‘Technical Shorts’
by Gerry O’Hara, G8GUH
‘Technical Shorts’ is a series of (fairly) short articles prepared for the
Eddystone User Group (EUG) website, each focussing on a technical issue of
relevance in repairing, restoring or using Eddystone valve radios. However, much
of the content is also applicable to non-Eddystone valve receivers. The articles are
the author’s personal opinion, based on his experience and are meant to be of
interest or help to the novice or hobbyist – they are not meant to be a definitive or
exhaustive treatise on the topic under discussion…. References are provided for
those wishing to explore the subjects discussed in more depth. The author
encourages feedback and discussion on any topic covered through the EUG forum.

The Fuse – Simple Protection For Your Eddystone… ?
….or a waste of time and false sense of security?
Fuses – come on, I hear you groan – we all know about
fuses: a bit of thin wire in a glass tube that vapourises when
too large a current is passed through it, thus protecting your
electronic kit. Yes, we all know what fuses are, possibly having learned to fit fuses to
those UK-style plugs as a kid as I did – usually fitting a 13 amp fuse as did your parents because that is what those plugs are rated for aren’t they?…. a fat lot of protection that
would afford electronic devices, when many draw less than 1 amp from a 115v supply
when working correctly, never mind from a 240v supply (approximately half). Perhaps
we should look into the use of fuses more closely if we are to have them afford even a
semblance of protection to your precious Eddystone investment(s)…
Many Eddystone models, along with other quality radios, have at least one fuse fitted,
usually in the primary of the power transformer and/or between the centre tap of the
power transformer HT secondary and ground. If your set does not have a fuse fitted in
one of these positions, then I would recommend fitting one NOW – it can be done with
the minimal of intrusion – I often fit an in-line 11/4 inch fuseholder between the live
power connection (cord) and the on-off switch under the chassis in these circumstances.
A few minutes fitting this simple and low-cost device can save the cost of a new power
transformer, choke, rectifier valve or more… that of
a house fire.... or even your life, for less than a
couple of dollars.
Fuse Holders
Fuses, or ‘fuse cartridges’ to give the full title to the
small glass (or ceramic) bodied types with metal
caps we normally encounter in electronic
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equipment, usually need holders to allow them to be mounted in a circuit whilst allowing
easy change-out in the event of the fuse blowing. Post WWII Eddystone receivers are
usually fitted with at least one Belling-Lee (or similar) 11/4 inch chassis-mounted screw-in
type fuseholder - see photos of those fitted to my S.750 (right) and S.770R (left) above.
Depending on the model, the fuse may be fitted in the primary of the power transformer
(as per my 830/4) or between the centre tap of the power transformer HT secondary and
ground (as per my S.750). My S.770R had a fuse in each of the live and neutral lines to
the transformer primary when it left the Bath Tub and I have now modified that
arrangement to have one in the primary and one in the secondary circuits (using the same
fuseholders). I also retro-fit additional fuseholders to sets fitted with only one (eg. my
S.750) or none
at all.
Retro-fitting
chassis-mounted
fuseholders
normally
necessitates
difficult and
irreversible
‘surgery’ of the
radio chassis. I
therefore opt for the much less intrusive in-line or surface mount types (to the left and
right of the line-up above)– both work well and the most suitable of these may be
selected for the particular application and location in the set (photos of some installations
in Eddystone sets below).

An in-line fuseholder retro-fitted to the power transformer primary in my S.750 (right)
and a chassis-mount fuseholder retro-fitted in the secondary centre tap of my S.740 (left).
Location of a Fuse in a Typical Radio Circuit
So, why do some circuits have fuses in the power transformer primary? (sometimes in
both the live and neutral lines as in my S.770R – pre-modification, as noted above)

2

Fuses – Protection for your Eddystone?

Gerry O’Hara

and some in the power
transformer secondary (eg. in the
S.750) whereas others have both?
- even the folks at the Bath Tub
appeared to change their mind
after the sets were in production
for a while (see ‘amendments and
updates’ for the S.770, left). This
is a really good question: a fuse
in the primary circuit, in theory,
should protect the whole radio in
the event of an over-current fault
developing, as any excess current
draw in the transformer
secondary, eg. due to a shorted
power supply HT smoothing
capacitor, should be reflected
immediately by a surge in
primary current also. However, in practice, damage can occur to the transformer
secondary or in connected circuits, before the primary circuit fuse blows (indeed if it
blows at all). This is an artefact of two things, 1) around half the set power is consumed
by the valve heaters connected to two or more LT, high current, secondary windings.
This reduces the differential between normal and HT (short) fault currents in the
transformer
primary, and 2)
current surge at
power-on, due
mainly to heavy
current
consumption of
the cold valve

Selection of fuse locations in Eddystone receivers, clockwise from
top left: S.640 (none indicated), S.750 (secondary HT centre tap),
EA12 (single fuse primary) and S770R (dual fuse primary)
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heaters, resulting
in a current surge
in the transformer
primary, hence the
need to ‘beef-up’
the current rating
of a fuse placed in
this position to
avoid frequent
failure. By the
same token, a fuse
in this location
may react (blow)
if a short occurs
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on a LT (heater) winding, whereas a fuse in the
secondary HT circuit would not. Somewhat
better protection of the secondary HT winding
and associated components (eg. rectifier tube
and choke/filter resistor) is afforded by a fuse in
the transformer HT secondary centre tap to
ground connection. However, in cases where
silicon rectifiers are used (eg. my 830/4), this is
not necessarily the case – Peter Lankshear and
Ron
Brown
note that
if one
diode in
a two
Left - the S.940 has a single primary fuse,
whereas the S.830/7 (above) has a double
primary fuse fitted (other S.830 series models
have different arrangements). Note the diode
rectifiers used in the EA12 and S.830 series
(see discussion in text)

diode full-wave rectifier arrangement
(as found in the EA12 and S.830 series
of sets) develops a short, a fuse in the secondary centre tap will not protect the other
diode as it will then have twice the normal voltage applied to it and this will (likely) also
fail (usually a short). A heavy (AC) current will then pass through the entire secondary
winding of the transformer and the two shorted diodes (but not through the centre tap
fuse), resulting in an overheated or failed mains transformer. In summary, there is no
ideal location for a fuse to protect a radio, but it is probably worth placing them in both
primary and secondary transformer circuits to afford whatever protection they can…
What ‘Size’ (current rating) of Fuse Should be Used?
So, by now you’ve installed the
fuseholder(s) - good. That done, the
most frequently asked questions about
the fuses to place in them are “what
size (current rating) will give good
protection but will not blow under
normal operation of the set?” (ie. give
inconvenient and troublesome false
alarms of a non-existent fault condition
in the set) and “ what type of fuse
Selection of ‘quick-blow’ fuses – usually just a
piece of thin wire, but sometimes the wire is
shaped or patterned
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All types are readily-availably, ranging
from really slow – they don’t blow for
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several seconds, to really fast – ie, they blow in a few milliseconds (still not fast enough
for many solid state devices – but who cares about that? - we are talking valve kit
here…).
Generally, the MINIMUM fuse size
should be based on 125% of the
circuit’s full load current, with a
MAXIMUM of 300% of the circuit’s
full load current: 200% is typical.
Time-delay type fuses, often termed
‘slow-blow’ should be used for
inductive and large capacitive loads,
such as in radio power supply circuits,
where power-on current surges can
occur, with fast-acting fuses, often
termed ‘quick-blow’, used to protect
non-inductive loads, in particular
Selection of ‘slow-blow’ fuses – most are
sensitive circuitry. I usually fit a
easily identified, but the type on the right can
‘slow-blow’ type in the power
be mistaken for one of the ‘quick-blow’
transformer secondary centre tap, rated
variety
at 150% to 200% of the maximum HT
current draw and a regular (‘quick blow’) type in the power transformer primary, rated at
200% to 300% of the expected operating current draw based on the manufacturers
wattage rating of the set. If you find that fuses of these ratings blow frequently, then
suspect a developing fault condition in the radio. It should be noted that fuses should be
de-rated when used in high temperatures and/or close the their marked amperage rating –
they are normally rated at 25C.
Closure
Well, that is about it on fuse ‘Lore’ – these much maligned and oft poorly understood
devices could (with a bit of luck and good judgment combined), save that precious
Eddystone from a nasty roasting… or much worse. To find out more about fuses, their
characteristics and selection, check out some of the manufacturer’s websites and/or
download a Product Catalogue – they are often full of good information.
As with my other articles, I hope readers will find one or two useful tips in the above
musings, or that they stimulate thought and curiosity, or for others to submit additional
material, either as an article or a post on the EUG forum.

Gerry O’Hara, G8GUH, Vancouver, Canada, October, 2006 (G8GUH@telus.net)
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Some Useful References
•
•
•
•

•
•

Radio Communications Handbook, RSGB (eg. 4th Ed, Chapter 17)
Radio Amateurs Handbook, ARRL (eg. 57th Ed. Chapter 5)
Radiotron Designers Handbook (Langford-Smith), 3rd and 4th Editions
Various EUG Lighthouse articles, including:
o Issue 74, page 18 (888 HT fuse blowing)
o Issue 78, Page 15 (lack of fuse in model 556)
o Issue 83, page 30 (Power Supplies in Eddystone Receivers by Ron Brown,
with comments by Peter Lankshear), referencing Issue 78, page 37
(Silicon Diodes as Valve Substitutes – are they such a good idea? By Peter
Lankshear)
o Issue 84, page 37 (S.770R fuse mods)
Manufacturers fuse selection guides (two examples appended to this article)
Some web-based articles/resources on fuses include:
o http://www.littelfuse.com/cgibin/r.cgi/en/know_content.html?ContentID=77&LFSESSION=URGuCpr3
cO.
o http://www.sunfuse.com
o http://www.profuseinternational.com/pdfs/Newbery.pdf
o http://www.allaboutcircuits.com/vol_1/chpt_12/4.html

Blow me…

….. if you can!
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Introduction to Circuit Protection
Fuseology

Fuse Facts and Fuse Selection Guide
DERIVATION OF NOMINAL MELTING I2t: Laboratory tests are
conducted on each fuse design to determine the amount of energy
required to melt the fusing element. This energy is described as nominal
melting I2t and is expressed as “Ampere Squared Seconds” (A2 Sec.). A
pulse of current is applied to the fuse, and a time measurement is taken
for melting to occur. If melting does not occur within a short duration of
about 8 milliseconds (0.008 seconds) or less, the level of pulse current is
increased. This test procedure is repeated until melting of the fuse
element is confined to within about 8 milliseconds. The purpose of this

procedure is to assure that the heat created has insufficient time to
thermally conduct away from the fuse element. That is, all of the heat
energy (I2t) is used, to cause melting. Once the measurements of current
(I) and time (t) are determined, it is a simple matter to calculate melting
I2t. When the melting phase reaches completion, an electrical arc occurs
immediately prior to the “opening” of the fuse element. Clearing
I2t = Melting I2t + arcing I2t. The nominal I2t values given in this publication
pertain to the melting phase portion of the “clearing” or “opening”.

FUSE SELECTION GUIDE
The application guidelines and product data in this guide are intended to provide technical information that will help with application design. Since
these are only a few of the contributing parameters, application testing is strongly recommended and should be used to verify performance in the
circuit/application.

Selection Factors
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Normal operating current
Application voltage (AC or DC)
Ambient temperature
Overload current and length of time in which the fuse must open.
Maximum available fault current
Pulses, Surge Currents, Inrush Currents, Start-up Currents, and
Circuit Transients
Physical size limitations, such as length, diameter, or height
Agency Approvals required, such as UL, CSA, VDE, METI, MITI
or Military
Considerations: mounting type/form factor, ease of removal, axial
leads, visual indication, etc.
Fuseholder features: clips, mounting block, panel mount, p.c. board
mount, R.F.I. shielded, etc.

NORMAL OPERATING CURRENT: The current rating of a fuse is
typically derated 25% for operation at 25°C to avoid nuisance blowing.
For example, a fuse with a current rating of 10A is not usually recommended for operation at more than 7.5A in a 25°C ambient. For
additional details, see RERATING in the previous section and
AMBIENT TEMPERATURE below.

VOLTAGE: The voltage rating of the fuse must be equal to, or
greater than, the available circuit voltage. For exceptions, see
VOLTAGE RATING.
AMBIENT TEMPERATURE: The current carrying capacity tests of
fuses are performed at 25°C and will be affected by changes in ambient
temperature. The higher the ambient temperature, the hotter the fuse will
operate, and the shorter its life will be. Conversely, operating at a lower
temperature will prolong fuse life. A fuse also runs hotter as the normal
operating current approaches or exceeds the rating of the selected fuse.
Practical experience indicates fuses at room temperature should last
indefinitely, if operated at no more than 75% of catalog fuse rating.
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CHART SHOWING EFFECT OF AMBIENT TEMPERATURE ON
CURRENT-CARRYING CAPACITY (TYPICAL)
KEY TO CHART:
Curve A: Thin-Film Fuses and 313 Series (.010 to .150A)
Curve B: Very Fast-Acting, Fast-Acting, and Spiral Wound Slo-Blo® Fuses
Curve C: Resettable PTC’s
C
140

PERCENT OF RATING*

Many of the factors involved with fuse selection are listed below:

120

A
B

100

B

80
A
60
25°C
40

C
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-60°C
-76°F

-40°C
-40°F

-20°C
-4°F

0°C
20°C 40°C
60°C 80°C
32°F 68°F 104°F 140°F 176°F
AMBIENT TEMPERATURE

100°C
212°F

120°C
248°F

*Ambient temperature effects are in addition to the normal rerating,
see example.
Example: Given a normal operating current of 2.25 amperes in an
application using a Very Fast Acting fuse at room temperature, then:

Normal Operating Current
0.75
or

Catalog Fuse Rating =

2.25 Amperes
= 3 Amp Fuse (at 25°C)
0.75
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