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This invention relates generally to -electric
fuses, and it has particular relation to the ccon-
struction and assembly -of the terminals -or fer-
rules at the ends of tubular fuse housings or
the like.

Among the objects of this invention are: To
avoid the use of solder in interconnecting the end
terminals or ferrules at the ends of a fuse hous-
ing and the conductor within the same which
includes a fusible section; to interlock the fer-
rules -and the fuse housing at each end of the
latter; to close the ends of the fuse housing in
such manner as to resist internal stress resulting
from high pressure created on blowing of the
fusible section; to employ :an inner and an outer
ferrule as each end of the housing with knurling
to provide intimate electrical and mechanical
engagement therebetween without requiring close
tolerances; to locate the knurling externally on
each inner ferrule for mechanically engaging the
fuse housing to prevent relative turning; and to
construct the various parts so that the fuse as-
sembly can be readily and economically manu-
factured.

Other objects of this invention will, in part, be
obvious and in part appear hereinafter.

This invention is disclosed in the emkodiment
thereof shown in the accompanying drawing and
it comoprises the features of construction, com-
bination of elements and arransement of parts
which will be exemplified in the construction
hereinafter set forth and the scope of the appli-
cation of which will be indicated in the appended
claims.

For a more complete understanding of the na-
ture and scope of this invention, reference may
‘be had to the following detailed descrintion, taken
together with the accompanying drawing, in
which:

- Figure 1 is a longitudinal sectional view of a
fuse construction in which the present invention
1s embodied;

Figure 2 is a view, partly in side elevation and
partly in section, of one of the inner ferrules;

Figure 3 is an end view of the ferrule shown in
Figure2;

Pigure 4 is a view, in end &levation, of the
inner ferrile for the other end of the fuse tube;
and }
Pigure 5 is & view, partly in side elevation and
partly in section of the other inner ferrule shown
in Figure 4.

Referring now to the drawing, it will be ob-
served that the reference character 10 designates,
generally, a fuse device certain portions of which
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are illustrated and described in Lindell Patent No.
2,323,229 issued June 29, 1943, and assigned to
the assignee -of this application. The fuse device
{0 includes a tubular fuse housing 11 -of suitable
insulating material such as fibre. Itsends {2 and
13 are reduced in diameter for receiving -oufer
ferrules ‘14 and 15, respectively, which are formed
of hard drawn copper tubing. The ends 12 and
i3 are cut away an extent equal to the thickness
of the walls of the ferrules 14 and (5 so that their
outer diameter i= the same as the outer diameter
of the intermediate portion of the tubular fuse
housing {1. It'will he neted that annular grooves
16 and 17 are provided intermediate the cut away
end surfaces {2 and {3 for receiving radially in-
wardly extending ribs 18 and 19 which are formed
after the ferrvles 14 and 15 are vositioned on the
ends of the tubular fvse honusing {{ by suitable
deformine means such as rolling dies. It will be
noted also that the end portions 20 and 21 of
the ferrules 14 and 15 are reduced in diameter
and that the ends 22 and 22 are closed. This
construction together with the ribs 18 and 19
rolled into the grooves {6 and (7 provides an
assembly which is canahle of resisting the stresses
usuallv set up within the housine {1 when the
fuse blows.

Within the left hand end of the tvbular fuse
housine~ {1, as viewed in Tignre 1. theve is a cup-
shaped inmer ferrnle 26 that is formend nreferably
of hard drawn conrer. Its construction is illus~
trated in more detail in Figrres 2 and 3. It has
an inner small diameter portion 27 which, as
showm in Pigure 1. interfits with the adiacent end
of the tuhnlar fuse hovsing 1. A'so it has an
orter dismeter nortion 28 whirh is extarnally lon-
gitndinallv knnrled as indicated at 29. An an-
nular shol?er 20 js provided between the ror-
tions 27 and 28 and it is arraneed to bear against
a corresrondine annular shovlder 21 at the inner
end of a recessed inmer end surface 32 of the tu-
bular fuse hovsing 1.

The externa'ly loncitudinally knurled portion
29 on the inner ferrule 26 cooverates with the
tubular fuse housing {{ and the outer ferrule 14
to prevent relative turning therebetween. It will
be noted that the inher portion 33 of the knurl-
ing 29 is coextensive with the recessed inner end
surface 32 and that this knurled portion bites into
this surface so that intimate mechanical engage-
ment therewith is obtained. This is accom-
plished by having the outer diameter of the por-
tion 2§ of the ferrule 26 slightly larger than the
inner diameter of the recessed inner end surface
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32 and then forcing the ferrule 26 into position
so that its shoulder 30 engages the shoulder 31.

Theresfter the outer ferrule {4 is forced into
place and, since the inner diameter of the end
portion 20 of the outer ferrule {4 is slightly less
than the external diameter of the portion 28 of
the inner ferrule 28, both electrical and mechan-
ical engagement is provided therebetween. The
line contact provided hy the knurled portion 34
insures a low electrical resistance joint between
the ferrules 26 and {4 without requiring the use
of solder. At the same time intimate mechan-
ical engagement between these parts prevents
the outer ferrule #4 from turning with respect
to the inner ferrule 26.

The outer ferrules §4 and 5 are interconnected

by a conductor which includes a fusible section.
One end 27 of this conductor which includes a
flexible conductor 28 extends through openings
39 and 4%, Figure 3, in the bottom of the inner
ferrule 26 and is positioned, as shown in Figure
1, between the outer end of the inner ferrule 268
and the end portion 28. The construction is such
that this end 37 of the flexible conductor 38 is
both mechanically and electrically engaged un-
der pressure between these parts and thus the de-
sired electrical contact therewith is provided.
" PFlexible conductor 38 extends over a pulley £4
which is rotatably mounted on an arm 42 at one
end of a tension spring 43 which is carried by a
shaft 44 that extends transversely of the ferrule
26 through bearing openings 4% in recessed por-
tions 46 therein. The other end 47 of the tension
spring 83 bears against the inner end of the in-
ner ferrule 26 as shown more clearly in Fizure 1.
The pulley 4! and tension spring 43 are provided
for tensioning the conductor 88 in the manner
described in the aforesaid Lindell patent.

It will be obeerved that the flexible conductor
38 extends from the inner ferrule 2% throush &
central opening B8 in the hottom thereof intc a
bore 5! of a block 52 of arc extinguiching mate-
rial such as boric acid. The flexible conductor
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38 is connected by a terminal slesve 53 to ons end .

of a fusible section 54 in the form of a strain
wire. It will be understood that the fusible s=¢c-
tion 54 is calibrated to blow under certain time
and current conditions which need not be de-
seribed in detail here. The other end of the
fusible section B4 extends into a terminsl BB
which has an intermediate flange 56 that bears
against a washer 57 which is located at the in-
ner end of the block 52 of arc extinguishing ma-
terirl. It will be understood that the tension
spring 43 is restrained by the flange 58 bearing
against the washer 57 through the conneztion
thereto by the flexible conductor 22 and the
fusible section 54. In this manner thes hleck
52 of arec extinguishing material is placed in com-~
pression.

Within the tubular fuse housing 1 and beyond
the block 52 of arc extinguishing material thers
is a recistor 58 which is in the form of a coil of
hard drawn tungsten wire. One end of the re-
sistor 58 is connected to the termin=1 55. The
resistor 58 is embedded in a filling 59 of marble
dust and its other end is connected to o termi-
nal 60. The functioning of the resistor 58 formed
of a coil of tungsten wire with the marble dust
filling 59 and the interaction thereof with the
fusible section 54 are described in detail in the
aforesaid Lindell patent and will not be repeated
here.

It will be observed that the termingal 68, which
is identical in construction with the terminal 53,
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extends through an opening 6f in a central re-
cessed portion 82 of an inner ferrule 623 which is
shown more clearly in Figures 4 and 5 of the
drawings. The inner ferrule 63 preferably is
formed of hard drawn copper and its inner edge
84 bears against an annular shoulder 65 of the
tubular fuse housing {§{. The annular shoulder
85 is located at the inner end of a recessed inner
end surface &6 of the tubular fuse housing 1
which is coextensive with the inner portion 67 of
external longitudinal knurling 68 on the inner
ferrule 3. Like the inner ferrule 26 described
akove, the outer diameter of the inner ferrule 63
is somewhat larger than the diameter of the in-
ner end surface §6 so that, when the inner ferrule
53 is forced into the end of the tubular fuse hous-
ing §4, the knurled portion 87 bites into the sur-
face 68 and is thereby held against turning. The
outer portion 89 of the longitudinal knurling 68
has intimate electrical and mechanical engage-
ment with the inner surface of the reduced di-
ameter end portion 2{ of the outer ferrule 15
This not only provides electrical connection be-
tween these parts without reouiring the use of
solder but also it provides intimate mechanical
engagement so as to prevent relative turning.
The outer end of the terminal 66 is headed over
as indicated at 78 so as to hold it in position on
the inner ferrule 63 and to provide good mechan-
ical and electrical connection thereto. Openings
71 are provided in the inner ferrule 63 to permit
the entrance of the marble dust filling 58 after
assembly and prior to application of the outer
ferrule §5. ' i
In assembling the fuse device {0, the fusible
section B4 is first ioined to one end of the flexible
conductor 38 by the terminal sleeve 88, The lat<
ter is deformed onto the ends of these elements,
Thereafter, the resistor 58 with the terminals 55
and 60 deformed onto its ends is alighed with
the fusible section 54 and one end of the termi-
nal 88 is deformed onto its free end. Next the
tension spring 43 and the nulley 4¢ are assembled
within the inner ferrule 28, the spring 43 being
carried by the shaft 44. The previously assem-
bled flexible conductor 28 and the fucible section
B4 are threadad through the washer {i and the
block 52 of arc extinguishing material which is
located adiacent the inner ferrule 28: The flex-
itle conductor 28 is threaded throucgh the open-
ing 58 in the bottom of the ferrule 28. around the
pulley 41, which may be held in the position
shown in Figure 1 by a svecial tool, through the
openings 46 and 29, and ths end 37 then is hooked
over the outer end of the inner ferrul- 26. When
the sperial tool is removed the soring 43 places
the fusible saction 52 in tension and the block 52
of arc extinguishing material in compression.
The rarts assembled as just described are po-
sitioned in the tubular fuse housing (i through
the left hand end and the inner ferrule 25 is
forced inwardly unfil its annu'ar shoulder 38 en-
gages the annular shoulder 3{. Thereafter the
terminal 68 is pulled out of the other end of
the tubular fuse housing {! and the cother inner
ferrule 62 is secured thereto by the headed over
pertion 10, After this has been done the inner
ferrule 83 is forced into the right hand end .of
the tubular fuse housing #{ until its inner edge
62 engages the shoulder 85. :
Now the external ferrule #4 is forced over the

. left hand end 12 of tha tubular fuse housing {1

75

with which it has a press fit until it is stooned
by the reduced diameter end rortion 20 engaging
the end of the fuse housing {{. This completely
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tloses the left hand end :of the fubular Fuse
housing I1.

The space around the resistor 58 within the
tubular Tuse housing {1 now is filled with marble
dust 59 through the cpenings 71 in the inner fer-
rule 83. ‘Thereafter the ouler ferrule (5 is forced
over the right hand end 13 of the tubular Tuse
housing (! with which it has a press fit until its
reduced diameter end portion 21 engages the end
of the fuse housing {i. Finally both of the outer
ferrules {4 and 15 are deformed by rolling to pro-
vide the radially inwardly extending ribs 18 and
18 which project into the annular grooves 6 and
{1, respectively, so as to hold ‘the ferrule assem-
blies at the ends of the tubular fuse housing {1
from endwise movement.

It will be noted that the ends :of the fibre
fuse housing 11 are positioned between the inner
portions 33 .and 67 of the inner ferrules 25 and §
and the outer ferrules {4 and 15.
tion insures that the ends of the housing {{ can-
not-expand on absorbing moeisture and move away
from the inner ferrules 26 and 63 since these por-
tions thereof are held in.compression.

When the knurled construction is employed for
the inner ferrules 26 and 63, as described, it is
unnecessary to hold the tolerances of these fer-
rules and the outer ferrules 14 and 15 as close
as would otherwise be reguired if the knurling
were omitted and reliance were placed on merely
a press fit therebetween., This materially reduces
the cost of :manufacture and, at the same time,
increases the speed of assembly. The longitudi-
nal knurling bites into the .end surfaces 32 and
66 and also into the inner surfaces of the end
portions 20 and 2! of the cuter ferrules 14 and
15.

Multiple line contact under pressure is es-
tablished by the knurled surfaces 28 and 68 of
the inner ferrules 2§ and $3 with the smooth in-
ner surfaces of the outer ferrules 1§ and 45 with
which they have a press fit. If desired, the
outer cylindrical surfaces of the inner ferrules
25 and 83 can be smooth and the inner cylindri~

cal surfaces of the cuter ferrules 14 and 15 can |

be knurled to provide the intimate mechanical
and electrical engagement therebetween and the
mechanical -engagement with the -ends of the
housing 11.

Since certain changes can be made in the fore-
going construction and different embodiments of
the invention can be made without departing
from the spirit and scope thereof, it is intended
that all matter shown in the accompanying draw-
ing and described hereinbefore shall be inter-
preted as illustrative and not in a limiting sense.

What is claimed as new is:

1. In a fuse construction, in. combination, a
tubular insulating housing, an -externally longi-
tudinally knurled inner ferrule extending into
each end of said housing with the longitudinal
knurling biting into the inner end surface of said
‘housing and extending beyond the ends thereof, a
conductor including a fusible section -extending
through said housing and electrically intercon-
necting said inner ferrules, and an outer ferrule
ielescoped over each end of said housing, the
outer end pertion of each outer ferrule being
reduced in diometer so that the longitudinal
Eknurling on each inner ferrule bhites into the in-
ner-surface of the outer ferrule, the langitudinally
knurled pertions of said inner ferrules providing
intimate €lecirical and mechanical engagement
between them and the outer ferrules and inti-
mate mechanical engagement hetween them and
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said housing whereby the electrical ‘resistance at
the joint between -each inner and outer ferrule
is reduced and both ferrules at each end -are
nrevented from turning relative to .each -other
and to said housing.

2. The inventicn, as-set forth in claim 1, wheres
in-one end of the conductor is positioned between
one inner ferrule and the corresponding outer
ferrule and is mechanically gripped thereby to
vrovide a low electrical resistance therebetween.

3. "The invention, as set forth in claim 2,
wherein a terminal is provided on the other end
of the conduetor and it is secured by deforma-
tion to the other inner ferrule.

4. In a fuse construction, in combination, &
tubular insulating housing, an -externally longi-
tudinally knurled inner ferrule extending into
gach end -of said housing with the longitudinal
knurling biting into the inner end surface of said
housing and extending beyond the ends thereof,
a conductor including a fusible section extending
through said housing and electrically intercon-
necting said inner ferrules, and an outer ferrule
closed at one end and telescoped over each end
of said housing, the closed end portion of each
outer ferrule being reduced in diameter so that
the longitudinal knurling on each inner ferrule
nites into the inner surface of the outer ferrule,
the longitudinally knurled portions of said inner
ferrules providing intimate electrical and me-
chanical engagement befween them and the
outer ferrules and intimate mechanical engage-
ment between them and said housing whereby
the electrical resistance at the joint between each
inner :and outer ferrule is reduced and both fer-
rules at each end are prevented from turning
relative to each other and to said housing.

5. In a fuse consfruction, in combination, a
tubular insulating housing with the inner portion
of each end recessed to provide an annular shoul-
der, an externally longitudinally knurled inner
ferrule extending into each end of said housing
and bearing against the shoulder thereat with
the longitudinal knurling biting into the inner
end surface of said housing and extending beyond
the ends thereof, a conductor including a fusible
section extending through said housing and elec-
trically interconnecting said inner ferrules, and
an outer ferrule closed at one end and telescoped
over each end of said housing, the closed end por-
tion of each outer ferrule being reduced in diame-
ter so that the longitudinal knurling on each
inner ferrule hites into the inner surface of the
outer ferrule, the longitudinally knurled portions
of said inner farrules providing intimate electrical
and mechanical engagement between them and
the outer ferrules and intimate mechanical
engagement between them and said housing
whereby the electrical resistance at the joint
between each inner and outer ferrule is reduced
and both ferrules af each end are prevented from
turning relative to each gfher and o said housing.

6. In a fuse construction, in combination, »,
tubular insulating housing with the inner portion
cf each end recessed fo provide an annular
shoulder and having an external annular groove
near each end, an externally knurled inner fer~
rule extending into each end of said housing and
beoring ggainst the shoulder thereat with the
knurling kiting into the inner end surface of ‘said
housing and extending beyond the ends thereof,
a conductor including a fusible section extending
through said housing and elsectrically intercon-
necting said inner ferrules, and an outer ferrule
closed at one end and telescoped over each end
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of said housing and having a radially inwardly
extending rib interfitting with said annular groove
thereat, the closed end portion of each outer
ferrule being reduced in diameter so that the
knurling on each inner ferrule bites into the
inner surfzce of the outer ferrule, the knurled
portions of said inner ferrules providing intimate
electrical and mechanical engagement between
them and the outer ferrules and intimate me-
chanical engagement between them and said
housing whereby the electrical resistance at the
joint between each inner end and outer ferrule
is reduced and both ferrules at each end are
prevented from turning relative to each other
and to said housing.

7. In a fuse construction, in combination, a
tubular insulating housing with the inner portion
of each end recessed to provide an annular shoul-
der and having an external annular groove near
each end, an externally knurled inner ferrule
extending into each end of said housing and
bearing against the shoulder thereat with the
tnurling biting into the inner end surface of said
housing and extending keyond the ends thereof,
a conductor including a fusible section extending
through said housing and electrically intercon-
necting said inner ferrules, and an outer ferrule
closed at one end and telescoped over each end
of said housing and having a radially inwardly
extending rib
groove thereat, the clossd end portion of each
cuter ferrule being reduced in diameter so that
the knurling on each inner ferrule bites into the
inner surface of the outer ferrule, the knurled
portions of said inner ferrules providing intimate
electrical and mechanical engagement between
them and the outer ferrulés and intimate me-
chanical engagement between them and said
housing whereby the electrical resistance at the
joint between each inner and outer ferrule is
reduced and both ferrules at each end are pre-
vented from turning relative to each other and
to said housing, the end portions of said housing
being reduced an amount corresponding to the
thickness of each outer ferrule whereby the
external diameter thereof is the same as that of
the intermediate portion of said housing.

3. In a fuse ccnstruction, in combination, a
tubular insulating housing, an externally longi-
tudinally knurled inner ferrule extending into
one end of said housing with the longitudinal
knurling biting intc the inner end surface and ex-
tending bayond said end thereof, a conductor in-
cluding a fusible section extending through said
housing and electrically connected to said inner
ferrule, and an cuter ferrule telescoped over said
end of said housing, the outer end portion of said
outer ferrule being reduced in diameter so that
the longitudinal knurling on said inner ferrule
bites into the inner surface thereof, the lonzi-
tudinal knurlzd portion of said inner ferrule pro-
viding intimate electrical and mechanical en-
gagement between it and said outer ferrule and
intimate mechanical engagement between it and
said housing whereby the electrical resistance at
the joint between said inner and outer ferrules is
reduced. and both ferrules are prevented from
turning relative to each other and to said housing.

9. The invention, as set forth in claim 8, where-
in one end of the conductor is positioned between
the ferrules and is mechanically gripped thereby
to provide a low electrical resistance therebe-
tween.

10. The invention, as set forth in claim 8§,
wherein a terminal is provided on one end of the

interfitting with said annular
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conductor and it is secured by deformation to the
inner ferrule.

11. In a fuse construction, in combination, a
tubular insulating housing, an externally longi-
tudinally knurled inner ferrule extending into one
end of said housing with the longitudinal knurl-
ing biting into the inner end surface and extend-
ing beyond said end thereof, a conductor includ-
ing a fusible section extending through said hous-
ing and electrically connected to said inner fer-
rule, and an outer ferrule closed at one end and
telescoped over said end of szid housing, the
closed énd portion of said outer ferrule being re-
duced in diameter so that the longitudinal knurl-
ing on said inner ferrule bites into the inner sur-
face thereof, the longitudinally knurled portion of
said inner ferrule providing intimate electrical
and mechanical engagement between it and said
outer ferrule and intimate mechanical engage-
men between it and said housing whereby the
electrical resistance at the joint between said
inner and outer ferruleg is reduczd and both fer-
rules are prevented from turning relative to each
other and to said housing.

12. In a fuse construction, in combination, a
tubular insulating housing with the inner portion
of one end recessed to provide an annular
shoulder, an externally longitudinally knurled
inner ferrule exftending into said end of said
housing and bearing against said shoulder with
the longitudinal knurling biting into the inner
end surface and extending beyond said end there-
of, a conductor including a fusible section extend-
ing- torough. said housing and electrically con-~
nected to said inner ferrule, and an outer ferrule
¢losed at one end and telescoped over said end of
said housing, the closed end portion of said outer
ferr.lz being recuced in diameter so that the
longitudinal knurling on said inner ferrule bites
into the inner surface thersof, the longitudinally
knurled portion of said inner ferruls providing in-
timate electrical and mechanical engagement be-
tween it and said outer ferrule and intimate me-
chanical engagement between it and said hous-
ing whereby the electrical resistance at the joint
between said inner and outer ferrules is reduced
and both ferrules are prevented from turning
relative to each other and to said housing.

13. In a fuse construction, in combination, a
tubular insulating housing with the inner portion
of one end recessed. to provide an annular
shoulder and having an external annular groove
near sa2id end, an externally knurled inner fer-
rule extending into said end of said housing and
bearing against said shoulder with the knurling
biting into the inner end surface and extending
beyond said end thereof, a conductor including a
fusible section extending through said housing
and electrically connected to said inner ferrule,
and an outer ferrule closed at one end and tele-
scopzd over said end of said hous'ng and having
a radially inwardly extending rib interfitting with
said annular groove, the closed end portion of
said outer ferrule being reduced in diameter so
that the knurling on said inner ferrule bites into
the innsr surface thereof, the knurled portion of
said inner ferrule providing intimate electrical
and mechanical engagement between it and said
outer ferrule and intimate mechanical engage-
ment between it and said housing whereby the
electrical resistance at the joint betwesn said
innsr and outer ferrules is reduced and both fer-
rules are prevented from turning relative to each
other and to said housing.

.14. In a fuse construction, in combination, a
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tubular insulating housing with the inner portion
of one end recessed to provide an annular shoul-
der and having an external annular groove near
said end, an externally knurled inner ferrule ex-
tending into said end of said housing and bearing
against said shoulder with the knurling biting
into the inner end surface and extending beyond
said end thereof, a conductor including a fusible
section extending through said housing and elec-
trically connected to said inner ferrule, and an
outer ferrule closed at one end and telescoped
over said end of said housing and having a radi-
ally inwardly extending rib interfitting with said
annular groove, the closed end portion of said
outer ferrule being reduced in diameter so that
the knurling on said inner ferrule bites into the
inner surface thereof, the knurled portion of said
inner ferrule providing intimate electrical and
mechanical engagement between it and said outer
ferrule and intimate mechanical engagement be-
tween it and said housing whereby the electrical
resistance at the joint between said inner and
outer ferrules is reduced and both ferrules are
prevented from turning relative to each other and
to said housing, the end portion of said housing
being reduced an amount corresponding to the
thickness of said outer ferrule whereby the ex-
ternal diameter thereof is the same as that of the
intermediate portion of said housing.

15. In a fuse construction, in combination, a
tubular insulating housing, an inner ferrule ex-
tending into each end of said housing with a
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portion extending beyond the ends thereof, a con-
ductor including g fusible section: extending
through said housing and electrically intercon-
necting said inner ferrules, and an outer ferrule
telescoped over and having a press fit with each
end of said housing and the inner ferrule there-
at, the outer end portion of each outer ferrule
being reduced in diameter, one of the juxtaposed
surfaces of the ferrules at each end of said
housing being longitudinally knurled thereby pro-
viding intimate electrical and mechanical en-
gagement between them and intimate mechani-
cal engagement with said housing whereby the
electrical resistance at the joint between each
inner and outer ferrule is reduced and both fer-
rules at each end are prevented from turning rel-
ative to each other and to said housing.
SIGURD I. LINDELL.
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