse link including a plurality of serially
related portions of reduced cross=section having
a predetermined ratio of heat generation to heat
dissipation and at least one additional portion of
smaller cross-section than each of said plurality
of reduced cross-section portions; said additional
portion having a smaller ratio of heat generation
to heat dissipation than each of said plurality of
reduced cross-section portions whereby said plu-
rality of reduced cross-section portions is caused
to fuse initially at relatively small overloads and
whereby said additional portion is caused to fuse
initially at fault currents of short-circuit current
proportions.

9. A current-limiting fuse comprising a tubu-
lar casing, a fuse link mounted in said casing and
surrounded along a preponderant portion of the
length thereof by an inert pulverulent arc-
quenching filler, said fuselink having at least one
portion of reduced cross-section proportioned to
initiate fusing of said link at the occurrence .of
relatively small protracted overloads, said link
having at least one additional portion of smaller
cross-section than said reduced cross-section por-
tion, the ratio of the cross-sectional area of said
reduced cross-section portion to the cross-sec-
tional area of said additional portion being of the
order of 4:1, and cooling means associated with
said additional portion to impart to said addi-
tional portion a higher current-carrying ability
than the current-carrying ability .of said portion
of reduced cross-section.

10. A current-limiting fuse comprising g c¢as-
ing, a pair of terminal elements, one at each end
of said casing, a fuse link interconnecting said
terminal elements, mounted in said casing and
surrounded by a pulverulent arc-quenching
quartz filler, said link having a plurality of seri=

ally related substantially identical portions.of re-.

duced cross-section adapted to -cause . initial
fusion at the occurrence of small protracted
overloads at one of said reduced .eross-section
portions, said link having an additional serially
related portion of smaller cross-section than said
reduced cross-section portions, said additional

portion being arranged immediately adjacent one.

of said terminal elements and cooled sufficiently
effectively to increase the current-carrying ability
thereof above the current-carrying ability of said
reduced cross-section portions. :

11. A current-limiting fuse comprising & tubu-
lar ‘casing of laminated insulating material, -«
fuse link .of silver mounted in said casing and
surrounded along & preponderant portion of the
length thereof by a quartz sand filler, said fuse

link having at least one portion of reduced cross-
section proportioned to initiate fusing of saidlink
at ‘the occurrence of relatively small protracted:
overloads, said link having at least one portion of’

smaller cross-section than said reduced cross-
section portion proportioned to determine the let-
through current of said fuse, and cooling ‘mea.ns
associated with said smaller cross-section porfion
to impart to said smaller cross-section portion a
higher current-carrying ability than the current-
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carrying ability of said portion of reduced cross-
section.

12, A current-limiting fuse comprising a tu-
bular casing of laminated insulating material, a
fuse link of silver mounted in said casing and
surrounded along a preponderant portion of the
length thereof by a quartz sand filler, said fuse
link having at least a first portion of reduced
cross-section designed to determine the ilet-
through current of said fuse, said fuse link hav-
ing at least a second portion of reduced cross-
section but larger in cross-section than said first
portion, first metallic cooling means formed by
said link and assecciated with said first portion,
second metallic cooling means formed by said
link and asscciated with said second portion,
the effectiveness of said first cooling means and
the effectiveness of said second cooling means
being related in such a way as to cause arc initi-
ation on the occurrenc: of relatively high cur-
rents at said first portion and to cause arc initi-
ation on the occurrence of relatively smaill pro=
tracted overloads at said second portion.

13. A current-limiting fuse comprising a pair

; of :spaced metal blocks, a plurality of pairs of

recesses in said metal blocks, one of each of said
pairs of recesses being provided in one of
said pair of metal blocks and the other of
each of said pair of recesses being provided in
the other of said pair of metal blocks, a plu-
rglity of tubular casings each having a pair of
terminal caps, one on each end thereof, each said
pair of terminal caps being inserted under pres-
sure in one of said plurality of pairs of recesses

: and tightly held therein to provide for mini-

mum resistance to heat flow, a pulverulent
cooling substance in the spaces formed between
said plurality of tubular casings, an insulating
shield surrounding said pair of metal blocks and
enclosing said pulverulent cooling substance,
each of said plurality of tubular casings accom-
modating a fuse link and a link-surrounding
bulverulent arc-extinguishing filler, each link
having at least a portion of reduced cross-section
adapted to determine the minimum fusing cur-
rent of said link, and each link having at least
an additional portion of smaller cross-section
than said reduced cross=section portion, said por-
tion :of smaller cross-section being arranged im-
mediately adjacent one of said pairs of metal
blocks and adapted on account of the cooling
action thereof to remain normally at a lower
temperature than said reduced cross-section
portion of said link.

14. A current-limiting fuse comprising a pair
of spaced metal blocks, a plurality of ‘pairs of
recesses in said metal blocks, one.of each of said
bairs of recesses being provided in one .of said
pair of metal blocks and the other of each .of
said pairs of recesses being provided in the other
of ‘said pair of metal blocks, a plurality of tubu-
lar casings each having a pair of terminal caps,
one on egach end thereof, each said pair of ter-
minal caps being inserted under pressire in one
of said plurality .of pairs of recesses and tightly
held therein to provide for minimum resistance
to current and heat flow, a ‘pulverulent cooling
substance in fhe spaces formed between said
plurality .of tubular casings, an insulating shield
between isaid-pair .of metal blocks and enclosing
said plurality of tubular casings and said pul-
verulent-cooling substance, each-of said Pplurality
of tubular casings accommodating a fuse link
and a-link-surrounding pulverulent inert arc-
extinguishing filler, each-link having g plurality
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of serially related portions of reduced cross-sec-
tion adapted to determine the minimum fusing
current of said link, and each link having at least
one additional portion of smaller cross-section
than said reduced cross-section portions, said
portion of smaller cross-section being arranged
immediately adjacent to one of said pair of metal
blocks and adapted on account of the cooling
action thereof to remain normally at a lower
temperature than each of said plurality of seri-
ally related portions of reduced cross-section.

15. A current-limiting fuse comprising a cas-
ing, terminal elements on opposite ends of said
casing, a fuse link mounted in said casing and
surrounded by a pulverulent arc-extinguishing
filler, said fuse link having a plurality of serially
related portions of reduced cross-section includ-
ing one let-through current determining portion
of smallest cross-section arranged immediately

adjacent to one of said terminal elements, the

length of said smallest cross-section portion be-
ing so short and the combined heat dissipating
ability of said one of said terminal elements and
of the portions of said link adjacent said small-
est cross-section portion so high that the rate
of rise in temperature at said smallest cross-
section. portion is less rapid under load condi-
tions and in the low overload range than-at any
other point of said link.

16. A current-limiting fuse comprising a cas-
ing, terminal elements on opposite ends of said
casing, a fuse link of silver mounted in said cas-
ing and surrounded by quartz sand, said link
having a plurality of serially related portions of

reduced cross-section including a let-through ;

current determining portion of smallest cross-
section arranged immediately adjacent to one
of said terminal elements, the length of said
smallest cross-section portion being so short and
the combined heat dissipating ability of said one
of said terminal elements and of the portions
of said link adjacent said smallest cross-section
portion so high that the rate of rise in tempera-
ture at said smallest eross-section portion is less
rapid than at any other point of said link as
long as the flow of current in said link is below
a predetermined critical value.

17. A current-limiting fuse comprising a cas-
ing, terminal elements on opposite ends of said
casing, a unitary fuse link mounted in said casing
and surrocunded by a pulverulent arc-extinguish-
ing filler, said fuse link having a plurality of se-
rially arranged portions of reduced cross-section
and a plurality of portions of relatively large
cross-section intermediate said reduced cross-
section portions, said fuse link further having
a let-through current determining neck of smailer
cross~-section than each of said reduced cross-
section portions arranged immediately adjacent
to one of said terminal elements, the length of
said neck being so short and the combined heat
dissipating ability of said one of said terminal
elements and of the portions of said link ad-
jacent said neck so large that the rate of rise
in temperature at said neck is less rapid under
load conditions and in the low overload range
than at any other point of said link.

18. A current limiting fuse comprising a casing,
terminal elements on opposite -ends of said cas-
ing, a unitary fuse link of silver mounted in said
casing and surrounded by quartz sand, said link
having a plurality of perforations arranged along
the longitudinal axis thereof, said plurality of
perforations producing a plurality of reduced
cross=section portions each consisting of a pair
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of conductive elements forming separate parallel
current paths, said fuse link further having a
let-through current determining neck of smaller
cross-section than each of said reduced cross-
section portions arranged immediately adjacent
to one of said terminal elements, the length of
said neck being so short and the combined heat
dissipating ability of said one of said terminal
elements and of the portions of said link adjacent
said neck so large that the rate of rise in tem-
perature at said neck is less than at any other
point of said link as long as the flow of current
in said link is below a predetermined critical
value,

19. A current-limiting fuse comprising a pair
of relatively massive spaced metal blocks, means
defining a plurality of pairs of recesses in said
pair of metal blocks, one of each of said pairs of
recesses being provided in one of said pair of
metal blocks and the other of each of said pairs
of recesses being provided in the other of said
pair of metal blocks, a plurality of tubular cas-
ings each having a pair of terminal caps, one on
each end thereof, each of said tubular casings
having annular grooves therein, and each of said
pair of terminal caps having an annular flange
portion depressed into a said casing groove to
lock said pair of terminal caps on one of said
plurality of tubular casings, each said pair of
terminal caps being inserted under pressure in
one of said plurality of pairs of recesses in said
pair of metal blocks to provide for minimum re-
sistance to current and heat flow and to effect
rigid connections between the pair of metal
blocks, each of said plurality of tubular casings
accommodating a fuse link and a link-surround-
ing pulverulent inert arc-extinguishing filler,
each link having a plurality of serially re-
lated portions of reduced cross-section adapted
to determine the minimum fusing current of said
link, and each link having at least one additional
portion of smaller cross-section than said reduced
cross-section. portion, said -portion of smaller
cross-section being arranged immediately ad-
jacent to one of said pair of metal blocks and
adapted on account of the cooling action thereof
to remain normally at a lower temperature than
each of said plurality of serially related portions
of reduced cross-section.

20. An electric system including a pair of cas-
caded protective devices having substantially the
same current rating, at least one of said devices
being a current-limiting fuse, said fuse compris-
ing a casing, terminal elements on opposite ends

5 of said casing, a fuse link mounted in said casing

and surrounded by g pulverulent arc-extinguish-
ing filler, said fuse link having a plurality of
serially related portions of reduced cross-section
including one let-through current determining
portion of smallest cross-section arranged imme-
diately adjacent to one of said terminal elements;’
the length of said smallest cross-section por-
tion being so short and the combined heat dissi-
pating ability of said one of said terminal ele-
ments and of the portions of said link adjacent
said smallest cross-section portion so high that
the rate of rise in temperature at said smallest
cross-section portion is less rapid under load and
moderate overload conditions than at any other.
point of said link.

21. An electric system including a pair of cas-
caded protective devices having substantially the
same current: rating, at least one of said pair
of devices being a current-limiting fuse, said fuse.
comprising a casing, terminal elements on op-~



2,658,203

21

posite ends of said casing, a fuse link of silver
mounted in said casing and surrounded by quartz
sand, said link having a plurality of serially re-
lated portions of reduced cross-section including
a let-through current determining portion of
smallest cross-section arranged immediately ad-
jacent to one of said terminal elements, the length
of said smallest cross-section portion being so
short and the combined heat dissipating ability
of said one of said terminal elements and of the
portions of said link adjacent said smallest cross-
section portion so high that the rate of rise in
temperature at said smallest cross-section portion
is less rapid than at any other point of said link
as long as the flow of current in said link is
below a predetermined critical value.

22. An electric system including a pair of cas-
caded protective devices having substantially the
same current rating, at least one of said pair
of devices being a curren:-limiting fuse, said fuse
comprising a casing, terminal elements on op-
posite ends of said casing, a unitary fuse link
mounted in said casing and surrounded by a
pulverulent arc-extinguishing filler, said fuse link
having a plurality of serially arranged portions of
reduced cross-section and a plurality of portions
of relatively large cross-section intermediate said
reduced cross-section portions, said fuse link fur-
ther having a let-through current determining
neck of smaller cross-section than each of said
reduced cross-section portions arranged immedi-
ately adjacent to one of said terminal elements,
the length of said neck being so short and the
combined heat dissipating ability of said one of
said terminal elements and of the portions of said
link adjacent said neck so large that the rate of
rise in temperature at said neck is less rapid
under load and moderate overload conditions
than at any other point of said link.

23. An electric system including a pair of cas-
caded protective devices having substantially the
same current rating, at least one of said pair of
devices being a current-limiting fuse, said fuse

comprising a casing, terminal elements on op- -

posite ends of said casing, a unitary fuse link of
silver mounted in said casing and surrounded by
quartz sand, said link having a plurality of per-
forations arranged along the longitudinal axis
thereof, said plurality of perforations producing
a plurality of reduced cross-section portions each
consisting of a pair of conductive elements form-~
ing separate parallel current paths, said fuse link
further having g let~through current determining
neck of smaller cross-section than each of said

reduced cross-section portions arranged immedi- :

ately adjacent to one of said terminal elements,
the length of said neck being so short and the
combined heat dissipating ability of said one of
said terminal elements and of the portions of said
link adjacent said neck so:-large that the rate of
rise in temperature at said neck is less rapid than
at any other point of said link as long ag the
flow of current in said link is of smaller than a
predetermined critical value.

24. A current-limiting fuse comprising a cas-
ing, a unitary fuse link consisting of a strip of
sheet metal mounted within said casing and sur-
rounded by a quartz filler, said strip of sheet metal
having two portions of reduced cross-section hav-
ing different cross-sectional areas, the relatively
larger of said portions being adapted to deter-
mine the minimum fusing current, and cooling
means associated with the relatively smaller of
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“said portions having a sufficiently high heat dis-

sipating ability to preclude fusion of said rela-
tively smaller of said portions at currents of load
proportions and at relatively small protracted
overload currents.

25. A current-limiting fuse comprising a cas-
ing, a fuse link mounted in said casing and at
least in part surrounded by a pulverulent quartz
filler, said fuse link having a plurality of substan-
tially identical serially related portions of reduced
cross-section, said fuse link further having at
least. one serially related neck portion having a
width in the order of 14 to % of the width of said
link and of smaller cross-section than each of
sald reduced cross-section portions, said neck
portion being arranged immediately adjacent an

" axially outer end of said link to impart to said
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neck portion at least the same current-carrying
capacity as any of said reduced cross-section
portions, each of said reduced cross-section por-
tions being cooled relatively ineffectively to pre-
clude the current-carrying capacity thereof from
exceeding the current-carrying capacity of said
neck portion.

26. A current-limiting fuse, comprising a cas-
ing, a fuse link of silver mounted within said
casing at least in part surrounded by a pulver-
ulent quartz filler, said fuse link having a plu-
rality of substantially identical perforations ar-
ranged along the center line thereof to form a
plurality of serially related portions of reduced
cross-section, a tin rivet inserted into one of
said perforations to reduce the fusing point of
said link at the point thereof where said rivet
is inserted therein, said link having at least one
serially related neck portion having a width in
the order of 1 to 16 of the width of said link,
said neck portion being arranged immediately ad~
jacent an axially outer end of said link to impart
to said neck portion at least the same current
carrying capacity as any of said reduced cross-
section portions, each of said reduced Cross-sec-
tion portions heing cooled relatively ineffectively
to preclude the current-carrying capacity thereof

5 from exceeding the current-carrying capacity of

said neck portion.

27. A current-limiting fuse comprising a tubu-
lar casing, a fuse link mounted in said casing and
surrounded by a pulverulent silicious filler along
a preponderant portion of the length thereof, said
link having metallic means associated with at
least one portion thereof adapted to form an alloy
with the metal of which said link is made at tem-
peratures below the fusing point of sald metal
to initiate fusing of said link at the occurrence
of relatively small protracted overloads, said link
having at least one additiona] portion serially re-
lated to said alloy-forming portion having a
width in the order of 3 to 1 of the width of said
link, and cooling means associated with said ad-
ditional portion to impart to said additional por-
tion a higher current-carrying ability than the

current-carrying ability of said alloy~-forming
portion.
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