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FOREWORD and SUMMARY

The purpose of this investigation was to examine the methods of
manufacture of fine rated sensitive, delay-action (surge-resisting)
fuses such as sre used for the protection of radio and electronia
equipment and devices, reted at 5 Amperes and below,

The generally accepted British method of manufacture of such fusss
is by the use of fine drewn precise diameter wires of elther pure
metals or carefully controlled slloys, any delay or surge-resiasting
feature being introduced by the uae of something added to the fine
wire, either on the element itself or es a filler composed of chalk,
marble dust, fine send or of scme other substance,.

Before the war, vhen a British mamifacturer wes given the
opportunity of quoting for fuses sgainst a continentel manufacturer,
he had to quote to a semple or specificaetion employing quite a
different technique to that with which he was accustomed.

guite cften the tenderer was told that it was not sufficient to
reproduce the electrical specification, and the fuse to be offered hed
to be similar in eppeerance to the continental sample.

It wesg never possible for British menufacturers to produce a fuse
which (1) looked like the continental sample and (2) hed the correct
elsctricel characteristice, mor (3) to produce such a fuse at a
competitive price.

This teem wes assembled to investigete the memufecture of these
fuges, and on leeving this country it was expected that it would find
some automeitic method of menufacture which enabled these fusss to bs
produced at such low prices.

It is believed that a very thorough investigation wes made, not
only of the few German mermfacturers known, but also of other fuse
manufacturers whose names were received from the interrogation of
suppliers of pieceparts such as pressed end-caps, and drawers of fine
wire.

No automstic mechinery was employed, their results being cbtained
by very cheap labour, cheaper materials, and spperently more tolerant

designa »

It may be of fundemental importance to note that whereas British
fuse manufacturers can obtain supplies of fine wires of 0,0004"
diameter, and finer, end can handle such wires, the Germens appear to
have difficulty in drawlng, with any accuracy, wire finer then
0,01 mem. for this applicstion, bui, more important, ell those who
were interrogeted stated that with the chesp labour employed they
would be quite unsble %o handle fimer wires, even if such were resdily
gvailable, Nevertheless, by the develcopment of the temperabure
controlled solder technigue they are able to produce surge-resisting
fuses of as low a rating as 10 m.A. cerrying. But at this low rating
the accuracy leaves much to be desired. It should, however, be
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realised that British single-filament fine-wire fuse-manufacturing
technique generally sets a practicel low-limif current of 30md.-cerrying
{say, 60 mA. blowing-rating). In the higher retings of this range, say
up to 1 Amp. the British production is comparsble, and it is cheaper to
regmfacture in Britain in the way that fuses are being made now. The
Germen method tends to be advantageous for ratings of 1 Amp. and over,
but it should be recorded thet a comprehenaive babtch of Wickman fuses
tested at R.4.E. 4id not appear to be very consistents

Serutiny of German catalogues shows that their surge-resisting

- fuses employing the temperature controlled solder method of construction
are three times more costly for them to produce than their own straight-
wire (not surge-resisting) fuses of comparatively high ratings. It is
not very likely that we could improve the ratio by any spprecisble
amount. It is however thought that if British manufacturers cared to
study the method, that they could probsbly make greater use of it than
the Germans have done, to develop special cheracteristics, if such
ghould be required.

GENERAL DESCRIPEION

One example of the type of fuse with which this report is concerned
is shown in section and is deacribed below.

Pieces of suitsble resistance wire (1) (1) are joined together by
guitable temperature-rated (eutectic) solder,(2) (2), between suitsble
metel caps (5) SS), cemented (6) (6) to a glass tube (7), with cap~
soldering et (4) (&).

The spring (3) may or msy not be of resistance materisl but is
generally of stouter gauge thsn (1).

In operstion, heat is generated in the wires (1) (1), and in the
joints (SS (2), raising the temperature of (2) (2) which become soft and
allow the spring (3) to pull them apart.

A1) such fuses operste on this principle although detail
oonstruction mey differ. TFor example two springs of resistance materisl
may be Joined together by a single similar controlled low temperature
solder joint. Such springs may be tensional or deflexionsal.

TYPE CF CONSTRUCTION MAINLY CONCERNED IN THIS “EPORT :-
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STRAIGHT - WIRE (SINGLR FILAMENT) TYPE OF FUSE,

FOR COMPARISON.
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Manaufacurers of Fuses (electric protection! vislited
Name of Firm Fhere situated Persomel Product
Interrogated
Siemens~Halske Berlin C 31/6958 Dr. Hoffmann Heavy duty

Siemens-Halake

Siemens-Hel ske

Wickmann-Nerke

Wickmann~Werke
F. Shulte

Efen G.M.B.H.
F. Dreischer
Wolfs & Weisse
Voigt & Hoffner

Boach G.X.B.H.

Erlangen C 31/695%
NI'e [¥vy
Munieh C 31/6960

Witten-Annen C 31/6961 {Herr Ruche
Rulr

Herne Rulr C 31/6962
Wipperfurth

Martinshal C 31/6963

(bei Eltvilie-em-Rhein)

Rheyft C 31/6964
Gummersbach C 31/6965
Prankfirt C 31/6966
Stlttgert C 31/6967

fuses
Ir. Erich Evers "
& three technicians
Dr. Foelzler, Herr n +
Wild, Specielists,
& Martin Schucht

Fine rated
Herr Schmitt fuses
Herr Panhsus
Dr. Mulbach
Herr Schults Heavy duty
fuses.

Small produce
tion of fine
fuges

Herr Bellen Fine rated
fuaes
Herr Trelscher Heavy duty
fuses i
Managing Director  Heavy duty
fuses ¥
" " Beavy duty
fuses x
Berr Paul Automobile
Puses x

+ Designs (not models, nor production) of cerbon-resistor delay-fuse, of
similar performance to that described.

the "Slow-blo" model marmufectured by the Littlefuss Co. of U.S.A.

% No further me

ntion in this report.

This was seen to be similar to
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Suppliers of Piece parts used in the menufecturs of glose rated fuses

(ymder 5 Amps,)

Name of Firm ‘Hheré gitusted Peracnnel Product
Intarogated

"Stocko" Jonnborn § 31/5968 Herr Henkel Fuse caps
Wuppertal {Mensger)

Pack & Vongshr Lerachlag C31/6969 Herr Vongshr Pine wirs Arawsrs
Nr, Guemmersbach { partner

Rhelnscho-Fein- Bergrenstadt Irs 3childbash Fine wire Jdrawers
Draht-Industrie Nr. Summersbach {Director)
C 31/5379

o further mention of these visits in this report.

Pirmp ligted but not vigited for reascns stated

¥ame of Firm Fhere situated Frodugts Wy _not visited

31/34,82 Small pressings ) RPussian sector =
interminabls dalays.

Geber Xleinmam Berlin ¢
Augo Mayer Berlin 4 31/3481 3mell pressings
A80lf Kandulla Berlin § ¥/3474 Fine=wire-

NP P

handling

s 31/597 machinzry.
R. Bogenschiltz T8chet =Frankfirt Fuses | Prom information
Primus=Apperateban Mulacker @ 31/6972 Fuses receired, hesyy

: ) duty fuses only.

J. ¥eyer & Co. Stittgartc 34/4771 Puse caps ) Leck of time -
Jesn Muller Bingserbrike, fhein. Puses ) typss of fuses

¢ /1T not ascertained.
FIEM: Siemens=Halske A.G.,
fOCATION: Sismenatadt, Borlin;

FERSONMEL INTERVIEWED: . Hof'fmarm

No fuses of the appropriatz type made Dy them. 411 this firm used
were purchased out from Wickmenn-Werke, Witten-Annen, and from Efen,
Eltville near Wiesbaden. No other circuit npturing Jevices applicable
to this enguiry available. Dr. Hoffmeann stated that their forsmost
fuse sxperts wers Dr. Hoslzler and Herr Wild both located at the ¥unich
factory, and s Dr. Schultsz now in the Russien zone at Weimar. and there=s
fore vnapproachable.



P Siemsns~fleleke L.G.,
E’y‘h@@q:’ Brisngen, Kirnburg,
3 = Des Frich Evers and three technicisns

med the statemsnies of Dr. Hoffmenn at Berlin. After
sopme Giscugsion o fum:? degigm 34 wes clear that no new idess were to be
cbteined; mons hed evolyel during the Hitler regime.

=Holgke A.G.
_l-F irehen District, Munich.
Ire Boelzler, Herr Wild, Herr Martin Schucht

- grd Perr Wild were the fuse specialists of Siemens-Halske.
Thuzy mel V}EJ i ittle development and no production existed on fuses
ef inte =] They confirmed thet when previously used,

such fuszs were beught fiow Wickmann-Werke or from Efen.

Berr Mertin Schucht
éeley fuse with soldeyr-3iod
geneveted i:ﬂ ﬁm adjacent

: the cu-p-
aw t0 be su
menufaciury

3., and later forwarded s drawing, of a
Laned to rupture by sccumilation of heat
,,or, in the fuse-assermbly., The usual apring
: wﬁ o*“ & carbton~resistor unit. This was

e furm and arrangement of the

113 fuss Corporation of the U, S. A,

ver. lete A.E.G. )

ect, production engineer with
ESVEn years service)

Herr Panboug {i, Eree hend eLEC With Seven yesrs

o

aperes} factory abt Herne, Bule. Tiwe Julbashs.

Thw firve undeubtedly sheres with Efen by far the greatest proporticn

el Cermen producticn of ths tyre of fuse with which this repert
28 wiich ig descyibed ,.m'i illustrated in general terms on
PEL i Wiet was sesn snd discussed in this factory and the
dimpereel fentory st Herne forme the b:—mls of the rsport.

¥ faobory undoubtedly wes emploryed at one time on other light
elentrianl 'ﬁ'“z’} meinly hesvy duty fusee, high tension fuses and "2" type
ey in fuseg ‘but et the time of the investigation, only sensitive-low-
ravike snd principally surge-rericting fuses were in production, slthough
& Jimited rroductictn of strai.ght wire fuzez was exemined. The surge
rezisting iype were wsll kpown t6 ths lnvestigstors end are definitely 2




speciality of this ocowpany. They have a worthy competitor in Efen of
Martinshal, but the foreman there warked for Wickmenn for meny years,
where presumably he lsarned the technique,

In the absence of any really-fine wire technique they have un=-
doubtedly developed & very long way in the use of temperature controlled
sclders whereby they are able to make fuses commonly rated at 20 i,
carrying end even down to 10 mA., carrying, bi the lower rating callas fop
very groat skill on the part of the operator, accuracy leaves much to
be dezired and rejects are often very high. The proportion of vericus
ratings wo total production was given as

10 = 100 mds = 10%
100 = 300 wie = 20%
300 - 800 mhe = 50%
800 - 6 Amp, = 208

Bxamples  For the 10 mk rating they use a fine 80% - 20% nickel-
chrome resistance wire (,0118 m,m, dismeter) which is difficult to
soldex. For the 20 mA, rating they use fine constantsn (or BEureka or
60% - 4LO% copper nicksl) resistance wire, both with 8P or %0° C.-
fluidus sollder similar to a type of woodsmetal, The solder is of
constant gauge, wound on reels, with allgy differing for verious
ratings, Aocording %o the Wickmen drewings 20 milliamp fuses usa
Nickel~Chroms {0118 m.m. dismeter) and Nickel {.015 m.m, diameter)
heater elements also., Herr Ruche quoted 80/20 Nickel Clrome feor 10
williamps and 60/40 Copper-tiicksl for 20 milliamps, with 80°/30° solder,

Sequence of Assembly Springs are first ociled on a straight mandrel
incorporating & short lomgtitudimlalot, at the centre of the mandrel,
with grooves running partly round the mandrel at eech end of the slot,
Tha centre of the wire for the spring is placed in the groove, and ths
msndrel is revolvad by hand to give the requisite number of coils,

The wire is then removed from thes mandrel, and the springs are parted
at the centre of the straight portion (originally held in the alot of
the mendrel) for jointing. The springs ere then soldered to resistance
wire, followed by wire to wire; such element essembliss are introduced
into glass tubes, and metal caps ready lined with cement are fitteds
After three hours esir drying the spring is brought close to its csp and
soldered thsreto, the resistance wire is then pulled extending tha
spring and is soldered to the second cap. Apparently no special care
is taken to obtain regular tension of the spring other than the
mochanicsl lindits provided by the assembly, and the langth of the Joint
i gauged by eyec

Ceps Capas ere normally pre—ocded by a clever yet simple machins,
drawings of which are available,

Inspection Three fuses from sach operator are tested at the commence~
went of the day's production, thereafter the only normal centrol is a
100% ocontinuity test, The most outstanding feature of all thess visite

f
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was the apparent lack of olose technical oontrol such as is Jmown in
Bngland.

Detailed Drawings of fuse sssemblies and uctieon outs were avalil-
able and coples have in faot been evacuated, but they wers naver in
avidence in the faotory and did not appear %o be treatzd with respect
even by those in charge of production, It was felt that for the

purpose of the investigation, cnce the general ijea was graspad, sny
British menufacturer intending to smiloy this particular technique weuld
have no difficulty as it was known that a range of solders to temperature
apagifications were readily availabls in Bngland,

Coment It is important to note that with such a fuse at least one

oap must be cemented on after the slemsnt has been inserted in the tubs,
The cement mist be alr drying, baking might aocfter the low tamparaturs
Joints which are the basis of the design, It is felt that this process
sould be improved, The cement usad for fixing the end caps to the

glasa tubes is normally "chalk" (a natural mix of calcium carbonate and
pagnesium carbonate with further impurities) and sodium silicate, freshly
mixed at the bench each hour, RejJects for loocse caps are vary low;

less than 2% on hand-pull-test was confirmed,

Glass cutting For tubes they prefer soda glass, out with polished
hard steel wheals of about 10" 3ia, running at a speed of 2 - 3000 R.P. M.,
cutting 2500 pieces per hour with 24 rejects,

Production rates Normal geng is five girls, times given as girl-
int es,

{a) Twin spiral from cut lengths 17 G/mins, per 100
{b) Solder alement asseably 23 ¢/ mins, per 100
(o) Caps on glass with slsment in

place 2 girls duplicating 57 &/ mins, per 100
(a) Solder oaps 27 &mins, per 100

424 G/mins, per 100

Thus, 2000 fuses are completed by five girls in approximately 7% hours
with total rejects {from all causes) between 5% and 10%  Girls on
{a) also perform (b) and (dJ.

Single wire fuses There is a fair production of straight wire fuases
using wire not smaller than 0,01 m.m, These are mde at the rate of
80 girl/miputes per 100 resulting in approximately 3000 for a 5 girl
gang per 7% bour day, great care being taken to economise in the usas
of wire which (though cheaper than British wire) is dear as compared
to labour coasts,

+
See
pages 10 & 11, -7



Earninge of operators At the timm of the investigation average
sarnings were from 90 - 120 Reichsmarks per wonth, With the Reich-
park nominally sixpence, this means between [5/- and 60/~ per month,
not per week, It is difficult to assaess the real wages—worth of such
figures which should be taken only as comment,

Bxport A factory of 180 glrls makes well over half & million fuses
per month, Both Wickmann and Efen appeared to achisve this figwre,
most of this production being absorbed by Germary., Not more than 10%
i3 axported to Norwsy and Sweden. The investigators drew the infor-
mation that the Philips compeny at Eindhoven supply France and Belgium,
whereas the Balkan states heve their own production.

FLIRM: Efen, Gymeb,H,
LOCATION: Martinshal, Eltville-amRhein, Near Wiesbaden.

This firm were also in production with the type of fuse with
which this report is oconcerned, The types, methods snd information
received were similar to those described in connection with Wickmenn-
Ferke, with whom the works mensger hed previously been smployed for
mayy years., Their total production was oomparabls, in the region of
half million per month,

This was a very attrective modern and well-built undamaged manu-
facturing unit situated in a closely wooded valley surrounded by vine-
yards, It waa the only eign of industrial activity in the vicinity.

The method of winding the springs and forming the soldered Joint
gt the Efen factory differed from the Wickmen method in the following
respact s,

The resistance wire was first wound on a complicated " oats—cradle*
mandrsl to form the soldered Joint., The following sketch depicta the
formation of one Jjoint only, but the actual mandrel carried about aix
Joints,

® SIDE-BY-SIDE JCINT IN SLOT,

SOLDERED HERE.

(2) &

) d
mor—é cuT ﬁf./ﬂ “\lﬁ

AP TER WINDING CUT,CUT,CUT
’ ¥
AS S}EEWN-)
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The wire and Joint Were then placed on a straight wendrel with a
oentral rezovable key and the springs were formed by rotating the )
mandrel, The key iz afterwirds removed in order to withdraw from the
mandrel,

This was thoughi to be 2 better breduction layout'! than the Wickmann
methode gave, Testing facilities were of a high order, but Just as
infrequently used.

FIRM: Fede Schulte.

IOCATION: Wipperfurth, Rhineland,

Personnel interviewed:~ Herr Schulte, proprietor and technician,

Under normal conditions the principal production here was heavy
duty and high rupturing fusss, Originally this wes a compact self
coutained factary, firing their own electrical ceramics from tools of
thair own manufacture, The factory had been badly damaged and all
kilns destroyed. At the time of the investigation the only production
wag the type of sensitive and surge resisting fuses with which this
repcrt 1s concernsds Production was on an exceedingly small scale;
nothing new was added to the information obtained from Wickmann-Werke,
Cap-sgldering was by high-Ampere low-Voltage conduction heating, caps
being rreszsed on to stout preds.



The fellowing documents heve been lodged with:~
Teohnical Information & Documents Unit,
LO Cadogen Square, London, S,W.1.
_ Tel, FENsington. 5131, Ext, 105
Applications for permission %o inespect thsse dccuments showld quote the
relzvant BIOS Reference Nos: '

BICS/DOCS/2357/3371~

=/1 Coding machine for fuse caps,
~/2 Soldering device for fuse elements.

-/3 Specification csrds, " (15 cards)
-/ Eutectic solders. _ (4 sheets)
~/5 Reference sheet for the use of sensitive delay fuse

+ elements in plants of the German Armed Forces, ste. (5 sheets)
-/6 Guiding principles for instrument fuses in remote

signﬂ.lling.

=7 Production time cards, (12 cards)
«/8 TFuse elements for heat coil fuses. - {2 sheets)

/9 . Electric testing instructions.
=10 Cemént (application of)

=11 Soft solders, (2 sheets)
=/12 Glass tube (alterstiomns of)
=13 Brass. cap - "
/14 Cap " "
=/15 Glass tube fuse, {3 sheets)

~16 Non-interchangeable heat coil fuse (sensitive type)
47 Puse FN 9,
+18 Glass tube fuse FN §
" n "N 42
n t n FN 1
n n n m 3
/19 Non- interchangeable heat coil fuse FT 3
-/20 Glass tune fuse MW 10
"

" " ™ L
/2% Heat coil fuse PN 2
" " type ™ 13

~+/22- 'Glass tune fuse type DEE:-

/23 Non- interchangeable heat coil fuse PT ),

=/2h Fuse elements type FH

~/25 Reaocldersble fuse type GISX

-/26 Glass tube fuse FN 5

/2] Brass cap

-/28 Glass tube, :

-/29 Tuse elements for heat aoil fuses (sensitive type) (2 sheets)
=30 Fuse clements for fuse {sensitive type)

/31 Glass tube, _

~32 Cap

=/33 Puse elements for heat coil fusss (sensitive type) (2 sheets)
-/3J+ Fuse elements for hear coil fuses. .

7

- 88 e

-/?7 Fuse clements for heat ooil fuse (sensitive type) (2 sheets)

10



Gsp

Glass tube

Cap

Glass tube

Eleotric testing instructioma.

Glags tube

Cap

Glass tube

Inasart plate

Brass cop.

Glass tube

Fuse elements for heat coil fuses (sensitive %ype)
Cap

Glaes tube

Cap

Fuse elements

Distinguishing insert.

Glasa tube

Fuse element for heat coil fuses (sensitive type)
Contaot pin

Insulating tubs

Insulating dise

Spring

Disc

Bushing

Sleeve

Electric testing instructions

Gap,

Glass tube

Disc

Fuse element

Fusing characteristica of element
Fusing times for heat coil fuse FN 1
Glasa tube fuse for PT installations in
aircraft,

Fuse curve of normel heat coil fuses,
Current-time curve of heat coil fusea (eemsitive)
Signalling technigques

Inatallation meterial, fuse elements for
Plug devices.

Drewings of heat coll fuses placed at the disposal
of the ¥ilitary Government,

Individual perts for heat ooil fuses,

“Afe

1600 §.7.& COLTD. 16.7.48. 58649

%2 sheets;
2 sheeis

E 2 sheets)
3 sheets)

(2 sheets)
(7 sheets)

(2 Isheets)

(4 sheets)
(3 sheets)
(2 sheets)
(3 sheets)

Eh- sheeta)
10 gheets)

(3 sheeta)



