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3 Claims.

The present invention relates to fuse links and
more particularly to improvements in fuse links
of the character disclosed in applicant’s copend-
ing applications Serial No. 514,030, filed December
13, 1943, Serial No. 533,824, filed May 3, 1944, and
Serial No. 637,528, filed December 28, 1945, all
assigned to the same assignee as the present
invention.

It is an object of the present invention to pro-
vide an improved fuse link of simple construe-
tion which provides long time overload protec-
tion, short time transient overload protection
and is self-protected against damage due to light-
ning surges and the like. i

In accordance with a further object of the
invention, improved and exceedingly simple facil-
ities are provided in the link for protecting the
link against burn-out or damage when subjected
to lightning surges or the like,

The present invention, both as to its organiza-
tion and method of operation, together with fur-
ther objects and advantages thereof, will best be
understood by reference to the following specifi-
catidn taken in connection with the accompany-
ing drawings in which the single figure is a frag-
mentary sectional view illustrating a fuse link
characterized by the features of the present in-
vention.

Referring now more particularly to the draw-
ing, the present improved fuse link i5 is there
illustrated as comprising a tubular metal casing
31 having an open lower end and a, flanged upper
end which is closed by & terminal cap 32.

The construction and mode of operation of the
fuse link components provided within the metallic
casing 3{ are substantially the same as disclosed
and claimed in applicant’s co-pending application
Serial No. 637,528, filed December 28, 1945, and
assigned to the same assignee as the present in-
vention, with the important exceptions pointed
out below. This casing 3! houses three fusible
elements 40, 4! and 42 which are connected in
series circuit relationship between the casing 31
and the pigtail conductor 37. The two elements
41 and 42 are both formed of Nichrome wire or
another metal wire or ribbon of the desired resis-
tivity and are both of the same cross sectional
area, such that they possess substantially iden-
tical time-current fusing characteristics. The
fusible element 41 is substantially straight
throughout the major portion of its length and
the lower end portion thereof is centrally disposed
within the upper end portion of a stranded pigtail
conductor 37, the overlapping portions of the two
elements 4f and 37 being telescoped within &
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metal assembly sleeve 44. This sleeve is crimped
adjacent the lower end thereof, as indicated at
44a, and the lower end of the fusible element 41
is brought out through the strands of the con-
ductor 31 and wrapped around the conductor 371
as indicated at 4ib.  After the three elements &1,
31, and 44 have been assembled to occupy the
relative positions illustrated, the crimp 44aq may
be formed around the lower portion of the sleeve
44 for the purpose of providing a rigid mechanical
connection between the three named parts.
Thereafter, the lower end portion of the sleeve
44, the adjacent portion of the pigtail conductor
37 and the wrapped end portion 41b of the fusible
element 41 may be soldered to provide a rigid
connection therebetween.

The fusible element 42 may more properly be
designated a combination impedance element and
heating element.in that it functions. in conjunc-
tion with the improved surge gap facilities de-
scribed below to prevent surge currents of large
magnitude from traversing -itseif and also acts
to heat the fusible element 40 to g, fusing tempera-
ture when the link is subjectéd to an overload
current for a sustained time interval. In order
to perform these two functions the element 42 is
constructed in the form of g helically coiled con-
ductor, and the upper end portion 42a thereof is
electrically and mechanically connected to the

Junder side of the contact head 32 by crimping

the same between the flange 31a and the cap 32.
The convolutions of the element 42 are spaced
apart axially of the tube 31, and the spaced apart
relationship between the turns is maintained by
embedding the same in a body of dielectric re-
fractory material 45. This body is preferably

. formed of a refractory cement and serves several
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functions which are pointed out with particu-
larity below. It may, for example, be formed of
Portland cement or any ceramic material which
iIs chemically inert, has high specific heat, and
is possessed of good electrical insulating proper-
ties. In order to increase the inductance of the
element 42, thereby to enhance the surge current
blocking function thereof, particles of magnetic,
material, such, for example, as iron powder or
magnetite, may be disposed throughout the body

" 45, but in no case should the density of the mag-
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netic particles be such as to provide conductive
paths capable of short-circuiting the convolutions
of the element 42. Among other functions, the
body 45 serves rigidly to position or support the
turns of the element 42 within the tube 31, and to
this end entirely fills the upper portion of the
tube. It also serves to support a tubular con-
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duetor 06 centrally of the tulbe 8i, this element
heing utilized in the connection of the Tusible
clement 4§ with the lower end portion of the coms=
pination heeting and inductance clemend 02,
pMore specifically, the upper tubular portion 6I
the connecting element 46 is projected well withim
the turns of the element 42 in spaced apari rela-
tionship therefrom, and is embedded in the vody
B, Ap ibs lower end this connecting element s
provided with an outwardly extending danee 18a
which serves to seat the lower turn of the elemend
42 in g manner such that the tubuler portion of
the element, 43 is supstantially concentrically dis-
posed within the turns of the element 42. This
lower purn of the element 42 is electrically and
mechanically connected to the flanged portion
46a of the element 46 by means of g high melting
point solder 47, or the like. The upper end of
the connecting element 46 is electrically end me-
chanieally connected {0 the upper serpentine end
4§q of the fusible element a1 through the fusible
clement 80, the latter element being in the form
of o body of alloy solder having @& melfing poind
of approximately 365° 7. Tt is to be noted that
the fusible element 40, as thus formed within the
tubular portion of the connecting element 46, 1s
disposed well within the turns of the element 42
so that heat generated by current conduction
through the latter element may be transferred
o0 the fusible element 40 through that portion
of the refractory body 45 which separates the
tusible clement 48 from the adjacent turns of the
clement 42. Spring tension imposed upon the
free lower end of the pigtail conductor 37 may
be utilized to rapidly withdraw the end 4ia of the
fusible element 40 from the connecting element
45 when the named susible element is heated to
g melting tempserature, and to widen o loreak in
the fusible element al gceasioned by heating this

element 0 o fusing temperature.

Tor the purpose of increasing the heat storage
capacity of the structure including ihe fusible
clement (8, a thermal storage element 68 is pro-
vided which is arranged in heat transier rela-
tionship with the clement 40 and the heating
element 42. This element is in the form of a
copper or brass rod disposed centrally of the
tubular cosing 3! and having its lower end con-

tacting the exposed upper surface of the fusible |

clement 40, It is held in an upright position in
sxisl alignment with the tubular conductor 48
by virtue of its oeing embedded in the body &3.

During prolonged use of the link, the upper por-
tion of the fusible clement 48 may many times
e heated to & fluid state without actual rupture
of the element due to lack of persistence of the
current overload responsible for the excessive
heat energy. Also repeated heating and cooling
of the body 48 may resuli in the formation of
smali interstices therein through which the fluid
metal could be dispersed to short-circuit the low=
er convolutions of the coileé conductor 82, This
would result in undesired modification of the
time-overload characteristic of the link. In order
0 obviate this possibility, 2 ceramic insulating
tube 49 is provided as a parrier between the parts
40, 46, and 48 and the turns of the coiled con-
ductor element 42, Specifically, this tube is tele-
scoped over the tubular conductor 46 to rest upon
the flange 4%¢ and is embedded in the body 49
in the manner illustrated. Being of heat resistant
ceramic material, the tube 49 is not subject to
cracking and hence acts as a leak-proof barrier
petween. the fusible slement 46 and the convolu-
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tions of the colled conductor element 82, Also,
sinee the tube 48 hes spproximaiely the same heat
transfer characteristics as the body 46, iis pres-
ence in the zone of head trensfer between the glg-
ments 60 and 08 and the element 42 does not
seriously complicate 4he rproblem of producing
links having substentially the same time-overload
characteristics in production guantities. Purther,
provision of the tube 49 in the structure facilitates
sssermbly of the component clements of the struc-
ture in the manner explained below.

In order to maintain the turns of the element
g9 out of contact with the metal casing 34, to
maintain the element 41 out of contact with the
tubular casing 31 and to provide & support for
the surge gap facilities described below, the en-
tire assembly within the casing 3{ and & part of
the sleeve 44 are surrounded by o tube 59 formed
of Bakelite or cther sultable insulating material.
At its upper end, this tube is provided with a
flange 58 pressed against the metal casing flange
3¢ when the cap 32 is fastened to the flange 3la.
This tube 50 fits snugly within and is adhesively
wonded to the tubular member 31, and the lower
end portion 50b thereof projects outwardly from
the open lower end of the casing 8f. It is coun~
terbored from the upper end to provide & first
portion B8c of large internal diameter for re-
ceiving the parts 42, 8%, 46, 48 and 49, and a sec- .
ong portion §9b of smalier internal diameter for
receiving the fusible element 41. The flange 56a
of the tubular conductor &6 is seated upon the
step B0d hetween these {wo portions of the tube 50,

Tn order to assist in producing arc extinction
within the tube 58 when the link is ruptured
cither through fusing of the element 46 or fusing
of the element &{, thas pari of the tube portlon
50p through Which the fusible element 41 extends
may be lined with o gas evolving material BE.
Preferably, this lining is in the form of a layer
of long fber celluiose adhesively secured to the
inner surface of the tube portion 56 between the
fiange 50d and the upper end of the sleeve 46 0
surround the fusible slement 61,

Tn accordance with the present invenilon, fuach
order Lo prevent lightning surges from rupsuring
the fusible heating element 42, a surge gap having
relatively immovable electrodes 13 comnecied in
shunt with this clement. Specifically, the heab
storage element 48 aaving s lower end in cleg~
trical and mechanical conbach with the uppsy €nG
of the fusibie body 19, is provided with an up
end which is spacel apart from & member
associated with the cap assernbly 32 in o manner
so a8 to deflne & smah gir gep 82 between the
member 56 and the sdjacent end of the heab
storage member 46. This gap in combination with
the storage element 48 and the fusible hedy 40
provides a surge path in shunt with the heating
clement 42 for by-passing surges ground this
element.

In considering the mode of operaiion of she
fuse link 15, it may be assumed that the trans-
former which the link protects is provided with
o low voltage secondary ioad which under normal
conditions approximates the full load capacity
of the transformer, and that this secondary load
includes motors and other devices which, during
the starting periods thereof, are capable of pro-
ducing heavy transient currents of relatively short
duration in both the primary and secondary wind-
ings of the transformer. In this regard, it wili
e underatood that due to the heat radiating capa-
bilities of the transformer paerts, the transformer
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may be capable of withstanding an overload cur-
rent of reasonable magnitude, such, for example,
as 200 to 300 per cent, for a relatively long time
Interval; whereas it can withstand current of the
order of 500 per cent of normal for only a short
time interval. It will also be understood that
the transformer is capable of being damaged by
a sustained increase in the voltage applied thereto.

The fuse link 15 operates to protect the trans-
former against damage occasioned by overload
currents caused by any one of the mentioned
factors. At the same time, the fuse link permits
the transformer to be operated under sustained
* overload current conditions for a period less than
that required to damage the transformer, and
will not rupture when subjected to the normal
and non-injurious high currents which are pro-
duced incident to motor starting, or the like. In
this regard it will be understood that since the
three serially related elements 40, 41 and 42 of
the link 15 are traversed by the current flowing
through the primary winding of the transformer,
they are all heated by current conduction and the
temperature of each element varies with changes
in the magnitude of this current. The fusible
element 40 is also heated by the heat conducted
thereto from the element 42 through the walls of
the connecting element 46, Heat energy is also
transferred from the
the fusible element 40 through that portion of
the refractory body 45 and the tube 48 which are
disposed between the tubular portion of the con-
necting element 46 and the surrounding turns of
the element 42, and also from the thermal storage
element 48. Under constant load current condi-
tions and with a constant voltage so long as the
load current through the secondary winding of
the transformer does not substantially exceed the
full load capacity of this transformer, the fusible
element 40 is operated at 5 temperature well below
that required to produce fusion thereof. When,
however, the secondary load current of the trans-
former gradually rises and is sustained for g
period approaching that at which the transformer
will be damaged, the temperature of the fusible
element 48 is raised accerdingly. Thus, as the
load current increases, the current traversing the
three elements 43, 4] and 42 is correspondingly
increased so that more heat is produced in the
fusible element 40 by current conduction. Con-
currently the amount of heat conducted to this
fusible element from the fusible elements 41 and
42 is increased. Also concurrently, the amount

- of heat transferred from the turns of the element

42 to the fusible element 40 through the refrac-
tory body 45 and the tube 48 is increased. A por-
tion of the heat energy accumulating in the ele-
ment 40 is transferred to the storage element 48
by conduction. After g predetermined time inter-
val, required for the accumulation of heat within
the fusible element 23, this element is heated to
its fusing temperature and melts. Provision of
the storage element 48 materially increases this
time interval over that which would obtain in the
absence of this element in the combination.
When the element 40 is thus ruptured, the fusible
element 41, the sleeve 44, and the upper end of
the pigtail conductor 37, are quickly expelled from
the lower end of the tube 50, thereby rapidly to
break the circuit for energizing the primary wind-
ing of the transformer.

During the described separation of the element
- 41 from the tubular conductor 46 upon fusing of
the element 48, an arc is drawn within the portion
50 of the tube 50. This arc instantly heats the

turns of the element 42 to

10

15

20

25

30

35

40

45

50

56

60

65

70

75

coating 81 to gas evolving temperature, with the
result that gases are evolved therefrom which
accelerate extinction of the arc. It has been
found that provision of the gas evolving coating
51 permits the link itself to effectively extinguish
heavy current ares of the order of several hundred
amperes even when the link is used in high voltage
circuits of several thousand volts,

To consider the action of the fuse link 18 fur-
ther, it may be pointed out that the refractory
body 45 and the tube 49 prevent the fusible ele-
ment 40 from being heated to its melting tem-
berature when surge currents are produced in
the primary circuit of the transformer as g result
of motor starting or the like. Such ‘surge cur-
rents are of short duration, being of the order
of only a few seconds. The resulting momentary
increase in heat generation within the fusible ele~
ment 40 is wholly insufficient to raise the tem-
perature of the element to its melting point.
Moreover, those portions of the refractory body
45 and the tube 49 which are disposed between
the tubular portion of the connecting element 46
and the storage element 48 and the turns of the
heating element 42 dissipate a large portion of
the heat resulting from the current surge through
the element 42 away from the element 41, They
also delay the transmission of the increased in-
crement of heat produced by the element 42 to
the storage element 48 and the adjacent walls
of the connecting element 46 for aninterval which
will normally exceed the duration of the current
transient. Accordingly, the increased increment
of heat energy arriving at the surfaces of the con-
necting element 46 and storage element 48 from
the element 42 as a result of the momentary high
current, effects an insufficient increase in the tem-
perature of the fusible element 48 to cause this
element to melt. In other words, the total heat ac-
cumulated in the fusible element 40 as a result
of the transient high current is insufficient to heat
this element to its fusing - temperature. Thus
it will be understood that the refractory body
45 and the tube 48, or more exactly the thermal
impedance of this composite structure, protects
the fusible element 40 against outages occasioned
by transient currents of the character which fre-
quently occur in the load pattern of any trans-
former secondary load. This is accomplished,
moreover, without increasing the thermal capac-
ity of the fusible element 46 to a point such that
it will provide no protection for sustained over-
load currents.

The thermal impedance of the refractory body
45 and the tube 48 also brevents the fusible ele-
ment 40 from immediately rupturing when the
transformer is subjected to a high current, such,
for example, as that which is Produced when the
secondary winding of the transformer is short-
circuited. In the absence of an additional pro-
tective element, therefore, the transformer could
easily be damaged by an overload current ef this
character during the period required to transfer
sufficient heat from the heating element 42 to the
fusible element 40 to cause the latter element
to melt. The second fusible element 41 functions
to guard the transformer against damage when
subjected to an overload current of this type.
Thus, immediately the element 41 is subjected to
a transient current of the particular charscter
Just referred to, a portion thereof lying hetween
the upper end of the sieeve 44 and the lower end
of the fusible element 40 is heated to a fusing
temperature, permitting this element to rupture.

While there has been described what is at pres-
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v
ent considered ioc be the preferred embodiment
of the invention, it will be understood that vari-
ous modifications may be made therein which are
within the true spirit and scope of the inveantion
as defined in the spoended clains. ;

I claim:

1. A fuse link comprising & tubular metal cas-
ing open at one end and having & terminal cap
closing the other end, an insulating tube Atting
within and extending through said casing, & coiled
heating conductor disposed within said tube and
having its convolutions spaced axially of said
tube, & tubular conductor extending within the
convolutions of said coiled conductor to receive
heat from said coiled conductor, said heating con-
ductor being connected in series between said
tubular conductor and said casing, & fusible bod¥y
filling at least a portion of sald tubular conduc-
tor, a circuit conductor having an end embedded
in said fusible body ‘and extending oub of said
insulating tube, an elongated and conductive heat
storage element in heat transfer relationship with
said fusible body and extending through the con-
volutions of said heating conductor toward said
terminal cap, means including sald heat storage
element for defining within said tube a surge gap
shunting said heating conductor, and insulating
means disposed within said insulating tube to in-
sulate said tubular conductor and said heat stor-
age element from the convolutions of said heab-
ing conductor.

9. A fuse link comprising & tubular metal cas-
ing open at one end and having a terminal cap
closing the other end, an insulating tube fithing
within and extending through said casing, a coiled
heating conductor disposed within said tube and
having its convoluiions spaced axially of said
tube, a tubular conductor extending within the

convolutions of said coiled conductor to receive

heat from said coiled conductor, said heating coi-
ductor being connected in series between said
tubular conductor and said casing, a fusible body
filling at least a portion of said tubular conduc-
tor, & circuit conductor having an end embedded
in said fusibie bkody and extending out of said
insulating tube, an elongated and conductive heat
storage element in hegt transfer relationship with
said fusible body and exiending through the cotu-
volutions of said heating conductor toward said
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terminel cap, said heai storage element being
elecirically connected with said fusible body 2%
one end and having its opposite end spaced froi
said terminal cap to define & surge gap shunting
said hieating conducior, and insulating means dis-
pored within said insulating tube 1o insulate said

‘tubular conductor and said heat storage eiement

from the convolutions of s2id heating conductor.

3. A fuse link comprising & tubular metal cas-
ing open at one end and having a terminal cap
closing the other end, an insulating tube fitting
within and extending through sald casing, &
coiled heating conductor disposed within said tube
and having its convolutions spaced axially of said
tube, a tubular conductor extending within the

- convolutions of said coiled conductor to receive

heat from said coiled conductor, said heating con-
ductor being connected in series between said
tubular conductor and said casing, a fusible body
filling at least a portion of said tubular conductor,
5 circuit conductor having an end embedded in
said fusible body and extending out of said insu-
lating tube, a second tube of insulating material
telescoped over said tubular conductor within said
coiled. conductor to insulate the convolutions of
said coiled conductor irom soid tubular conduc-
tor and said fusible body, and an.elongated and

conductive heat storage element in heat trans-

fer relationship with said fusible body and ex-
tending through said second tube toward said
terminal cap, said heat storage element being
electrically connected with said fusible element
at one end and having its opposite end spaced
from. said terminal cap to define a surge 2ap
shunting said heating conductor.

EDWARD H. YONKERS.
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